
M r. R. 0 . P a t t e r s o n  (P res iden t).

Mr. R . 0 .  Patterson , th e President of th e  In s t itu te  
of B ritish  Foundrymen, was bom  in 1876. H e was educated  
in N ew castle-on-Tyne and on the C ontinent. Mr. Patterson  
h as travelled  extensively . H is first long trip  was to  th e  
U nited  States in 1898. H is  n ext tour was to A ustralia , and 
his third excursion was a s a sold ier to tak e part in  the  
Boer War. H e again  v isited  the S ta tes in 1919 to  ta k e  part 
in the American FoundTymen’s A ssociation  C ongress. In  
1920 Mr. Patterson was elected  president of the N ew castle  
B ranch, and the follow ing year junior vice-president of th e  
parent body. H e is w ell known in  northern b usiness circles  
b ein g  a director and works m anager of M essrs S m ith’ 
P atterson  Company. L im ited, of B taydon-on-Tyne, w ho are 
m anufacturers of grey-iron and non-ferrous ca stin g s  and 
are general san itary  engineers.
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In stitu te  o f
B ritish  F o u n d r y m e n

ANNUAL CONFERENCE
HELD AT

NEWCASTLE-ON-TYNE.

June 4, 5 and 6, 1924.

T he tw e n ty -firs t A n n u a l C onven tion  of th e  I n s t i 
tu te  of B ritish  F o u n d ry m e n  was he ld  in  N ew castle- 
on-T yne  from  W ednesday , J u n e  4, t il l  F rid a y , 
J u n e  6 .

T he business o f th e  C onven tion  op en ed  on W ed
nesday , J u n e  4, in  th e  L ec tu re  T h e a tre  of th e  
L ite ra ry  a n d  Philosoph ica l Society , W es tg a te  
R oad . M r. O liver S tubbs, th e  r e t i r in g  P re s id e n t, 
p resid ed , an d  th e re  w ere a la rg e  n u m b er of m em 
bers an d  v is ito rs  p re sen t.

Civic Reception.
The m em bers an d  v is ito rs  w ere welcomed by D r. 

R . W . S im pson (th e  D e p u ty  L o rd  M ayor of New- 
castle-on-T yne), th e  R ig h t  H o n . L ord  Jo icey , J .P .  
(P re s id e n t of th e  N ew castle  an d  G a tesh ead  In c o r
p o ra te d  C ham ber o f C om m erce), a n d  S ir  T heodore  
M orison (P r in c ip a l o f A rm stro n g  C ollege an d  V ice- 
C hancello r of th e  U n iv e rs ity  of D u rh a m ).

D r .  S i m p s o n  apologised fo r th e  absence of th e  
L ord  M ayor, who w as ab sen t in  L ondon  on a  v ery  
im p o r ta n t  eng ag em en t. T he in d u s try  w ith  which 
th e  L o rd  M ay o r was assoc iated  ( th e  b u ild in g  
in d u s try )  was p ass in g  th ro u g h  a  v ery  d ifficu lt 
tim e , an d  on t h a t  d ay  th e re  w as a v e ry  c ritic a l 
m ee tin g  in  L ondon— c ritica l n o t only, from  th e  
in d u s tr ia l ,  b u t  th e  n a tio n a l, p o in t  of view— a n d  he 
h a d  considered  i t  h is  d u ty  to  a tte n d . D r. S im pson 
hoped th e  m em bers of th e  I n s t i tu te  would accep t 
t h a t  e x p la n a tio n , an d  th e  L ord  M ay o r’s re g re t  a t  
th e  sam e tim e .
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D r. S im pson, c o n tin u in g , sa id  he was very  glad 
t h a t  i t  h a d  fa llen  to  h is lo t to  welcom e such  an 
im p o r ta n t In s t i tu te .  H e  un d ersto o d  t h a t  th is  was 
its  tw en ty -firs t y©ar, an d  lie  took i t  as a  v ery  happ} 
in c id e n t ' t h a t  he  h ap p en ed  to  lie th e  D eputy  
L ord  M ayor, an d  h ad  th e  ta s k  of welcoming 
th e  I n s t i tu te  on th e  occasion o f i ts  m ajority . 
H e  hoped i t  would have  a  v ery  successful fu tu re . 
H e  u n derstood  t h a t  i t  ex is ted  fo r th e  lin k in g  up  ! 
science and  in d u s try , an d  he could  im agine no 
h ap p ie r ob jec t fo r any body th a n  to  c a r ry  o u t th a t  
ve ty  h ig h  idea l. A t th e  p re se n t tim e , m  th is  
coun try , we a re  su ffering  a  good deal from 
w an t of sym pathy  an d  w a n t o f  co-operation  
betw een th e  scientific w orker a n d  th e  m anual 
w orker, and  he conld see th a t  if  th e  idea l of the  
In s t i tu te  was ca rried  o u t e n th u s ia s tic a lly  we 
should begin to  g e t to  th e  en d  o f a  good d ea l of 
ou r in d u s tr ia l u n re s t, which, a t  th e  p re se n t 
m oment, is such an  affliction.

The Industries of the Newcastle District.
Speaking of th e  in d u s tr ie s  o f N ew castle , he 

poin ted  o u t th a t  th e  fac to rie s  an d  w orks w hich 
would be v isited  by th e  m em bers in  th e  course  o f 
th e ir  stay  in  N ew castle w ere th e  p r id e  o f th e  
N orth  of E ngland . The N ew castle  people  w ere 
very delighted  to  th in k  th a t  th e  tu rb in e ,  a  g r e a t  
engineering  proposition , was in v en te d  a n d  p e r 
fected on th e  Tyne as was also th e  locom otive ; so 
th a t  tw o of th e  m ost o u ts ta n d in g  e n g in e e r in g  
trium phs in th e  whole w orld w ere o r ig in a te d  in 
th e  Tyne Valley. On behalf of th e  L o rd  M ayor, 
th e  C orporation  and  th e  c itizens of i N ew castle , he 
wished th e  m em bers a very  p ro fitab le  a n d  e n jo y 
able sojourn in  N ew castle, and  hoped t h a t  th e  
m eeting would benefit both  th e  I n s t i tu te  i ts e lf  a n d  
the  n a tio n , th ro u g h  th e  efforts of th e  I n s t i tu te .

Tyneside’s Notable Engineers.
T h e  R t . H o n . L oan  J o ic e y  sa id  t h a t  as th e  

rep resen ta tiv e  of th e  Q ham ber o f C om m erce, he 
was very g lad indeed to  have  th e  h o n o u r of rece iv 
ing so d istingu ished  a  body as was re p re se n te d  by 
th e  In s t i tu te ,  which was d o ing  sp len d id  w ork. 
A lthough th e  In s t i tu te  h ad  only been  in  ex is tence 
tw enty-one years i t  h ad  a lread y  m ad e  i ts  m a rk  in
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M r . J o h n  C a m e r o n  (Sen ior V ic e -P re s id en t) .

Mr. John Cameron is m an ag in g  director of M essrs 
Cameron & R oberton, L im ited , o f  K irk in tilloch , near  
G lasgow , and a lso  a  d irector o f th e  E astern  L ig h t C asting  
Com pany, L im ited , o f B en ga l, In d ia . H e is  th e  elder son  
of th e  la te  Mr. John Cameron, and becam e th e  sole pro
prietor of th is  firm in  1890, and  rem ained so u n til th e  concern  
becam e a p rivate lim ited  com pany in 1899. Mr. Cameron  
loined th e  In stitu te  of B ritish  Foundrym en in 1917, and  th e  
follow ing year represented th e  Scottish  Branch on th e  Genera] 
Council. T h at h is  services were appreciated  was show n by 
the fact th at he w as elected  a m ember of th e council in  
1921. H e is  also a  m em ber o f th e  C ouncil of th e  B ritish  
C ast Iron R esearch A ssociation . Mr. Cameron has m ade 
a study of sem i-steel, and h as read P apers on th is  subject  
at G lasgow , Falk irk , Sheffield, and before the 1922 B irm in g
ham Convention.
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th e  in d u strie s  i t  rep re sen ted . H e  h a d  been  told 
t h a t  th e  educational p o r tio n  of th e  I n s t i tu te  s 
w ork was having a  very  good effect upon  the 
various in d u strie s  and  upon  th e  y o u n g  m en wiio 
were likely to  ca rry  them  on in  th e  y e a rs  to  come. 
Depend upon it, he sa id , in  th ese  days i t  w as abso
lu te ly  necessary, if we w ere  to  hold' o u r  own, to 
tak e  ad v an tage  of ev ery  m eans in  o u r  pow er to 
develop our in d u strie s  in  o rd e r  to  com pete  w ith  
those in  every o th er p a r t  of th e  w orld.

H e realised t h a t  in  th e  f u tu r e  th is  cou n try  
would have to  face such c o m p e titio n  a s  i t  h a d  never 
h ad  to  face before. M any of those  whom  we had 
been accustomed to  supply  w ith  o u r  v a rio u s  m an u 
fac tu red  goods were b eg in n in g  to  m a n u fa c tu re  
th em  fo r them selves, and  m any  of th e m  w ere even 
sup p lan tin g  th e  in d u strie s  of th is  c o u n try . W hen  
i t  was considered w hat t h a t  co m p e titio n  would 
m ean, he was sure  th e  m em bers of th e  I n s t i tu te  
would realise th e  im p o rtan ce  of b r in g in g  all 
those who rep resen ted  th e  in d u s try  to  th e  ve ry  
h ighest po in t of efficiency t h a t  could be a t ta in e d .  
As had  been said by th e  D e p u ty  L ord  M ayor, N ew 
castle was practica lly  th e  b ir th p la c e  of th e  loco
m otive, and, indeed, of th e  developm en t of 
railw ays, because those g re a t m en, G eorge an d  
R obert S tephenson, who h ad  h a d  so m uch  to  do 
w ith  th e  locomotive, were th e  m en who to o k  c h arg e  
of th e  developm ent of th e  ra ilw ays, a n d  to  whom  
th e  country  owed so m uch. Then th e re  w as L o rd  
A rm strong, who, of course, h ad  b u ilt  o u r  g r e a t  
ships, and was such an  in v en to r w ith  re g a rd  to  
ordnance. Follow ing him , th e re  w as S ir  C harles 
Parsons, th e  in v en to r of th e  tu rb in e , to  whom th e  
country  owes so m uch. L ong m ay he re m a in  w ith  
us to  carry  on h is sp lend id  w ork. T h ere  w ere 
m any more such nam es th a t  he could m en tio n  
which would show, a t  all even ts, t h a t  th e  N o r th  
of E ng land  has con trib u ted  as m uch as an y  o th e r  
p a r t  of th e  co u n try  to  th e  g re a t  d ev elopm en ts of 
industry  of which we were so p ro u d . T h e  C ham ber 
of Commerce rep resen ted  all th e  v a r io u s  in d u s
trie s . I t  was no t lim ited  to  th e  C itv  o f  N ew castle , 
b u t extended over th e  whole of th e  d is t r ic t— T y n e
side, th e  W ear, N o rth u m b erlan d  a n d  D u rh a m — and 
these in d u strie s  had  found i t  to  th e i r  a d v an tag e  
to  become connected w ith th e  C h am b er of Com-



M r . V .  C. F a u l k n e r  (J u n io r  V ice -P re s id en t).

.Mr. V. C. Fau lk n er w as tra ined  under Professor J . O. 
Arnold a t Sheffield U n iversity . H e w as a  p ioneer of th e  
electric arc furnace, and  h as travelled  ex ten sive ly  in 
W estern Europe in th is  connection. Some three-and-a-balf 
yeurs a g o  he was appointed  Editor of the “ Foundry Trade 
Journal.” H e jo in ed  th e In s t itu te  in  1908, and has read  
severa l Papers on electric stee l m anufacture. In  1921 he 
was appointed secretary of th e  London B ranch , and w as  
elected  P resident in 1923, an  office h e  s t il l  holds.

Photo'] [E U io tt &  Fry
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.merce. The C ham ber of ’ C om m erce which he 
rep re sen ted , w as one of th e  o ldest an d , he  b e l i e v , 
was proved  to  be one of th e  m ost in f lu e n tia l  m  th e  
co u n try , aiid  in  these  days, w ith  G overnm en ts who 
a re  so keen an d  so a p t  to  in te r fe re  w ith  our 
various- in d u strie s , i t  w as necessa ry  t h a t  on 
in d u s trie s  should have  these  o rg a n isa tio n s  in  oraei 
to  see th a t  th e  leg isla tio n  which G overnm ents w 
p assing  was n o t likely  to  be such as to  UGu r ® r 
in d u strie s . F in a lly , on behalf o f th e  C ham ber 
Com merce, he  ex ten d ed  to  th e  I n s t i tu te  
h e a r tie s t  welcome to  N ew castle , an d  hoped th a t  
th e ir  v is its  to  v a rious works would be u sefu l to  tn  
m em bers.

S i r  T h e o d o r e  M o r i s o n  also offered a  v e r y  h e a rty  
welcome in  th e  nam e o f th e  U n iv e rs ity  of D u r
ham , and , in especial, of A rm stro n g  College. H e 
hoped t h a t  th e  m em bers o f th e  I n s t i tu te  would 
find tim e to  look a t  th e  lab o ra to rie s  a t  A rm stro n g  
College, and  assured them  of a m ost h e a r ty  w el
come to  th e  Scientific  D e p a rtm en ts  o f  th e  College. 
I t  was a  m a tte r  of re g re t  t h a t  th e i r  v is it  h ap p en e d  
to  coincide w ith  one of th e  r a th e r  gloom y p o rtio n s  
of th e  academ ic y ear, i.e ., th e y  w ere  now  h o ld in g  
th e  an n u a l ex am in atio n s , a n d  h e  fe a re d  t h a t  
n e ith e r exam in ers  no r exam inees w ould  be  ab le  to  
give th e  m em bers th e  w ho le -h earted  a t t e n t io n  
which th ey  would have  been g lad  to  g iv e  if  th ey  
h ad  come in  m ore fo r tu n a te  tim es. T h e  U n iv e rs ity  
and  th e  I n s t i tu te  h a d  a  g re a t  d ea l in  com m on, 
because both  w ere w orking upon  th e  sam e prob lem , 
or ra th e r , on d iffe ren t ends of th e  sam e p rob lem . 
The U n iversity  w as engaged  in  th e  e la b o ra tio n  an d  
investigation  of genera l p rin c ip les  of science, w h ils t 
th e  In s t i tu te  was engaged  u pon  th e  p ra c t ic a l  
app lication  of these  p rin c ip les , and  h e  h a d  fe lt  
very strongly  th a t  n e ith e r  side could achieve v e ry  
m uch w ith o u t th e  o ther. I t  was necessary  t h a t  
th e re  should be a  body of independent- in v es tig a to rs  
who w ere p u rsu in g  t r u e  science fo r i ts  own sake 
w ith o u t re g a rd  to  i ts  p ra c tic a l o r  com m ercial 
ap p lication , b u t, a t  th e  sam e tim e , h e  assu red  th e  
m em bers of tlio  I n s t i tu te ,  as a m em ber of the  
U n iv ersity , th a t  i t  w as of considerable
benefit to  those  who w ere follow ing p u re  
science to  have  co n tin u a lly  b ro u g h t befo re  them  
those  p rac tica l problem s and  difficulties w ith  which



7

th e  m em bers o f th e  I n s t i tu t e  w ere in  d a ily  con
ta c t .  T h e  tw o th in g s  could  n o t w ork efficiently 
unless b ro u g h t in to  wholesom e co -o p era tio n , a n d  i t  
was on  th e se  g ro u n d s t h a t  he  fe lt  he h ad  some 
claim  to  e x te n d  to  th e  I n s t i tu te  a ve ry  h e a r ty  
welcome on b eh alf of- th e  U n iv e rs ity .

Presentation of the “ Oliver Stubbs” Gold Medal.
T h e  P r e s id e n t  th e n  asked  th e  D ep u ty  L ord  

M ayor to  p re se n t th e  “  O liver S tu b b s ”  Gold 
M edal to  M r. J o h n  Shaw , o f Sheffield. I t  would be 
ag reed  t h a t  th e  decision  to  p re se n t th e  M edal to  
M r. Shaw  was a good one. E verybody  a p p rec ia ted  
very  m uch th e  w ork t h a t  M r. Shaw  h a d  done fo r 
so m any  years , a n d  m ore p a r tic u la r ly  d u rin g  th e  
la s t  18 m onths, in  connection  w ith  te s t  b a rs . As 
S ir  T heodore  M orison h ad  sa id , th e re  was a  g re a t  
necessity  fo r co -o pera tion  betw een th e  p ra c tic a l 
a n d  th e  sc ien tific  side , because  on e  w ith o h t th e  
o th e r  was of no use. The I n s t i tu te  were d o ing  th e ir  
b e st to  c a r ry  th is  w ork a lo n g , an d  th e y  th o u g h t 
th ey  could cla im  th a t ,  as a  re su lt  of th e i r  w ork, 
th ey  h ad  been of im m ense benefit to  tb e  in d u s try , 
an d  p a r tic u la r ly  to  th e  em ployers, because th e y  h a d  
been ab le  to  supply  th e  em ployers w ith  v e ry  well 
t ra in e d  m en to  m anage  th e  fo u n d ry  side  of th e  en 
g in e e r in g  in d u stry .—b e tte r  t r a in e d  th a n  ever 
before.

T h e  D e p c t y  L o u d  M a y o r , in  p re se n tin g  th e  
M edal, re fe r re d  to  i t  as th e  e q u iv a len t of th e  
“ N obel P r iz e .”  I t  w as g iv en  to  th e  m an  who, 
d u r in g  th e  session, h a d  done, in  th e  op in io n  o f th e  
E x ecu tiv e , th e  m ost o u ts ta n d in g  w ork  fo r th e  good 
of th e  I n s t i tu te ,  th e  m em bers, a n d  th e  in d u s try . 
T h a t  en couraged  an d  recom pensed  resea rch , which 
was v ery  bad ly  recognised  in  th is  c o b n try , and  
looked upon  w ith  th e  g re a te s t  susp ic ion  b y  th e  
G overnm en t an d  by th e  “  Pow ers t h a t  B e ” g e n er
ally , an d  th e  p re se n ta tio n  of th e  M edal was one 
m ore proof of th e  u p -to -d a ten ess  an d  th e  good sense 
of th e  In s t i tu te .  H e  c o n g ra tu la te d  M r. Shaw  upon  
w inn ing  th e  M edal.

T h e  M edal was th e n  p re se n te d  to  M r. Shaw , 
am id  loud ap p lau se  from  th e  m em bers.

M r . S h a w , i n  a c k n o w le d g m e n t ,  s a i d  h e  a p p r e 
c i a t e d  t h e  p r e s e n t a t i o n  o f  t h e  M e d a l ,  n o t  m e r e ly  
f o r  i t s  i n t r i n s i c  v a lu e ,  b u t  f o r  t h e  g o o d  f e e l i n g  a n d
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esteem  of th e  m em bers, w hich  i t  he,tokened. W h at 
l i t t le  he h a d  been able to  do he  h a d  done purely  
and  sim ply  fo r th e  t r a d e — a tr a d e  w hich  was not 
understood , he  was a f ra id , by V D iversity  people, 
b u t one w hich would come in to - i ts  own, fo r Diese 
en g in e  w ork could n o t go unless th e  m eta l use 
w as im proved.

Presentation of Illuminated Address to Mr Reason.
T h e  D e p u t y  L o r d  M a y o r  th en  p re sen te d  to^ M i

l l .  L. R eason (P re s id e n t of th e  In s t i tu te ,  1 9 2 2 -id ) 
an  Illu m in a ted  A ddress, w hich i t  is th e  custom  to  
p re sen t to  r e ti r in g  P re s id en ts . In  d o ing  so, he 
sa id  th a t  one of th e  m ost v a luab le  th in g s  in  th is  
world was reg ard  fo r  one’s fellow -m en, an d  th e  
good opinion of th e  m en  one had  been w ork ing  
w ith , an d  one of th e  m ost d e lig h tfu l th in g s  a m an 
could tre a su re  was a tan g ib le  expression  of th a t  
good will. H e  co n g ra tu la ted  M r. R eason  upoli 
hav ing  been P re s id en t of such a d is tin g u ish e d  
body, an d  upon h av in g  th is  very  ta n g ib le  em blem  
of th e  good will of th e  m em bers.

The Address was p re sen ted  am id  ap p lau se .
M r . H . L. R e a s o n ,  expressing  h is  a p p re c ia tio n , 

said he had  been connected  w ith  th e  I n s t i tu te  fo r 
m any years. W h atev e r he h a d  done h a d  a lw ays 
been a  work of p leasu re , a n d  he  n u m b ered  som e of 
his best frien d s am ong th e  m em bers o f th e  I n s t i 
tu te . A p re sen ta tio n  of th is  s o r t  served  to  re m in d  
one, p a rticu la rly  in  th e  ev en in g  o f one’s y e a rs , t h a t  
one had  done som eth ing  in  one’s hum ble  w ay fo r 
th e  benefit of th e  in d u stry , to  which th e y  w ere a ll 
so p roud to  belong.

T h e  P r e s id e n t , in  p roposing  a  vo te  of th a n k s  
to th e  D eputy  L ord  M ayor, L ord  Jo icey  a n d  S ir  
Theodore M orison fo r h av in g  g iven  th e  m em bers 
of th e  In s t i tu te  such a  sp lend id  welcome, sa id  
they  all app rec ia ted  i t  very m uch indeed , a n d  were 
very pleased to  th in k  th a t  th e  poor san d  r a t  was 
beg in n in g  to  be acknowledged as a very  necessary 
“ e v i l ” — as _ some people m ig h t say— in  the  
en g ineering  in d u stry .

The vote of th an k s  was accorded w ith  acclam a
tion .

T h e  D e p u t y  L o r d  M a y o r , rep ly in g  on behalf of 
him self, L ord  Jo icey  and  S ir T heodore  M orison 
said  th e  m easu re  of th e ir  th a n k s  would be  judged
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by th e  a m o u n t of th e  en jo y m e n t o f th e  m em bers 
w h ilst in  N ew castle . I f  th e  m em bers of th e  I n s t i 
tu te  en jo y ed  them selves as well a s  i t  was hoped 
th ey  would, th e  people of N ew castle  would a ll be 
very p leased  indeed .

THE ANNUAL GENERAL MEETING.
T he 21st a n n u a l g en era l m ee tin g  was th e n  held.
T he m in u te s  of th e  la s t  a n n u a l g en era l m ee tin g  

h av in g  been re ad , confirm ed and  signed,
T he  P resid en t  proposed  t h a t  th e  a n n u a l re p o rt  

of th e  G enera l C ouncil fo r th e  Session 1923-24 be 
ad o p ted .

Annual Report and Balance Sheet.
The G enera l Council h av e  p lea su re  in p re se n tin g  

to  th e  M em bers th e ir  R e p o r t  of th e  p rogress an d  
w ork of th e  I n s t i tu te  d u r in g  th e  p a s t Session 
1923-24.

F o u r  G enera l Council M eetings hav e  been held 
d u r in g  th e  Session a t  M ancheste r, Y ork, M an
c h este r a n d  L ondon  respectively . R e p resen ta tiv e s  
of th e  B ran ch es from  all p a r ts  of th e  c o u n try  have  
a tte n d e d  th e  M eetings, a n d  th e re  h a s  been an  
a v erag e  a tte n d a n c e  of th i r ty .

T he resp ec tiv e  B ran ch es hav e  th e  follow ing 
m em bers a tta c h e d  :—

Associate
M embers. M embers. A ssociates. Totai. 

B irm ingham  . . . .  56 ( 54) 85 ( 88) 14 (17) 155 (159)
Coventry   29 ( 32) 41 (50) 4 ( 8) 74 ( 90)
E ast M idlands . .  32 (31) 46 (66) 7 (9) 85 (106)
Lancashire   99 ( 96) 174 (161) 6 (4 ) 279 ( 261)
London   80 (88) 64 ( 70) 11  (9) 155 (167)
N ew castle    84 (87) 100 (105) 67 (66) 251 (258)
Scottish    65 ( 70) 150 (153) 21 (17) 236 (240)
Sheffield   86 ( 93) 89 (100) 12 (13) 187 ( 206)
W est R id in g  o f

Y orks..................... 36 (34) 46 ( 44) 82 (78)
W ales, and  Mon. 16 11 27
■General .............. 21 (31) 4 (13) 25 (44)

604 (616) 810 (850) 142 (143) 1556(1609)

The figures in  brackets are for th e session  1922-1923.

T he to ta l  n u m b er of M em bers on  th e  Roll of th e  
I n s t i tu te  on A p ril 30, 1924, w as 1556. T he C ouncil 
ro g re t to  have to  re p o rt  t h a t  12 d e a th s  have ta k e n  
place d u r in g  th e  y ear, one of th ese  being  la te  P as t-  
P re s id en t, M r. Chas. Jones, of C ardiff, who filled 
th e  position  of P re s id e n t in  1912, an d  took  con
siderab le  in te re s t  in  tb e  w ork of th e  I n s t i tu te .
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A n n u a l  C o n f e r e n c e  1924.— Tliis w ill be held  on 
J u n e  4, 5 and 6, on th e  p rem ises of th e  L ite ra ry  
a n d  Philosophical Society , N ew castle , by th e  k ind  
perm ission of th e  au th o ritie s .

“  O l i v e r  S t u b b s  ”  G o l d  M e d a l . — T he second 
m edal was aw arded to  M r. H . S h e rb u rn , of the  
L ancash ire  B ranch , th e  aw ard  b e in g  m ad e  on the  
g round  of his p a p er e n tit le d  “  E v o lu tio n  of the  
B ritish  F o u n d ry m an ,”  an d  fo r m e rito r io u s  services 
rendered  to  th e  I n s t i tu te  from  i ts  in ce p tio n  as 
well as for th e  exam ple  an d  p re ce p ts  g iv en  to  th e  
Members of th e  In s t i tu te  an d  in d u s try  in  g en era l.

G e n e r a l  C o u n c i l . — The M em bers who r e t i r e  in  
accordance w ith  th e  B uies a re  M essrs. A. B- 
B a rtle tt, H . Pem berton, J .  Shaw  a n d  H . S h e rb u rn . 
Messrs. B a rtle tt , Pem berton  a n d  Shaw  offer th e m 
selves for re-election. As six  w ere  e lec ted  a t  th e  
las t C onference only four will re q u ire  to  be e lected  
a t  th e  Newcastle C onference to  com ple te  th e  te n  
M embers as provided fo r in  th e  B ye-Laws.

S t a n d a r d is a t io n  of  T e s t  B a r s .— T he T e n ta t iv e  
Specification has been issued and  su b m itte d  fo r th e  
consideration of th e  va ried  T echnical Societies . 
N o  definite steps have been ta k e n  to  p lace  th e  
m a tte r  before th e  B .E .S .A . because i t  is desirous 
th a t  agreem ent shall be a rriv ed  a t  w ith  th e  Specia l 
C om m ittee set u p  by th e  B .C .I.R .A . O w ing to  
c e rta in  circum stances th is  C om m ittee  has n o t com
pleted  its work, b u t th e re  is a  prom ise  t h a t  a  jo in t  
m eeting  will be held, probably befo re  th is  r e p o r t  is 
published. A num ber of la rg e  firms h a v e  t r ie d  th e  
various size bars in  p rac tice  and  a re  u n a n im o u s  
th a t ,  if te s t bars a re  specified, th e  new  specification  
will give m ore in fo rm atio n  th a n  any  one sized b a r .

I n t e r n a t i o n a l  T e s t s .—A s tro n g  C o m m ittee  has 
been set up to  consider th is  m a tte r .  A m em ber 
has been appoin ted  from  each of th e  C o u n trie s  
represented  a t  th e  P a ris  C onvention  in  S ep tem b er 
last. Mons. P o rtev an  was elected  C h a irm a n , and  
Mons. R onceray, H o n o ra ry  S ec re ta ry . So fa r  M r. 
Shaw has n o t called th e  I .B .F .  C o m m ittee  to g e th e r 
to  consider th is  question , as i t  w ill be b e t te r  to 
settle  the question of th e  B ritish  S p ecifica tion  first. 
T h at will, of course, gu ide  th e  C o m m ittee  in  th e ir  
deliberations on th e  In te rn a t io n a l  B a r .

D i p l o m a s .— Since th e  la s t  C onference a new 
Diploma A w ard h as been p re p a re d , an d  th e se  have 
been aw arded to  th e  follow ing fo r p a p e rs  re a d  a t
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M e e tin g s :— J . E . B a tes, C o v en try ; C. B ick erto n , 
B u rn ley ; T. B row n, Sheffield; W . T. E v an s , D e rb y ; 
G. H . J u d d , C o v e n try ; J .  M aste rs , B u rn ley ; £>. 
M cQ ueen, G lasgow ; J .  D . N icholson, N ew castle ; 
W . R aw linson , L a n c a s h ire ; F . R . Rowe, M an 
c h es te r; 0 .  Sm alley, N ew castle ; 0 .  Sm alley, for 
p a p er re ad  a t  Sheffield; Jo h n  W atso n , fo rm erly  of 
Sheffield; an d  C. W eb s te r , Sheffield.

C e b t i f i c a t e s .— D u rin g  th e  p a s t  Session a  form  
of C e rtifica te  of M em bership  has been p re p a re d  
an d  a d o p ted . I t  was decided by th e  G en era l 
C ouncil t h a t  a  C e rtif ica te  should  be g iven  to  all 
M em bers a n d  A ssocia te  M em bers of th e  I n s t i tu te  
whose su b sc rip tio n s w ere p a id  u p  fo r th e  y e a r 1923.

B r i t i s h  C a s t  I k o n  R e s e a r c h  A s s o c ia t io n .— In  
th e  la s t  C onference P ro g ram m e i t  w as an n o unced  
th a t  D r. P e rcy  L o n g m u ir h ad  been ap p o in ted  
D ire c to r of R esearch , b u t  h e  was com pelled to  
resign  a t  th e  end  of h is f irs t y e a r  on  acco u n t of 
ill-h ea lth . M r. Thos. V ickers, who h ad  a c ted  as 
S e c re ta ry  of th e  A ssociation  from  i ts  concep tion , 
h a s also re sig n ed , an d  th e  Council h a s  a p p o in ted  
M r. J .  G. P e a rce -to  fill th e  offices of D ire c to r  an d  
S e c re ta ry . T he A ssociation  has th e  b enefit o f th e  
services o f M r. J .  E . F le tc h e r  as C o n su ltan t.

T he a cu te  depression  in  th e  F o u n d ry  t r a d e  has 
p rev en ted  th e  A ssociation  h i th e r to  from  e n te r in g  
on a n  am b itio u s  re sea rch  p rogram m e. T h ere  a re  
now v e ry  d is t in c t  signs of im p ro v em en t, and  an  
ac tiv e  resea rch  p ro g ram m e  is p roceed ing .

A m e r ic a n  F 'o u n d r y m een ’s  A s s o c ia t io n . —  T he 
M em bers g en era lly  a re  aw are  t h a t  in  A u g u st la s t  
year we received  a  d e leg a tio n  from  th e  A m erican  
F o u n d ry m e n ’s A ssocia tion , a n d  t h a t  th e y  w ere 
e n te r ta in e d  in  L ondon, Sheffield, M anchester, 
B irm in g h am  an d  C o v en try . T hey  a fte rw a rd s  
a tte n d e d  th e  F ren ch  I n te rn a tio n a l  C onference  in  
P a ris  a long  w ith  a la rg e  n u m b er o f  o u r  own M em 
bers. W e h av e  every  reaso n  to  believe t h a t  th e  
M em bers o f th e  A .F .A . re tu rn e d  to  th e  S ta te s  feel
ing  th a t  th e  goodwill an d  h o sp ita lity  shown to  them  
h ad  done m uch to  cem en t th e  re la tio n sh ip  betw een 
th e  tw o  co u n trie s  in  th e  fo u n d ry  tra d e .

W a l e s  an d  M o n m o u t h  B r a n c h .— T his new  B ra n ch  
has re ce n tly  com m enced o p e ra tio n s  w ith  efficient 
Officers an d  we have  ev ery  reaso n  to  hope t h a t  i t  
will becom e a m ost successful B ran ch .
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N e w  B y e - L a w s .— These a re  now in o p e ra tio n , 
and  every M em ber will rece iv e  a  copy of th e  sam e 
along w ith the  C onference B ooklet.

S ta tem ent  o f  A c c o u n t  a n d  B a l a n c e  S h e e t  for 
th e  year ending D ecem ber 31, J923, a re  given 
below.

Ol iv e r  S t u b b s , P resid en t.
W . G . H o l l in w o r t h , G eneral S ecre ta ry .

BALANCE SHEET.

INCOME & EXPEND ITU RE ACCOUNT.

£ s. d. 
81 8 2

585 10 9

74 3 11
45 8 6

10 10 '  0

541 13 3 
6 6 0 

24 10 6 
400 0 0

65 0 0 
6 12 9

113 19 3

£1,958 3 1

E x p e n d i t u r e .

Postages .. ..  ■ ■ • •
Printing and Stationery, including P rin t

ing of Proceedings 
Council, Finance and Annual Meeting E x 

penses
Certificates and Diplomas
Illuminated A ddress...........................
Branch Expenses:—

Lancashire 81 7 9
Birmingham 39 10 10
Scottish 60 17 2
S h e ffie ld .......................... 69 19 3
London 85 5 6
East Midlands 29 4 3
Newcastle 88 19 10
Coventry 52 6 11
West Riding of Yorkshire 34 1 9

Audit Fee 
Incidental Expenses 
Salaries: Secretary and Staff 
Rent of Office
Depreciation of Furniture, etc.
Grant to Branches for Entertainment— 

American Delegation . .  125 0 0
Less : Amount refunded 1 1 0  9
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I n c o m e .
£ s. d.

Subscriptions Received . .  . .  . .  1,677 4 4
Sale of Proceedings, etc. . .  . .  . .  13 0 3
In terest on W ar Loan, Cash on Deposit, etc. 28 7 0
Miscellaneous Receipts . .  . .  . .  0 8
Balance—Excess of Expenditure over Income 239 3

£1,958 3 1

B a l a n c e  S h e e t , D e c e m b e r  31st, 1923.
L i a b il it ie s .

£ s. d.
Subscriptions paid in advance 98 13 0
Sundry creditors 314 9 9
The Oliver Stubbs Medal Eund-

£342 5 7 Local Loans £3 per
cent.

Stock a t  cost .£200 0 0
In terest to date . 15 0 4

215 0 4
Less : Cost of Medal, 1923 10 0 0 205 0 4

Surplus a t December 31st, 1922 965 7 3
L e ss: Transferred

to  Oliver Stubbs
Medal Fund 3 17 0
Excess of E xpen
diture over In 
come for the
year ended 31st
December, 1923 239 3 4 243 0 4

------- —  722 6 11

£1,340 10 0

A s s e t s .
£ s. d. £ s

C a s h  in  H a n d s  o f  S e c r e t a r ie s -
Lancashire . 12 8 3
Birmingham . 39 11 4
Scottish . 19 0 9
Sheffield . 50 3 3
London . .  • . 14 12 3
E ast Midlands . 20 5 4
West Riding of Yorkshire 9 14 1
Coventry 5 18 4

171 13 7
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A s s e t s — continued.
£ s. d. £ s- “ ■ 

Brought forward . .  171 13 7
Lloyds Bank, Limited—

General Account . .  • • 121 9 1
Deposit Account . .  • ■ 300 0 0 L I

The Oliver Stubbs Medal Fund—
£342 5 7 Local Loans

£3 per> cent. Stock a t
c o s t   200 0 0

Balance in hand Lloyds i
Bank, L td   5 0 4 205 0 4

Investm ent Account—
£100 5% National W ar Bonds .
£350 5% War Loan a t Cost . .  . .  43- I u

Furniture, Fittings, and Fixtures
Per last Account . .  • • 66 7 8
Less : Depreciation 10% ..  6 12 9

59 14 11
Additions Typewriter and

Seal   35 2 0 94 16 11
Birmingham Branch—

Special Advance . .  . .  • ■ 15 0 0

£ 1,340 10 0

We have prepared and audited the  above Balance 
Sheet with the Books and Vouohers of th e  In s titu te  and  
certify same to  be in accordance therewith.

J . & A. W. SULLY & CO.,
Chartered Accountants,

A pril 15th, 1924. A U D IT O R S .
T he re p o rt  w as adopted .

T h e  P r e s id e n t  th e n  proposed th e  ad o p tio n  of th e  
balance-sheet for th e  Session. T he F in a n c e  Com 
m ittee  a n d  th e  G eneral C ouncil, h e  sa id , h a d  been 
th ro u g h  i t  very  carefu lly , an d  w ere satisfied  t h a t  
i t  was a co rrec t one.

No questions were asked, and  th e  'balance-sheet 
was adopted .

The New President.
T h e  P r e s id e n t  proposed th e  e lection  of M r 

R. 0 .  P a tte rso n  (Sen ior V ice-P resid en t) as P re s i
d e n t fo r th e  Session 1924-25. I n  M r. P a tte rso n
th e  I n s t i tu te  h ad — or would have, h e  hoped  a
P re s id e n t who would be able to  ta k e  them  along
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on th e  r ig h t  t ra c k . H e  h a d  a  w ide ex p erien ce  of 
all sides of th e  fo u n d ry  in d u s try , an d  h a d  trav e lle d  
considerab ly  in  th is  c o u n try  an d  ab ro ad . H e  (M r. 
S tubbs) fe lt  f o r tu n a te  to  be ab le  to  p u t  before  
th e  m em bers th e  n a m e  of M r. P a t te r s o n , a n d  to  
assu re  M r. P a t te r s o n  o f th e i r  loyal su p p o r t  d u r in g  
h is  te rm  of office. O ne could  n o t w ish fo r  a  finer 
body of m em bers th a n  th o se  o f th e  I n s t i tu te .  
T hey  h ad  a ll w orked  to g e th e r  sp lend id ly , a n d  one 
w as very  m uch  b e tte r  fo r  h a v in g  m oved am ong 
them .

M e. F .  J .  C o o k , in  second ing  th e  p ro p o sitio n , 
en dorsed  all t h a t  M r. S tu b b s h a d  sa id  ab o u t M r. 
P a t te r s o n . Those who knew  him  in tim a te ly  knew 
th a t  h e  h a d  o n ly  one f a u lt ,  a n d  t h a t  was h is g re a t  
m odesty . T h a t ,  how ever, would n o t  in te r f e re  w ith  
h is c a r ry in g  o u t  th e  d u tie s  of h is  h ig h  office, and  
th ey  w ould a ll  be  v ery  p ro u d  to  h a v e  h im  in  th e  
c h a ir .

M r. P a t te r s o n  was u n an im o u sly  e lected .
M e. S t u b b s  th e n  in v es ted  M r. P a t te r s o n  w ith  th e  

ch a in  o f office, an d  tru s te d  h e  w ould be  g iven  h e a lth  
a n d  s t re n g th  to  w ear i t ,  a n d  t h a t  th ey  would all 
be b e tte r  m en a t  th e  en d  of h is  te rm  of office.

M r . P a t t e r s o n , who w as rece ived  w ith  loud 
ap p lau se , expressed  h is g re a t  a p p re c ia tio n  of th e  
ho n o u r done h im . H e  w as ju s t  b e g in n in g  to  
rea lise , h e  sa id , th e  m ag n itu d e  o f th e  office, b u t  he  
hoped  th a t ,  w ith  th e  he lp  of M r. S tu b b s, th e  
C ouncil a n d  th e  m em bers, th e  I n s t i tu te  would have 
a n o th e r  successful y ea r.

T h e  P r e s id e n t , re fe r r in g  to  th e  e lection  o f V ice- 
P re s id e n ts , expressed  re g re t  t h a t  M r. E . H . 
B ro u g h a ll h a d  h a d  to  w ith d raw  fro m  th e  p o sitio n  
of S e n io r  V ic e -P re s id e n t (to  w hich he  would have  
succeeded th is  y e a r) , ow ing  to  c o n tin u a l ill-h ealth . 
T h e  C ouncil th e re fo re  h a d  asked M r. J .  C am eron , 
o f Glasgow, to  fill t h a t  office. M r. C am eron , in  
his u su a l g o o d -n a tu red  w ay, h a d  s tep p ed  in to  th e  
b reach , and  h e  ( th e  P re s id e n t)  w as su re  t h a t  t h a t  
w ould m ee t w ith  th e  e n t i r e  a p p ro v a l o f th e  m em 
bers, an d  h e  p roposed  t h a t  M r. C am eron  be e lected  
S en io r V ic e -P re s id e n t fo r  th e  e n su in g  y e a r.

M r . J o h n  S h a w  seconded M r. C am ero n ’s 
n o m in a tio n , a n d  sa id  h e  h ad  know n h im  fo r  some 
y ears , an d , as a m em ber o f th e  T e s t-B a r  Com 
m ittee , M r. C am eron  w as m ost assiduous in  h is
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du ties . A t h is ow n w orks he had  m ade ab o u t loO 
tests , an d  h ad  c a rr ie d  th em  o u t  to  com pletion , and 
th a t  would g ive th em  some id ea  o f w h a t to  expect 
d u rin g  M r. C am eron’s te rm  of office.

M r. C am eron was u n an im ously  e lected .
M r . C a m e r o n , i n  r e tu rn in g  th a n k s , sa id  how 

m uch h e  h ad  a lw ays en joyed  an d  ap p rec ia ted  tne  
m em bership  of th e  I n s t i tu te .  A f te r  expressing  his 
re g re t  th a t  M r. B roughall was u n ab le  to  ca rry  on. 
h e  sa id  he  fe lt  his own lim ita tio n s  in  succeeding 
such a  n u m b er of exce llen t P re s id e n ts ; however, 
he  would t r y  to  do his best.

M r . T. M a k e m s o n  th e n  proposed  th a t  M r. 
V. C. F a u lk n e r, P re s id e n t of th e  L ondon  B ranch , 
be elected  J u n io r  V ice-P resid en t. M r. F a u lk n e r ’s 
work, he  said, was well know n, and  he  h ad  been a 
m em ber fo r quit© a  long tim e . H is  w ork  as a 
p rac tica l m e ta llu rg is t was also well know n to  all. 
H e  had had  a m ost v a ried  ex p erien ce  as a  m e ta l
lu rg is t an d  foundrym aji, b o th  in th is  c o u n try  a n d  
on th e  C o n tinen t, an d  was a  recognised  a u th o r i ty  
in ce rta in  b ranches o f steel w orks’ p ra c tic e . H e  
had ju s t  com pleted a  very  successful y e a r  o f office 
as P re s id e n t of th e  B r a n c h ; he  w as responsib le  
probably m ore  th a n  an y  o th e r  m an  fo r  th e  success, 
from  th e  B ritish  p o in t of view , of th e  I n t e r 
n a tio n a l C onference ip  P a r is  la s t  y e a r.

M r . F ie l d  (B irm in g h am ), in  seconding , sa id  i t  
had  alw ays been th e  d esire  o f th e  officers a n d  
Council of th e  I n s t i tu te  to  n o m in a te  fo r  th is  h ig h  
office a gen tlem an  in  whom th e y  h a d  confidence. 
In  p u ttin g  M r. F a u lk n e r ’s n am e fo rw a rd , th e  
Council fe lt th a t  th ey  w ere fu lfilling  th e  c o n d i
tio n s which h a d  alw ays been fulfilled b efo re , a n d  
he (th e  speaker) fe lt th a t  he  was only  vo icing  th e  
opinion of th e  Council w hen h e  sa id  t h a t  M r. 
F a u lk n er would fill -the office w ith  every  g ra ce  
and w ith  every ab ility .

M r. F a u lk n e r  was unanim ously  e lected .
M r . F a u l k n e r , in  expressing  h is th a n k s , said 

he was deeply conscious of th e  h o n o u r which h ad  
been done him . H e  did no t ta k e  i t  so m uch as a  
p ersonal honour, h u t  as a  reco g n itio n  of th e  im 
p o r ta n t  c h a ra c te r  of th e  w ork which h a d  recently  
been c a rried  o u t by th e  L ondon B ran ch . Also 
p e rh ap s, i t  was some reco g n itio n  of th e  use of 
techn ica l jo u rn a lism  to  tech n ica l so c ie ties; when



th e  tim e  cam e fo r h im  to  assum e th e  ch a in  of 
office of th e  I n s t i tu te  he  p ro m ised  t h a t  he 
would do h is b est to  keep up th e  tra d i t io n s  of th e  
I n s t i tu te .

Hon. Treasurer and General Secretary.
M r. O l i v e r  S ttjbbs th e n  p roposed  t h a t  M r.

F . W . F in c h  be re-e lec ted  H o n . T re a su re r . M r. 
F in c h  was, he  believed, th e  firs t one to  suggest 
th e  fo rm a tio n  of th e  I n s t i tu te  o f B r itish  F o u n d ry - 
m en, an d , a lth o u g h  he  w as n o t ab le  to  a tte n d  
m ee tin g s v ery  o ften , h is in te re s t w as ju s t  as g re a t  
a s  ever.

M r . H . L . R e a s o n  seconded, an d  M r .  F in c h  was 
u n an im o u sly  re -e lec ted .

T h e  P r e s id e n t  proposed  th e  re -e lec tion  o f  M r. 
W . G. H o llin w o rth  as S ec re ta ry .

T his w as seconded, an d  M r. H o llin w o rth  was 
un an im o u sly  re-e lected .

M r . H o l l in w o r t h  e x p r e s s e d  t h a n k s  f o r  h is  
r e - e l e c t i o n ,  a n d  a s s u r e d  t h e  m e m b e rs  t h a t  h e  w o u ld  
c o n t i n u e  to  d o  h i s  b e s t  f o r  t h e  I n s t i t u t e .

Members of General Council.
A b a llo t was ta k e n  fo r  th e  e lection  o f five m em 

bers of C ouncil to  fill th e  vacancies on th e  C ouncil. 
T he m em bers u ltim a te ly  e lected  w ere M r. A. R . 
B a r t le t t  (L ondon), M r. W esley L a m b e rt (L ondon), 
M r. H . P e m b erto n  (E . M id lan d s), M r. G. E . 
R o b e rts  (C o v en tiy ), an d  M r. J .  Shaw  (Sheffield).

Trustees.
T h e  P r e s id e n t  proposed  th e  re-e lec tion  of 

M essrs. R . B u c h an a n . F . J .  Cook, a n d  M r. O liver 
S tu b b s  as T ru s te e s  o f th e  I n s t i tu te .  T h is was 
seconded, an d  c a rr ie d  unan im ously

Auditors.
O n th e  m otion  of th e  P r e s id e n t , seconded by 

M r. S t u b b s , M essrs. J .  an d  A. W . Sully  & Com
pan y , c h a r te re d  accountan ts^  w ere re-e lected  
A udito rs

M r . H . L. R e a s o n  m oved th a t  th e  S e c re ta ry  be 
in s tru c te d  to  w rite  to  M r. B ro u g h a ll ex p ressing  
sy m p ath y  in  h is illness, an d  re g re t t h a t  he  was 
un ab le  to  c a r ry  on as V ice -P re s id en t. H e  th o u g h t 
M r. B ro u g h a ll would v e ry  m uch a p p re c ia te  a 
m essage from  th e  full C onven tion . H e  w as alm ost 
one o f th e  fo u n d ers  of th e  I n s t i tu te ,  h ad  done
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yeom an service, an d  h a d  been look ing  f o r w a r d  
w ith  a  good deal of p lea su re  to  occu p y in g  th e  c h a ir  
as P re s id e n t, an d  i t  w as o n ly  th ro u g h  ill-h ea lth  
th a t  he  h a d  h ad  to  give up  th e  idea . H is  illness 
was v e ry  serious.

T h e  P r e s id e n t  6a id  t h a t  t h a t  would be done, 
an d  he  fe lt  su re  a ll o f th e  m em bers f e lt  ve ry  muon 
M r. B ro u g h a ll’s in ab ility  to  c a r ry  on.

Greetings from the United States.
A te le g ra m  from  M r. G . H . C l a m e r  w as then 

read  as f  ollows : —
R . 0 .  P a tte rso n , B laydon-on-Tyne.

On behalf A m erican  F o u n d ry m e n ’s Association 
I  ex ten d  to  you personally  an d  to  th e  I n s t i tu te  of 
B r itish  F o u n d ry m en  g re e tin g s  an d  b e s t w ishes fo r 
a  successful C onvention. K in d  in v ita tio n  re 
ceived; re g re t  c an n o t be w ith  you.— G. H . C r a m e r .

T h e  P r e s id e n t  proposed th a t  a su itab le  rep ly  
be se n t to  M r. C lam er. which was ag reed  to .

Mr Stubbs Elected Honorary Member.
T h e  P r e s id e n t  th en  m en tioned  a  m a t te r  which 

h ad  been d e a lt w ith  a t  th e  Council m ee tin g  on  th e  
p revious evening, t h a t  some s lig h t re co g n itio n  
should be m ade of th e  e x tra o rd in a ry  serv ices 
rendered  to  th e  I n s t i tu te  'by th e  P a s t-P re s id e n t.  
M r. S tubbs. M r. S tu b b s h a d  s te p p ed  in to  th e  
breach la s t y ear, th e reb y  d o ing  b o th  th e  I n s t i tu t e  
generally  a n d  th e  N ew castle  B ra n c h  in  p a r t ic u la r  
a  very good tu r n  indeed . T h e  N ew castle  B ra n c h  
was n o t q u ite  re ad y  to  c a r ry  on , b u t  M r. S tu b b s  
stepped in to  th e  b reach  a n d  h a d  filled  i t  a d m ir 
ably. T herefo re  h e  proposed  t h a t  M r. S tu b b s  
should be m ade a  h o n o ra ry  life  m em ber of th e  
In s ti tu te . I t  was th e  h ighest ho n o u r t h a t  i t  was 
in  th e ir  power to  give, an d  h e  believed i t  w ould be 
agreed  i t  was th e  lea s t th ey  could do.

M r . G. E .  R o b e r t s , who seconded, endorsed  w h a t 
th e  P re s id e n t h ad  sa id . I t  w as com m on know 
ledge th a t  M r. S tu b b s h a d  devoted an  u n p re 
cedented  am o u n t of tim e  to  fu lfilling  th e  hi<di 
office to  which h e  h ad  been called. H e  believed 
M r. S tubbs h ad  been ro u n d  to  alm ost every B ra n ch  
d u rin g  h is pe rio d  of office. H e  h a d  given counsel 
to  everyone who h a d  asked  fo r  i t ,  a n d  added 
d ig n ity  to  th e  office o f re p re se n tin g  th e  I n s t i tu te  
a t  v a rio u s conferences to  which th© I n s t i tu te  h ad
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b een  called  to  sen d  -rep resen tatives, a n d  h e  (M r. 
R o b erts) w as c e r ta in  t h a t  th e  I n s t i tu te  would 
rea lly  be d o ing  th e  r ig h t  th in g  in  reco gn ising  M r. 
O liver S tu b b s’ serv ices in  th e  m an n e r  suggested .

M r. J a m e s  S m i t h , P re s id e n t  of th e  N ew castle  
B ran ch , su p p o rte d  th e  re so lu tio n . H e  sa id  h e  h ad  
know n M r. S tu b b s fo r  a  co n siderab le  tim e , a n d  he 
w as d e lig h ted  to  th in k  t h a t  a t  N ew castle  th ey  
w ere m ak in g  h im  a  h o n o ra ry  m em ber o f th e  I n s t i 
tu te .  I t  w as e ig h teen  y e a rs  ago since  th e  I n s t i 
t u te  h a d  he ld  i ts  la s t  C o n v en tio n  in  N ew castle , 
w hen th e i r  d e a r  and  re sp ec ted  fr ie n d , M r. Cook, 
w as m ad e  P re s id e n t, a n d  he w as su re  i t  w ould be 
a g re a t  p lea su re  to  th e  N ew castle  B ra n ch  to  know  
t h a t  th ey  h a d  co n fe rre d  h o n o u r  u p o n  th e i r  old 
fr ien d , M r. S tubbs.

T he re so lu tio n  w as c a r r ie d  u n an im ously ,
M r . O l i v e r  S t u b b s , in  a  b r i e f  a c k n o w le d g m e n t ,  

s a id  h o w  -m u ch  h e  a p p r e c i a t e d  t h e  h o n o u r ,  w h ic h  
h e  w o u ld  n e v e r  f o r g e t  a n d  w o u ld  a lw a y s  r e s p e c t .
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Presidential Address.
The P r e s i d e n t  th en  d e l iv e r e d  his p re s id e n tia l  

address.
G e n t l e m e n ,—  ’

I t  gives me g re a t p lea su re  to  welcome you  to
th e  banks of coaly Tyne.

The la s t C onference held  in N ew castle  d a tes  
back to  th e  very early  days o f th e  I n s t i tu te ,  and 
g re a t strides have been m ade since  t h a t  day. 
G re a t as th e  progress has been, how ever, th e re  is 
an  immense field in f ro n t of us w hich  re q u ire s  o u r 
a tte n tio n  a t  th e  earlie st possible m om ent.

The years which have  passed since  th e  close of 
th e  g re a t w ar have, w ith  one o r  tw o ex cep tio n s, 
been exceptionally  difficult fo r th e  g e n e ra l fo u n d ry  
tra d e  of th e  coun try . T he p ost-w ar u n re s t ,  ex 
pressing  itself in strik es and  re s tr ic tio n s  o f o u t
p u t, has been one of th e  m ain  fa c to rs  in th e  
d estru ctio n  of ou r tra d e . The p o sitio n  to -d ay , 
w hilst still m ost u n certa in , is no d o u b t co n sid er
ably b e tte r, and I  am glad  to  say  th a t  p ro sp ec ts  a t  
th e  m om ent a re  morp cheering , b u t  th e  n a tu r a l  
volume of tra d e  is still very  sh o rt. H ow  c an  we 
as an In s t i tu te  help m a tte rs  a long? W h a t  is 
firstly requ ired  to  my m ind is th a t  th e  se lling  p rice  
of castings be m ateria lly  lowered. T h is  c an  on ly  
be done to-day by e ith e r lower wages or in c reased  
o u tp u t. The first, I  th in k  we a re  all a g ree d , is 
o u t of th e  q u es tio n ; in  fac t, m ost of us w ill say 
th a t  wages to-day are  too  low, an d  we w ould m uch 
ra th e r  like to  see a  rise , were suoh a  th in g  
economically possible.

The second m ethod is one t h a t  ta k e s  som e 
th in k in g  over, an d  can only be ap p ro ach ed  from  
th e  view of g iving b e tte r  fa c ilitie s  in  o u r  
foundries so th a t  men can  give g re a te r  o u tp u t  
w ith  less or certa in ly  no m ore effort.

G rea t progress has 'been m ade in  sev era l d irec 
tions, and i t  behoves us to  s tu d y  a ll new processes 
and, wherever possible, ap p ly  th em  in  o u r  own 
p lan ts. There a re  a  few developm en ts w hich  I  
should like to  m ention h e re  as b e in g  w o rth y  o f  
our consideration.

Centrifugal Castings.
T ake the  question of c e n tr ifu g a l cas tin g s. This 

operation  has been ex tensively  developed, p a r t ic u 
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la r ly  in c e r ta in  p ip e  fo u n d ries , a n d  would a p p ea r 
to  be m ak in g  g re a t  headw ay , m ak in g  s tro n g e r  a n d  
lig h te r  p ip es th a n  is possible by  th e  old m ethods, 
a n d  th e re b y  low ering  th e  cost to  th e  consum er. 
D evelopm ents a re  a lso p ro ceed in g  w ith  c e n tr i 
fu gal c a s tin g s  fo r e n g in e e rin g  p u rposes. T here  
a re  g r e a t  p o ss ib ilities  in  th is  d irec tio n , fo r  if  we 
can  tu r n  o u t  a  l ig h te r  a n d  s tro n g e r  ca s tin g  so 
m uch th e  b e t te r  fo r th e  en g in eer.

Melting Iron and Riddling Sand.
T h en  th e re  a re  fo u n d ry m en  a t  w ork e x p e rim e n t

ing  w ith  o il-fired  fu rn a c e s  in  o rd e r to  c u t  o u t th e  
cupola, w ith  a view of im p ro v in g  th e  q u a lity  of 
th e ir  m olten  m eta l, to  su i t  h igh-class cas tin g s such 
as m o to r cy linders , w hich p a r tic u la r ly  re q u ire  an  
iron  low in to ta l  carbon .

W o n d erfu l p ro g ress  h as been  m ade , I  am  led  to  
u n d e rs ta n d , by c e r ta in  M id lan d  a lu m in iu m  firm s 
in  th e  p ro d u c tio n  o f d ie-cas tin g s. C astin g s as 
la rg e  as s ix -cy linder c ran k -cases a re  successfully  
m ad e  in  dies, which su re ly  m u st c o n s titu te  a . 
reco rd . T hen, a g a in , w h a t ab o u t o u r  cupolas?  
Do we m ak e  enough  of o u r e n g in e e rin g  know ledge 
a n d  ap p ly  sam e to  save h a n d lin g  of m a te r ia l?  I ,  
have  a tte m p te d  re ce n tly , in  a  sm all way, m ore o r 
less m echanically  to  c h a rg e  a p a ir  of cupolas, and  
w h ilst n o t fo r a  m o m en t ho ld in g  th is  a rra n g e m e n t 
o u t  to  be  a  p e r fe c t one , g r e a t  sav in g s h a v e  been 
m ade. M y tro u b le  was, how ever, t h a t  th e  whole 
in s ta lla tio n  h a d  to  he  m ade  in  o u r own works. 
T he o n ly  help  rece ived  was from  th e  illu s tra tio n s  
in  th e  tech n ica l p ress. Now in  th is  d irec tio n  is 
th e re  n o t an  open in g  in  th is  c o u n try  fo r a good 
fo u n d ry  e n g in e e r?  One who could  a c t as a  con
s u lta n t ,  such as o u r  A m erican  fr ie n d s  h a v e  in  
p len ty . I  v is ited  th e  U n ited  S ta te s  in 1919, an d  
am o n g s t m any  o th e r  th in g s  I  was g re a tly  ta k e n  
by th e  g y ra to ry  r id d les  seen th e re  in  n ea rly  every 
fo undry . On m y r e tu r n  I  b o u g h t th re e  o f th ese , 
an d  can  safely  say t h a t  m y expenses fo r  th e  t r ip  
w ere m ore th a n  m ad e  o u t  of th ese  r id d les 
w ith in  12 m onths. They a re  one of th e  g re a te s t  
m oney-savers in  a  fo u n d ry , an d  y e t th e  local 
a g en t te lls  m e t h a t  h e  h as th e  g re a te s t  difficulty 
in se lling  any  of th em  u p  h e re  on th e  N o r th -E a s t 
C oast. Now th is  shou ld  n o t  be. W e n ra s t w ake
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ap p lian ce  we c an  lay  ho ld  of.

The Sand Question.
T he sand  qu estio n  is also o ne  w o rth y  of con

s id e ra tio n . I  am n o t sa tisfied  t h a t  we g e t the  
fu lle s t possible life  o u t  of o u r  sands, h u t  research 
is be in g  m ade  in  th is  d irec tio n  a n d  should bear 
v a luab le  f r u i t  in  tim e . The h a n d lin g  and  p re 
p a ra t io n  of san d  is one t h a t  p re sen ts  m any 
in te re s tin g  p o in ts  to  th e  fo u n d ry m an , a n d  large 
econom ies should  be  m ade  by a p ro p e r app lication  
of good e n g in eerin g  p ra c tic e  in  th is  connection.

T he te s t-b a r  question  has been very  thoroughly  
v e n tila te d  d u rin g  th e  p a s t tw elve m on ths, an d  has 
proved to  be a b igger p roposition  th a n  w as g en er
a lly  th o u g h t  a t  th e  beg inn ing . _ A vast_ a m o u n t of 
w ork h a s  been done by th e  in te rn a t io n a l  com 
m ittees , b u t  n o th in g  defin ite  has been se ttle d , an d  
i t  would a p p ea r th a t  a lo t of g ro u n d  has to  be 
covered before  finality  is reached . I  should  
im agine t h a t  p e rh ap s th is  is a question  which m u s t 
be approached scientifically  and  w ith o u t any  
reg ard  to  in d iv idual preferences.

Classification of Pig-Iron.
H as th e  tim e n o t a rriv e d  to  m ake a  m ove in 

th e  d irec tio n  o f th e  classification  o f p ig -iro n  by 
analysis? T his is a m ost im p o r ta n t  q u estio n  an d  
is long overdue. I  know th a t  c e r ta in  p ig - iro n  
m akers have th e  g re a te s t  re lu c ta n c e  to  do  a n y 
th in g  in th is  m a t t e r ; on th e  o th e r  h an d , th e r e  a re  
o thers who seem to  w an t to  do th e ir  b est to  help  
along th e  m ovem ent. T he b est way in  w hich  we 
can help is to  encourage those who a c t  sym 
p athe tically  in  th e  m ovem ent and  b uy  o u r p ig - 
iron  from  them  w henever possible. W ith  a ll th e  
m etallu rg ical knowledge we have  a t  o u r  .disposal in  
these  days, i t  seems rid icu lo u s to  h av e  to  b u y  o u r  
p ig-iron  by f ra c tu re  alone, an d  I  am  q u ite  su re  
th a t  if  each one of us moves p e rs is te n tly  in  th is  
d ireotion  th e  producers will come in to  l in e  in  due 
tim e . The sam e rem ark s app ly  equ ally  to  o n r 
coke supplies. These fo r  a v e ry  long  tim e  hav e  
been an y th in g  h u t  sa tis fac to ry , a n d  I  am  su re  
t h a t  we are  now qu ite  s tro n g  en o u g h  to  in s is t  upon 
o u r req u irem en ts  being  filled.

W ith  re g a rd  to  these la s t  two- item s of p ig -iron

22
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an d  coke, we m ig h t, I  th in k , ta k e  a  lea f  o u t of 
th e  book of o u r  A m erican  cousins, who h a v e  go1 
bo th  q u estions se ttle d  on  v ery  com m onsense lines

Co-operative Research.
Now to  he lp  u s  a lo n g  th ese  s o r t  o f lin es we have  

o u r own I n s t i tu te ,  th e  B r i tish  C a s t I ro n  R esearch  
A ssocia tion , an d  o u r  v a rio u s  t r a d e  associations. 
These, w hilst w ork in g  on in d e p e n d e n t lines fo r  
th e  com m on good, o u g h t, I  th in k ,  to  he  b ro u g h t 
in to  closer fusion . T h e  I n s t i tu te  fo r  th e  in d i
v id u a l, th e  o th e r  tw o fo r  th e  firm s.

W e a ll know  w h a t th e  I n s t i tu te  has done— and 
s till  does— fo r each o f us, b u t  a re  we m ak in g  th e  
b e s t use of th e  re sea rc h  assoc ia tion?

A fte r  a v a s t  a m o u n t o f w ork  th is  A ssociation  
h as issued  from  i ts  te e th in g  s tag e  an d  is now in  
fu ll sw ing a n d  do ing  v a lu ab le  w ork fo r  th e  
in d u s try . I t  p rov ides e x p e r t  tech n ica l advice, an d  
re p o r ts  on  an y  difficulty  o r  tro u b le  exp erien ced  by 
its  m em bers in  th e i r  ev e ry d ay  p ra c tic e .

T he re p o rts  p ro v id ed  cover a  ve ry  w ide ran g e , 
in c lu d in g  p ig -iro n , san d s, fuels, m o u ld in g  p ra c 
tice , cu p o la  p ra c tic e , d esign ing  o f cas tin g s, p ro 
d u c tio n  of sem i-steel, m alleab le  cas tin g s, a n d  th e  
m ix tu re s  a n d  m ethods re q u ire d  fo r  specia l irons 
fo r v a rio u s  p u rposes.

A n exce llen t l ib ra ry  is a t  th e  d isposal of th e  
m em bers, an d  th e  Q u a rte r ly  B u lle tin  p ro v ides a  
m eans o f co m m u n ica tio n  be tw een  th e  A ssociation  
an d  th e  m em bers on m a tte r s  o f comm on in te re s t,  
an d  c o n ta in  a b s tra c ts  of l i te r a tu r e  r e la tin g  to  
cas t iro n  a n d  fo u n d ry  p ra c tic e .

T h e  A ssociation  co n ducts in v es tig a tio n s  fo r th e  
pu rp o se  of le a rn in g  m ore a b o u t  th e  p ro d u c tio n , 
t r e a tm e n t,  an d  th e  use  of c a s t iro n  a n d  m alleab le  
iro n , an d  so enab les m em bers to  im prove th e ir  
m e ltin g  a n d  m o u ld in g  p ra c tic e . T he in v es tig a 
tio n s  a re  c a rr ie d  o u t a t  th e  m ost im p o r ta n t 
lab o ra to rie s  in  th e  co u n try  an d  in  th e  works- of 
m em bers.

P e rio d ica l re p o rts  aire issued a s  an d  when 
in v es tig a tio n s  a re  com plete , and  these  ap p ea l b o th  
to  th e  iro n fo u n d e rs  an d  to  th e  e n g in eer whose 
fo u n d ry  is only p a r t  of h is  business.

T he A ssociation  is w ork ing  fo r th e  p rogressive 
s ta n d a rd isa tio n  of m a te ria ls  an d  m ethods o f te s t 
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ing  in th e  in d u s try , accep tab le  to  fo u n d ry m en . 
I t  a id s m em bers to  m ee t spec ifica tions issued 3y 
vairious consum ers a n d  lends assis tan ce  in  m odify
ing  specifications based  upon  in ad e q u a te  m e ta l
lu rg ic a l know ledge of fo u n d ry  p ro d u c ts .

These few words, w h ilst b riefly  in d ic a tin g  th e  
a c tiv itie s  o f th e  A ssocia tion , do n o t by an y  m eans 
cover th e  fu ll field. I t  is an  ind ispensab le  
acq u isitio n  to  th e  fo u n d ry  tra d e , an d  I  am look
in g  fo rw ard  to  g re a t  s tr id e s  be ing  m ade in  our 
business th ro u g h  th e  effo rts w hich a re  being 
m ade. '  . .

Now w ith  re g a rd  to  our com m ercial associations, 
I  th in k  a field which m ig h t be p rofitab ly  invaded  
is one which m ig h t be called com m ercial research . 
By th is  I  m ean th a t  p ro p a g an d a  work should  be 
in s t i tu te d  so t h a t  th e  consum ption  o f cas tings 
m ig h t g re a tly  be increased. F o r  exam ple, A m eri
can  ra ilw ay  tru ck s  have  cast-iron  w heels; S ou th  
A frican  te le g ra p h  poles have cas t-iro n  bases. 
H ere  we have  “ im ported  ”  wood poles, p ro bab ly  
costing  as m uch as steel an d  cas t-iro n  poles.

In  A m erica and  o th e r  co u n trie s  th e y  h av e  c a s t-  
steel a u to m a tic  t ru c k  couplers. A  few cases of 
th is  so rt in s t itu te d  in  th is  co u n try  w ould e n o r
mously increase th e  o u tp u t  of cas tin g s a n d  th e re b y  
decrease ou r costs,

Shortage of Skilled Moulders.
W e now come to  a n o th e r q u estion  which is c au s

ing  a  serious position  in  o u r  in d u s try , t h a t  is th e  
sho rtage  of really  skilled m oulders. M ou ld in g  is 
perhaps w ithou t excep tion  th e  m ost sk illed  of all 
the  eng ineering  branches. I  th in k  t h a t  a  m o u lder, 
and perhaps a b lacksm ith , is born  and  n o t m ade , 
and  if  s ta tis tic s  were ta k e n  o u t I  am  su re  t h a t  a 
big percen tag e  of boys ap p ren tic e d  to  th e  t r a d e  
fa il to  become h ighly  skilled m en. U n fo r tu n a te ly  
m oulding is a d ir ty  t ra d e , and  i t  is difficult to  g e t 
th e  best class of boy to  ta k e  i t  up . I t  is th e re 
fore up to  th e  em ployers to  m ake  c o n d itio n s  m ore 
a ttra c tiv e . Could we b u t ge t th e  boys in te re s te d  
in  th e  m eta llu rg ica l side of cas t iro n , even  to  a 
very e lem entary  degree, I  am  su re  t h a t  th e ir  
in te re s t  in  th e ir  w ork would be m u ltip lie d  m any  
tim es. I t  would, th e re fo re , seem  d es irab le  th a t  
each works o r a  g roup  of w orks shou ld  in s t i tu te  
some so r t  of t r a in in g  class fo r a p p re n tic e s . The
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m ost im p o r ta n t, a n d  by f a r  th e  m ost in te re s tin g , 
su b je c t fo r such boys to  s tu d y  would be that- of 
cupola  p ra c tic e . T he w oeful ig n o ran ce  of th is  
su b je c t shown by th e  av erag e  fo u n d ry  o p e ra tiv e  
is rea lly  te r r ib le , a lth o u g h  when one looks back 
to  th e  d ay s befo re  th e  I n s t i tu te  o f B r itish  F o u n d ry - 
m en th e  ig n o ran ce  of th e  b u lk  of th e  em ployers 
on  th is  sam e su b je c t w as equally  abysm al. T h ere 
fo re  le t  us g e t a t  i t ,  g e t  hold  of th e  boys, and  
t r a in  th em  u p  in  th e  way th ey  should  go.

In  conclusion , G en tlem en , m ay I  sincerely 
th a n k  you  fo r  h a v in g  e lected  m e y o u r P re s id e n t. 
I  am  fu lly  aw are  of th e  re sp o n sib ility  of th e  posi
tio n , a n d  of th e  difficult ta s k  i t  is to  fill th e  c h a ir , 
p a r tic u la r ly  w hen fo llow ing such a n  o u ts ta n d in g  
p e rso n a lity  a s  M r. S tu b b s, who h as done so m uch 
to w ard s b r in g in g  th e  I n s t i tu te  u p  to  its  p re sen t 
s ta te .  I  know  t h a t  I  h av e  h is he lp  a t  my disposal 
d u r in g  th e  com ing  y e a r, which I t r u s t  will c a rry  
w ith  i t  th e  sam e success as la s t  y e a r.

Vote of Thanks to the President.
M e . F . J .  C o o k  proposed  t h a t  a vo te  o f th a n k s  

be accorded  to  th e  P re s id e n t  fo r h is v ery  in te re s t
ing  a n d  th o u g h tfu l address. H e  believed th a t  
w h a t th e  P re s id e n t  h a d  said  w ould show t h a t  th e  
I n s t i tu te  h a d  th e  r ig h t  m an  in  th e  r ig h t  p lace.

M e . O l i v e b  S t t jb b s , who seconded, drew  a t te n 
t io n  to  th e  exce llen t w ork  w hich h a d  been  done by 
M r. P a tte r so n , an d  expressed  th e  op in io n  th a t  in 
h im  th e  I n s t i tu te  h a d  an  ex ce llen t P re s id e n t. H e  

. h a d  given th em  a  g re a t  deal to  th in k  a b o u t in  th e  
course of h is address . R e fe r r in g  to  M r.
P a t te r s o n ’s rem a rk s , h e  ag reed  t h a t  i t  w as tim e  
th e  ju n io r  m em bers cam e along  a n d  d id  some of 
th e  w ork, arid he w an ted  to  g e t ju n io r  m em bers 
in te re s te d  in  th e  w ork  as m uch  as possible T he 
o ld e r ones could n o t go on fo r ever.

T he vo te  of th a n k s  w as c a rr ie d  unan im ously .
T he P re s id e n t  briefly  acknow ledged it.

Vote of Thanks to Retiring Officers.
M e . R u s s e l l  proposed  a  v o te  o f th a n k s  to  th e  

r e t i r in g  officers fo r th e  w ork  th ey  h ad  done, m en 
tio n in g  p a r tic u la r ly  M r. S tu b b s an d  M r.
B roughall.

M e . C o l e - E s t e p  seconded, a n d  em phasised  th e  
w ork of th e  T es t-B a r an d  R u les C om m ittee«.

The vote was acknow ledged by M r. R . B u ch an an
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THE BANQUET.
T he a n n u a l b a n q u e t w as held  a t  th e  G rand  

Assembly Room s, B a rra s  B rid g e , Newca^stle-on- 
T yne, on  J u n e  4, th e  P re s id e n t  in  th e  ch a ir.

The to a s ts  of “  T he K in g  ”  an d  “  T he P rin c e  of 
W ales an d  R oyal F a m i ly ”  w ere p roposed by th e  
P re s id e n t, an d  w ere du ly  honoured .

M e. O l i v e r  S t u b b s  an n o u n ced  th e  re ce ip t of 
m essages of c o n g ra tu la tio n  from  th e  A m erican  
Foundrym em ’s A ssociation an d  th e  D u tc h  F o u n d ry - 
m en’s A ssociation ; also, th e re  w ere m essages of 
re g re t  fo r  n o n -a tten d an ce  from  S ir W illiam  Noble, 
M r. Sum m ers H u n te r  and  M r. H . H u n te r .

Municipalisation or Private Enterprise.
M r. V. C. F a u l k n e r  (V ice-P residen t) p roposed  

th e  to a s t o f  “  T he C ity  an d  C o u n ty  o f N ew castle- 
upon-T yne.”  H e  h a d  h ad  no tim e , he  sa id , to  go 
in to  th e  su b jec t o f his to a s t, b u t  th e  gu ests  w ere 
fo r tu n a te  in  th a t  M r. A. E . Jo h n s to n e , o f “  T he 
N ew castle C hron icle ,”  h ad  given a  d e sc rip tio n  of 
Newcastle an d  th e  T yneside in d u s tr ie s  in  th e  
souven ir booklet. M r. Jo h n s to n e , a b ro th e r  
scribe, h ad  been w ork ing  in  a  la rg e r  sp h e re  th a n  
him self, and  was ab le  to  deal m ore  a d eq u a te ly  
vyith th e  su b jec t th a n  p e rh ap s  a n y  tech n ica l 
jo u rn a lis t could possibly do.

One would have  im agined  th a t ,  h a v in g  liv ed  on 
Tyneside fo r two years, as he h a d  done, h e  w ould 
be able to  give some re a l in fo rm a tio n  a b o u t N ew 
castle , b u t tw o y ears w as too  sh o r t  a  p e r io d  to  
le a rn  of th e  m any  v icissitudes an d  a c t iv it ie s  of 
such a la rg e  c ity  as N ew castle.

M r. Joh n sto n e  in  h is a rtic le  h a d  sa id  n o th in g  
of th e  m un ic ipal aspect. The m u n ic ip a lity  of N ew 
castle  realised  t h a t  i t  was ad v isab le  to  leave  to  
ind iv id u a ls  th e  co n d u ct of com m unal o rg a n is a tio n , 
such as e lectric ity  and  gas su pp ly . H e  rem in d ed  
his h e a re rs  t h a t  th e  cheapest g a s in  th e  k ingdom  > 
in  p re-w ar days, which m ust s t i ll  he  co nsidered , as 
n o rm al, was supplied by th e  Sheffield G as Com
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p a n y , a n d  th e  c h ea p es t e le c tr ic ity  in  G re a t B r i ta in  
be fo re  th e  w ar w as su p p lied  by th e  N ew castle  
E le c tr ic  S upp ly  C om pany . P ro b ab ly  N ew castle  
was r ig h t,  th e re fo re , in  leav in g  such services to  
p r iv a te  e n te rp r is e .

A g a in , M r. Jo h n s to n e  h a d  n o t d e a lt  w ith  th e  
d iv e rs ity  of in d u s tr ie s  which w ere c a rried  on in  
th e  ne ighbourhood  of N ew castle . I n  th is  resp ec t 
th e  c ity  la rg e ly  resem bled  th e  fo u n d ry  in d u s try , 
because  in  th e  fo u n d ry  in d u s try  th e y  m ade an y 
th in g  from  a sash -w eig h t to  a tu rb in e  casing , and  
th ey  re p re se n ted  every  t r a d e  o p e ra t in g  in  G re a t 
B r i ta in .  So, too , in  N ew castle  th e y  o p e ra ted  th e  
sh ip b u ild in g , tb e  chem ical, g lass an d  p o tte ry  and  
o th e r  in d u s tr ie s , an d  th is  p h ase  m ig h t u sefu lly  he 
dw elt u p o n  by an y  p erson  to  whom w as confided 
th e  to a s t  of N ew castle-upon-T yne.

W ith  th e  to a s t  M r. F a u lk n e r  a ssoc iated  th e  
n am e  o f D r. R . W . S im pson, th e  D ep u ty  L ord  
M ayor, who h a d  so  k in d ly  w elcom ed th e  m em bers 
t h a t  m o rn in g . N ew castle  c o n ta in ed  ab o u t 333,000 
in h a b ita n ts , b u t  h ad  m ade  a finer show th a n  m any  
c itie s  w hich could c la im  double th e  num ber. D r. 
S im pson was c h a irm a n  of th e  H e a lth  C om m ittee , 
a  v e ry .im p o r ta n t  p o sitio n  to  occupy, an d  one which 
m u st ta k e  up  a  trem en d o u s a m o u n t of h is tim e  
an d  th o u g h t.

F in a lly , he  sa id  t h a t  as a re su lt  o f th is  m ee tin g  
he  w as su re  t h a t  th e  sto ry  of N ew castle , 'w ith its  
w o n d erfu l e n te rp r is e s  an d  i ts  w orks, w ould be 
ta lk e d  a b o u t from  C leveland to  S t. E tie n n e .

The Problem of Local Government.
D r .  R . W. S i m p s o n  (D ep u ty  Ford  M ayor), in 

response, e x p la in ed  tliç  re g re t ta b le  absence of th e  
L o rd  M ayor, who h ad  had  to  a tte n d  an  im p o r ta n t 
m ee tin g  co n cerned  w ith  h is  in d u s try  in  L ondon. 
T he L o rd  M ayor h a d  asked him  to  express his 
s in c e re ^ re g re ts  and  apologies fo r h is  absence.

D ealin g  w ith  th e  problem  of local a d m in is tra 
tio n , he  sa id  th is  was becom ing  v ery  com plica ted , 
an d  em phasised  to  those p re sen t, who' cam e from  all 
over tlie  c o u n try , t h a t  local g o v e rn m en t w as becom 
in g  a very  im p o r ta n t  business, a n d  called  fo r th e  
very  b est b ra in s . In  local g o v e rn m en t th e y  w ere 
t ry in g  to  m ak e  in te llig ib le  and  effective th o se  ha lf- 
digested  A cts of P a r l ia m e n t  which w ere dum ped 
down on th e  local a u th o rit ie s , w ho w ere in v ited
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to  a d m in is te r  th em  to  th e  b est of th e ir  ab ility . 
T h ere fo re , he m ade  a n  ap p ea l to  all wfn> t o o k  a 
respo n sib le  view  of th e ir  p o sitio n  in  th is  world 
t h a t  i t  w as th e ir  job to  come fo rw a rd —th e  very 
best o f th em — an d  h e lp  in  so lv ing  th is  very 
difficult problem .

I n  ex p ress in g  th e  en jo y m e n t which h is associa
tio n  w ith  th e  fo u n d ry m en  h a d  g iv en  h im , he  s a i d  
h e  h a d  always, associated  fo u n d ry m en  w ith  F a lk irk  
— (la u g h te r)— b u t un d ersto o d  t h a t  th e re  w ere q u ite  
a  lo t of fo u n d ry m en  who h ad  n e v er seen F a lk irk . 
T here  w ere tw o k in d s of fou n d ry m en , nam ely, 
rea l foundrym en ' an d  g en tlem en  who w ent in foi 
l ig h t  cas tin g s. H e  w as a lm ost ash am ed  to  a d m it 
t h a t  he  h ad  been associated  a lm ost e n tire ly  w ith  
th e  la t te r .  H ow ever, in  fu tu re  he  would ta k e  a 
good deal m ore n o tice  o f th e  o th e r  m an . H e  h ad  
been v ery  'struck  w ith  th e  h igh  idea ls o f  tlm  I n s t i 
tu te .  H e  liked  its  m otto , nam ely , th e  l in k in g  up 
of science w ith  in d u stry . I f  th ey  could  g e t t h a t  
sp ir i t  to  sp re ad  th ro u g h o u t th e  c o u n try —th e  l in k 
ing  u p  of th e  w orkm an w ith  th e  th in k e r ,  w ith  th e  
re su lt t h a t  both  w ere p u llin g  a t  one end  o f th e  
rope in stead  of opposite ends—th e n  th e y  w ould  
begin to* see hope fo r th e  c o u n try . H e  co n sid ered  
th a t  th e  B ritish  w ork ing  m an  w as th e  fin es t m an  
in  th e  world, and  if  he  (» -o p e ra ted  w ith  th e  
ad m in is tra to r , th e  th in k e r , an d  th e  sc ie n tis t ,  th e  
re su lt would be  t h a t  we should  n o t  h a v e  to  w o rry  
m uch longer ab o u t th e  co n d itio n  o f E u ro p e .

Meeting Competition by Research.
S i r  T h e o d o r e  M o r i s o n ,  K .O .S .I .,  K .C .I .E . ,  

then  proposed th e  to a s t  o f th e  “ T ra d e  a n d  In d u s 
tr ie s  of th e  N o rth -E a s t C o ast,”  a n d  asso c ia ted  i t  
w ith  th e  honoured  n am e of L ord  Jo icey , w hom  a ll 
a t  Newcastle-on-Tyne h a d  so long  re sp ec ted  a n d  
adm ired. W hen L ord  Jo icey  t h a t  m o rn in g  h ad  
welcomed th e  I n s t i tu te ,  in  th e  n a m e ’o f th e  C h am 
ber of Commerce, be h ad  ta k e n  occasion to  p o in t 
o u t th a t  B ritish  in d u s try  was g o ing  to  be faced 
w ith  com petition  in th e  fu tu re  such  a s  i t  h a d  
never had  to  m eet before, an d  he  (S ir  T heodore) 
would v e n tu re  to  co rro b o ra te  th a t ,  from  w h a t he  
had  seen in In d ia  an d  in A sia, because  h e  could 
assu re  h is h eare rs  th a t  th e  in d u s tr ia l  a r t s  w h ic h  
had  first m ade E n g lan d  th e  w orkshop o f th e  world 
« e re  easily  lea rn ed  by th e  in te l lig e n t  people  of
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A sia. T h ere fo re  h e  rea lised  to  th e  fu ll th e  *truth 
o f w h a t L ord  Jo icey  h a d  sa id , an d  how these  
people, who h a d  h i th e r to  been o u r  custom ers, would 
in fu tu r e  m ake fo r them selves th e  goods which 
th ey  h ad  been prev iously  in th e  h a b it  of b u y in g  
from  E n g la n d . B u t  L o rd  Jo icey  h ad  c o n tin u ed  
th a t  we oould only  m eet th is  serious co m p etitio n  
by m ore in te l lig e n t  w ork m an sh ip  an d  by a sso c iatin g  
th e  in d u s tr ie s  of E n g la n d  m ore closely w ith  th e  
ad v an ce  of science. H e  was su re  th e  I n s t i tu te  
would b e a r  th e  advice  o f L ord  Jo icey  in  m ind . I f  
he h im self m ig h t speak  of i t  from  th e  U n iv e rs ity  
en d , he  would say t h a t  he  th o u g h t th e  association  
o f in d u s try  w ith  science was go ing  to  be of d is
t in c t  benefit to  science as well as to  in d u s try . H e 
hoped th e  I n s t i tu te  would a lw ays ta k e  a  w ide view 
of science and  w ould n o t co n sider m erely  th e  d irec t 
a n d  com m ercial, a p p lic a tio n  of i t ,  b u t  w ould realise  
t h a t  i t  was p u re  science w hich w as m a te ria l  and  
w hich  h ad  in  th e  p a s t  proved  to  be of th e  g re a te s t  
u t i l i ty  to  m an k in d . R esearches which w ere  p u r 
sued  o n ly  fo r th e  sake of e x p an d in g  th e  bounds 
of know ledge, a n d  fo r th e  sak e  of t r u th  alone, 
h a d  in  th e  course of tim e  proved  to  he usefu l to  
th e  v ery  h ig h es t degree. T here  w as a  tim e , for 
in stan ce , w hen entom ology was spoken o f w ith  a 
so r t  of lau g h , as th e  m ost useless o f th e  sciences, 
a n d  th e  c a r ic a tu r is t  who w ished to  m ake cheap 
fu n  of science fo u n d  n o th in g  eas ie r th a n  to  d raw  
a p ic tu re  of a  spec tacled  m an  of science ru sh in g  
o ver th e  c o u n try  w ith  a  b u tte rf ly  n e t. T h a t  was 
supposed to  he ty p ic a l of th e  fu t i l i ty  of p u re  
science. Now, how ever, i t  is common know ledge 
t h a t  a  g r e a t  m an y  of th e  diseases from  w hich  m an 
k in d  h as suffered  m ost w ere  in sect-h o rn  diseases, 
an d  a know ledge o f en tom ology  h a d  p roved  th e  
m eans of m ee tin g  such te r r ib le  m alad ies as 
m a la ria , p lag u e , sleepy sickness, yellow fever, and  
m an y  o th ers . E ven  a know ledge of en tom ology is 
now possessed by m an y  laym en .

■Sir ,'Theodore th e n  re fe r re d  to  th e  so lu tio n  of 
m an y  in d u s tr ia l  p roblem s w hich  h ad  been in v es ti
g a te d  by  P a s te u r  as th e  re su l t  of h is scientific  
researches, and  said he  was convinced t h a t  i t  was 
in th e  f r u i t f u l  assoc iation  of in d u s try  an d  science 
th a t  b o th  in d u s try  and  science would g e t th e  host 
rew ard .

The to a s t  was received  w ith  acc lam ation .
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Science in Industry.
T h e  R i g h t  H o n o u r a b l e  L o r d  J o ic e y , re sp o n d 

ing; sa id  t h a t  all in d u s tr ie s , in  w h a te v e r  p a r t  ot 
th e ’co u n try —he m ig h t a lm o st say  th e  w orld— w eie 
p r e t ty  m uch in  th e  sam e p o sitio n  as th e  re su lt or 
th e  G re a t W ar. T h ere fo re , w hen he  spoke 
to a s t  he  f e l t  h e  w as sp e a k in g  upon  a  su b je c t which 
was of v i ta l  in te re s t  to  a ll p re se n t, an d  to  an  
th o se  th ro u g h o u t th e  co u n try  who w ere connected 
w ith  th e  im p o r ta n t  in d u s tr ie s  w hich w ere  c a rried  
on. In  th a n k in g  S i r  T heodore  M orison fo r th e  
k in d  m an n e r in  w hich  h e  h ad  proposed  th e  to as t, 
he  sa id  he  w as v e ry  g lad  indeed  to  find t h a t  feir 
T heodore  w as a t  th e  h ead  of th e  U n iv e rs ity  a t  
N ew castle , to  w hich th ey  owed so m uch, an d  to 
w hich th e y  w ere looking fo r  so m u ch  in  th e  fu tu re . 
I n  th ese  days science p lays a n  ¡im portan t p a r t  in 
o u r in d u s tr ie s ;  in  fa c t ,  science w as g o in g  to  ru le  
th e  world. In  th e  w ar we h a d  -fought th e  enem ies 
successfully by sc ien ce ; in  p eacefu l occu p a tio n s we 
used science. O u r ships w ere th e  b est ¡ships in  th e  
w orld owing to  th e  science d isp layed  in  th e i r  con
s tru c tio n  and  n av ig a tio n . I t  w as th e  sam e  w ith  
o u r in d u strie s . I f  we w ere  a n x io u s  to  m a in ta in  
th e  g re a t  re p u ta tio n  w hich th is  c o u n try  -had h a d  
in  th e  world in  th e  p a s t, dep en d  u p o n  i t  w e sh o u ld  
have  to  m ake use of science to  th e  v e ry  g re a te s t  
e x te n t we could. W e h ad  -had g re a t  c o m p e titio n  
to  m eet. G erm any w as o u r g r e a t  co m p e tito r . 
W hy ? I t  w as n o t t h a t  th e  w o rk in g  mem of G er
m any  w ere m ore sk ilfu l o r  b e t te r  w o rk e rs  th a n  

'  ours, or th a t  th e  m en who co n tro lled  th e se  in d u s 
tr ie s  w ere m ore  clever. T h e  re a l reaso n  w as t h a t  
th e  G erm ans app lied  science m ore to  th e i r  v a r io u s  
in d u strie s , w ith  th e  re su lt  t h a t  th e y  w ere  ab le  to  
p roduce ch eap er goods, an d  to  su p p ly  th e  w orld  
an d  d is tr ic ts  w here we h ad  been accustom ed to  be 
p rac tica lly  p red o m in an t.

Strikes and industry.
A gain, we w ere suffering  fro m  th e  c h ao tic  con

d itio n  of th e  w orld’s exohanges, a n d  i t  w as a  very  
d ifficult m a tte r  to  see how we w ere  g o in g  to  a lte r  
th a t .  G overnm ents w ere  t ry in g  to  a l te r  i t ,  h u t  so 
f a r  h a d  n o t m et w ith  very  m u ch  success. A g a in , 
th e re  w ere s tr ik es  in  every  in d u s try , a ll o ver th e  
c o u n try . S u re ly  i t  was th e  d u ty  of t h e  G o v ern 
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m en t, if  a n y  d u ty  i t  h ad , to  t r y  to  in tro d u c e  some 
m eth o d  of av o id in g  th ese  s tr ik e s . W e d id  n o t 
w a n t to  adopt, th e  m eth o d s of M ussolin i. H e  had  

' seen i t  s ta te d  t h a t  th e  y e a r b e fo re  S ig n o r M usso
lin i  h a d  ta k e n  com m and of th e  I ta l ia n  G overn
m e n t th e re  w ere  be tw een  seven a n d  e ig h t  m illion  
d ay s’ w ork  lost by s tr ik e s . T he f irs t y e a r  in  w hich 
he  h a d  ta k e n  com m and th e re  w ere  som eth ing  
u n d e r  250,000. S u re ly , if S ig n o r M ussolin i could 
do th a t ,  i t  should  n o t be beyond  th e  pow er of our 
G o v e rn m en t to  do i t ,  p a r tic u la r ly  a  L ab o u r 
G o v ern m en t, who p re te n d e d  to  u n d e rs ta n d  th ese  
m a t te r s  b e t te r  th a n  th e  lead ers  of in d u s try .

S ir  T heodore  M orison  h a d  spoken  a b o u t 
m icrobes. H e  (L ord  Jo icey ) could  n o t h e lp  th in k 
in g  th a t ,  i f  th e re  w ere  a  m icrobe affec tin g  n e a rly  
a ll c lasses to -d ay , he  w ould  call i t  a  m icrobe of 
slackness, an d , if  anybody  cou ld  a d o p t a  m eans to  
g e t r id  of t h a t  u n fo r tu n a te  m icrobe, w e shou ld  see 
a  v ery  g r e a t  ohange indeed  in  th e  in d u s tr ia l  posi
t io n  of th is  c o u n try . As a n  i l lu s tra tio n  o f th e  
effect o f slackness, h e  re fe r re d  to  th e  in a b ility  to  
solve th e  ho u sin g  p rob lem , an d  m ad e  an  ap p ea l to  
th e  t r a d e  u n io n s in  th is  co n n ec tio n . H e  believed 
t h a t  th e re  w as  no  o n e  m o re  responsib le  a t  th e  p re 
s e n t t im e  fo r  th e  sh o rta g e  of houses th a n  th e  
b u ild in g  o p e ra tiv e s  them selves.

I n  conclusion , h is  L ord sh ip  expressed  th e  hope 
t h a t  th e  p ro sp ec t m ig h t  be b e tte r  th a n  h e  a n tic i
p a te d . H e  was n o t a pessim is t by  an y  m ean s, b u t 
a  n a tu r a l  o p tim is t, b u t  w hen he saw  fac ts  before  
h im  he h ad  a lw ays been accustom ed to  ju d g e  from  
th o se  fa c ts .

The Work of the Institute, v
D r . J .  T . D u n n  th e n  p roposed  th e  to a s t  of 

“  T h e  I n s t i tu te  o f B r i tish  F o u n d ry m e n ,”  in  th e  
absence of M r. S um m ers H u n te r ,  C .B .E ., J .P . ,  
who w as to  hav e  p roposed  i t ,  b u t  bad  been 
d e ta in e d  in  L ondon  on im p o r ta n t  business.

M r. D u n n  sa id  he  d id  n o t know  w h a t  qua lifica
tio n s h e  possessed fo r p ro p o sin g  th e  to a s t,  o th e r 
th a n  th e  v e ry  e ssen tia l one of n o t be in g  a  m em ber 
of th e  I n s t i tu te ,  a n d , i f  he  show ed no  o th e rs , he 
could only c rav e  th e  in d u lgence  of h is  h e a re rs  fo r 
h is fa ilu re  to  p e rfo rm  ad eq u a te ly  a  d u ty  so su d 
den ly  im posed upon  h im . H e  knew  l i t t le  o f th e  
In s t i tu te ,  b u t,  fro m  th e  l i t t le  h e  d id  know , i t
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seem ed to  be, in  one re sp ec t a t  le a s t, u n ique  
am ong o u r tech n ica l an d  sc ien tific  soc ie ties . ( o f  
long th e  re p ro a c h  h a d  been h e a rd  of B ritish  
in d u s try  t h a t  i t  w as n o t con d u cted  on scientific 
p r in c ip les , b u t  t l i a t  i t  depended  upon  rule-of- 
th u m b . T h e re  could  be no q u estio n  t h a t  an 
in d u s try , to  be th o ro u g h ly  successful, o u g h t to  be, 
a n d  m u st be, co nducted  upon  scien tific  p rincip les . 
Science m u st p la y  i ts  p a r t ,  an d  we m u st, in  order 
to  p e rfo rm  th e  necessary  o p e ra tio n s  successfully) 
u n d e rs ta n d  th e  why an d  th e  w herefo re  of them . 
B u t, w h ilst th a t  was th e  case, possibly th e  rule-of- 
th u m b  h ad  been a l i t t le  u n d e r-ra te d . I n  eveiy  
in d u stry , m an y  of th e  w orkm en w ho b a d  to  con
d u c t th e  m an u a l o p e ra tio n s  w ere d e s t i tu te  of a u j  
scientific  know ledge of th e  p roblem s w hich u n d e r
lay  t h a t  in d u stry . B u t, a t  th e  sam e tim e , th o u g h  
th ey  worked by ru le-o f-thum b, th ey  h a d  a te c h 
nical knowledge and  d e ftn ess  o f m an ip u la tio n  
which was possessed by no one else. T h a t  w as 
perhaps th e  case to  a  v a ry in g  e x te n t,  acco rd ing  
to  th e  age of th e  in d u s try . The fo u n d ry  in d u s try  
was a very  a n c ien t one. I t  d a te d  back  a t  le a s t 
to  th e  day's of T ubal C ain , a n d  if  in  one in d u s try  
m ore th a n  in  o th e rs  th ey  h ad  a ccu m u la ted , u n d e r  
th e  ru le-of-thum b, an  a m o u n t of t r a d i t io n  a n d  an  
am ount of experience, which w as t r a n s m i t te d  
th ro u g h  th e  w orkm en, to  a g re a te r  e x te n t  th a n  in  
m any o th e r in d u strie s , i t  w as in  th e  fo u n d ry m e n ’s 
in d u stry . I t  would be a foo lish  th in g , in  
endeavouring  to  apply  scientific  p rin c ip le s  to  th e  
industry , to  neg lect o r to  th ro w  on one side  all 
th a t  v a st mass of accu m u la ted  e x p erien ce  a n d  
de ta iled  knowledge, an d  w h a t a p p ea red  to  be  th e  
d is tin g u ish in g  fe a tu re  of th e  I n s t i tu te  of B r i tish  
F oundrym en was th a t  i t  d id  n o t n eg lec t t h a t ,  b u t  
th a t  i t  had  endeavoured , th ro u g h  its  m em bersh ip , 
to  include the  whole. The m em bersh ip  co n sis ted  
no t only of th e  con tro llers and  g u id in g  s p ir i ts  o f 
th e  in d u s try : n o t only of th e  chem ists w ho su p e r
vised th e  w ork and  h a d  an in s ig h t in to  th e  p r in 
ciples und erly in g  th e  whole o f i t ;  n o t  o n ly  th e  
forem en, who superv ised  th e  o p e ra tio n s  of th e  
fo u n d ry ; h u t also th e  w orking m en— th o se  who 
actu a lly  perfo rm ed  th e  m an u a l o p e ra tio n s . T h a t  
showed th a t  th e  I n s t i tu te  of B r i t ish  F o u n d ry m e n  
had  ta k e n  th e  very  b est course to  e n su re  t h a t
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fo u n d ry  w ork in  th e  fu tu re  should  be founded  
upon sc ien tific  p rin c ip les , a n d  should  p ro sp e r and  
succeed. The v e ry  wise K in g  Solom on h ad  sa id  : 
“  H a p p y  is th e  m an  t h a t  fin d e th  w isdom  an d  th e  
m an  t h a t  g e tte th  u n d e rs ta n d in g , for- th e  m er
c h an d ise  of i t  is b e t te r  th a n  th e  m erch an d ise  of 
silver, an d  th e  g a in  th e re o f  th a n  fine g o ld .”

I t  seem ed th a t  th e  I n s t i tu te  of B ritish  F o u n d ry - 
m en h ad  fo u n d  w isdom , and  h ad  en d eav o u red  to  
g e t an  u n d e rs ta n d in g  of all th e  p rin c ip les  which 
u n d e rla y  i ts  w o rk ; su re ly  th e y  m ig h t w ish i t  God
speed in  i ts  efforts.

American Foundry Conditions.
T h e  P r e s i d e n t , who, w hen r is in g  to  respond , was 

g re e ted  w ith  loud cheers, sa id  he h a d  seldom  h e a rd  
th is  to a s t  proposed  in  b e t te r  form . D r. D u n n  h ad  
re fe r re d  to  th e  va lue  of science in th e  in d u s try , and  
he ( th e  P re s id e n t)  th o u g h t t h a t  th ey , as an  I n s t i 
tu te ,  could b o ast o f h a v in g  in s t i tu te d  sc ience in  
th e ir  fo u n d ries  a n d  th e re b y  h a v in g  g a in e d  e n o r
m ous b enefit to  th e  in d u s try . T hey  w ere p r im a r ily  
responsib le  fo r  th e  fo rm a tio n  of th e  B r i tish  C ast 
I ro n  R esearch  A ssoc ia tion . M any  o f th em  knew  
all ab o u t it, b u t  som e m ay n o t know  t h a t  in  th is  
c o u n try  th e r e  is  an  A ssocia tion  e n tire ly  fo r th e  
p u rp o se  of c a rry in g  o u t re sea rch es in to  th e  very  
com plex question  of c a s t  iro n  a n d  o th e r  fo u n d ry  
problem s.

T hey  h ad  w ith  th e m  t h a t  ev en in g  M r. P e a rce , 
D ire c to r  o f th e  B r itish  O ast Iro n  R esearch  Asso
c ia tio n , and  i t  was w ith  g re a t  p lea su re  t h a t  he  ex
ten d e d  to  him  a  w arm  welcome. M r, P e a rce  is 
do in g  v a lu ab le  w ork  fo r  th e  in d u s try , an d  he  ( th e  
P re s id e n t)  h ad  r>■> d o u b t t h a t  w ith in  a  ve ry  few 
y e a rs  th ey  would be  in  a  b e t te r  p o sitio n  in  th is  
re sp ec t th a n  th ey  a re  to -day . They also h a d  th e  
h e a r ty  in te re s t  of such m en  as P ro fesso r T u r n e r ; 
indeed , th ey  h a d  h a d  a p a p e r  by  one o f h is pup ils . 
P ro fesso r T u rn e r  has done im m ense w ork upon c a s t 
iron , and  his books an d  p a p e rs  a re  u n iq u e  an d  very  
va luab le . T hey  also h ad  w ith  th e m  re p re se n ta tiv e s  
from  A m erica, F ra n c e  an d  H o llan d . T h is , n a tu r 
ally . w en t to  show th e  s tr id e s  t h a t  h ad  been m ade 
by tlie  I n s t i tu te .  H e  th o u g h t  be was r ig h t  in say
ing t h a t  th e ir s  w as th e  f irs t F o u n d ry m e n ’s I n s t i tu 
tio n  in  th e  w orld, an d  t h a t  o th e r  c o u n trie s  h a d  
copied, an d  a r e  still copy ing , th e i r  exam ple. On

c
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th e  o th e r  h an d , sp eak in g  o f th e  p ra c t ic a l  work, 
a p a r t  f ro m  science, he  th o u g h t  th e y  w ere to  be 
c o n g ra tu la te d  upon  th e  class o f  w orkm en th ey  had  
in  G re a t B r i ta in .  L o rd  Jo ic e y  h a 4  c e r ta in ly  given 
th em  so m eth in g  to  th in k  a b o u t, b u t  he  ( th e  P re s i
d e n t)  h a d  g re a t  hopes an d  g re a t  fa ith  in o u r m en, 
a n d  th o u g h t t h a t  th e y  w ere u n d o u b ted ly  th e  m ost 
h igh ly  sk illed  m en, w ith o u t e x cep tio n . H e  had 
p a id  a  v is i t  to  th e  S ta te s  som e y e a rs  ago, and  was 
g re a t ly  s tru c k  by th e  fa c t  t h a t  th e  w o r k m e n  th e re  
who w ere do ing  th e  in tr ic a te  class o f w ork in  th e  
fo u n d rie s  w ere B ritish e rs , b u t  he  m u s t a d m it t h a t  
a la rg e  p e rc e n ta g e  of th em  w ere Scotsm en. 
(L au g h te r .)

A t  th e  sam e tim e , h e  would say  t h a t  o u r A m eri
can fr ien d s  stood p re d o m in an t as re g a rd s  re p e t i
t io n  work, h u t, to  be f a i r  a g a in , h e  th o u g h t th ey  
h ad  been d riv en  in to  th a t  p o sitio n  because th e y  
had  n o t th e  h ig h ly  sk illed  m en av a ilab le  th e re . T hey  
h ad  h a d  to  m ak e  th e ir  c a s tin g s  by  m a c h in e ry  
because of th e i r  lack of sk illed  labour.

M en tion  has been m ade  of th e  w ide ra n g e  of th e  
o u tp u t  of fo u n d ries  in  th is  c o u n try . A t  h is  ow n 
firm th e y  m ade  e a s tin g s  ra n g in g  from  sash -w eig h ts  
to . tu rb in e s , a n d  he th o u g h t  t h a t  on  T y n es id e  th e  
workm en w ere as h ig h ly  sk illed , an d  tu rn e d  o u t  as 
h igh  a  class o f  w ork as any  o th e rs  in  th is  c o u n try .

Education Facilities not Available.

E d u ca tio n  h a d  been to u ch ed  u p on , a n d  th e y , as 
an  I n s t i tu te ,  w ere g re a tly  co n cern ed  a b o u t  th e  
educa tion  of th e  y o unger m en  in  th e  fo u n d ry . They 
would like  some so r t  of classes to  be in a u g u ra te d  
for th e  educa tion  o f those boys. A y e a r  o r  tw o  ago 
th e  N ew castle B ran ch  ap p ro ach ed  th e  E lu c a tio n  
A u th o ritie s  of N ew castle  to  see if  som e so r t  of 
p o p u lar lec tu res  m ig h t he  a rra n g e d  fo r  th e  b enefit 
of those boys, a n d  to  g ive  th em  in te re s t  in  th e  e le 
m en ta ry  science of th e  business. T h ey  received  
th e  an sw er: “  Yes, we can  do t h a t ,  b u t .  of course, 
th e  boys will have  to  m a tr ic u la te  b e fo re  th ey  can 
do a n y th in g .”  H e  ( th e  P re s id e n t)  w ould lik e  to  
know how m any  of th o se  p re se n t  t h a t  ev en in g  
could go th ro u g h  a m a tr ic u la tio n  e x a m in a tio n . H e 
th e re fo re  th o u g h t th a t  i t  w ould devolve u p o n  th em 
selves to  in s t i tu te  classes to  s u i t  th e i r  own m en.
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Inadequate Engineering Support.
F o r  m an y  y e a rs  th e  fo u n d ry  in d u s try  h a d  been 

th e  C in d ere lla  o f a ll th e  e n g in e e r in g  tra d e s .  T hey 
had  n e v er h ad  an  a d e q u a te  p rice  fo r  th e ir  p ro d u c ts , 
and  th e  re su l t  h a d  been, an d  s till  is, t h a t  th ey  
w ere h a rd  u p . T h ey  sim ply  could n o t  a ffo rd  an y  
m oney to  co n d u c t researches. T h ere  w ere th o u 
san d s of fo u n d rie s  w hich  o u g h t to  h av e  la b o ra 
to rie s , h u t  cou ld  n o t  affo rd  th em . T h ere  a re  ab o u t 
th re e  th o u sa n d  fo u n d rie s  in  th is  co u n try , a n d  how 
m an y  o f th e m  h a d  n o t  jo in ed  th e  B r i t ish  C a s t I ro n  
R esearch  A ssoc ia tion  because  th e y  could  n o t  affo rd  
i t?  H e  th o u g h t t h a t  th is  was a v e ry  dep lo rab le  
s ta te  o f a ffa irs. C a s t iro n  was a v ery  com plex 
m a te ria l,  an d  we re a lly  could n o t  do w ith o u t m e ta l
lu rg is ts , h u t  we rea lly  cou ld  n o t  afford  them . 
T h ere fo re , we should  h av e  to  h av e  b e t te r  p rice s  
from  o u r eng in eers . T h e  I n s t i tu t e  o f B r i tish  
F o u n d ry m e n  was v e ry  d e a r  to  h im , a n d  i t  h ad  
h e lped  th e  in d u s try  im m ensely.

In  conclusion, h e  w ished to  say  t h a t  h e  w as v ery  
m uch in d eb te d  to  D r. D u n n  fo r  th e  v ery  ab le  way 
in  w hich h e  h a d  proposed  th e  to a s t,  an d , on  b eh alf 
of th e  m em bers, h e  w ished to  th a n k  him .

The Guests.
M r . O l i v e r  S t u b b s , P ast.-P res id en t, proposed  th e  

to a s t  of “  O u r G u ests ,”  an d  said  how  v ery  m uch 
th e  I n s t i tu t e  a p p re c ia te d  th e i r  p resence . T h e  
I n s t i tu te  h a d  n ev er h a d  such a sp len d id  g a th e r in g  
as th e y  h a d  on t h a t  occasion, an d  h e  was d e lig h ted  
to  see a ll th e  g u ests. T h e  I n s t i tu te  c la im ed  t h a t  
i t  w as e n ti t le d  to  th e  p resen ce  o f th e  guests, 
because  i t  h a d  been  w o rk in g  v e ry  h a rd  fo r  a  long 
tim e  w ith  v e ry  poor reco g n itio n  from  th e  heads 
of in d u s try . T h e  w ork i t  was d o ing  was o f a  m ost 
im p o r ta n t  n a tu re .  H e  c la im ed  t h a t  i f  we took  th e  
w ork ing  classes o f th is  c o u n try  a n d  g o t th e  th in k 
ing  classes to  ta lk  to  th em  an d  e d u c a te  th em , th ey  
would g ive o f th e i r  best. I t  w as e n tire ly  th e  fa u l t  
of th e  th in k in g  classes if  th ey  allow ed o th e r  people 
to  ta k e  th e  w orkers in  h a n d , an d  he  asked  th e  
guests, p a r tic u la r ly  those  in te re s te d  in  th e  e n g i
n e e rin g  in d u s try , t h a t  th e y  would g iv e  th e  I n s t i 
tu te  in  th e  f u tu r e  v e ry  m uch g re a te r  su p p o r t th a n  
th ey  h a d  done in  th e  p as t.

Am ong th e  m any  gu ests  p re sen t he  m en tio n ed
c 2
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L ord J o k e y , th e  R ev . C anon  G. E . Newsom  (V icar 
of N ew castle), and  S ir  A rc h ib a ld  R oss. I n  reg ard  
to  th e  la s t  nam ed , he  sa id  t h a t ,  from  h is experience 
o f S ir  A rch ib a ld , th e  I n s t i tu t e  h ad  in  h im  a very 
exce llen t c h a ra c te r ,  a n d  one which m an y  o f them  
m ig h t en d eav o u r, a s  fa r  as possib le, to  copy. I 
h ad  been h is p r iv ile g e  on  m an y  occasions to  listen  
to- S ir  A rch ib a ld  R oss w hen m a t te r s  of ex trem e 
im p o rtan ce  h ad  been  u n d e r  d iscussion, an d  he had  
n ev er found  t h a t  in  a n y  case  h a d  he baben a m  - 
th in g  b u t  an  im p a r t ia l  view , a n d  h ad  alw ays en
d eavoured  to  g ive  th e  ve ry  b e s t ju d g m e n t.

On b eh alf of th e  In s t i tu te ,  he a g a in  expressed  
th a n k s  to  th e  g u ests  fo r th e i r  p resen ce , and  com 
p lim en ted  th e  N ew castle  B ra n ch  upon  th e  fa c t 
t h a t  th e y  h a d  been ab le  to  assem ble so m an y  im 
p o r ta n t  gu ests . H e  coupled  w ith  th e  to a s t  th e  
nam e o f S ir A rch ibald  Ross.

British Power Producing Plants.
S i r  A r c h i b a l d  R o ss , resp o n d in g , sa id  he  lik ed  

to  th in k  th a t  th e  reason  he  was asked  to  re sp o n d  
to  th e  to a s t  w as because he  was P re s id e n t  of th e  
N o rth -E a s t C oast I n s t i tu t io n  o f E n g in e e rs  a n d  
S h ipbu ilders. O ne m ig h t say, “ W h a t a re  a ll th e se  
In s t i tu te s  do ing , w ith  b an q u ets , b ean o s , speeches, 
e tc .?  ”  H e, h im self, w as aw are  o f th e  w ork  w hich  
th e  I n s t i tu te  of B r i tish  F o u n d ry m e n  w as d o in g  on  
th e  tech n ica l side of th e  p rofession , a n d  to o  m uch  
stress could  n o t be la id  upon  th a t .  L o rd  Jo ic ey  
h ad  said t h a t  i t  was n o t ow ing to  th e  s u p e r io r ity  
o f her w orkm en t h a t  G erm any  w as fo rg in g  a h e a d  
before  she h a d  m ade th e  g re a t  m is ta k e  o f  h e r  h is 
to ry , b u t  t h a t  i t  w as because of su p e r io r  te c h n ic a l 
know ledge. T hough  h e  ag reed  w ith  L o rd  Jo icey  
as to  th e  w ickedness a n d  idiocy of r e s t r ic tio n  o f 
o u tp u t, he  would n o t a d m it t h a t  we w ere la c k in g  in  
techn ica l ed u ca tio n , b u t  h e  d id  say th a t ,  a t  th e  
p re sen t tim e , m ore th a n  ever b efo re , is i t  neces
sary  to  advance e d u ca tio n  because o f th e  g r e a t  
advances t h a t  a re  b e in g  m ade in  th e  e n g in e e r in g  
in d u s try  ; an d  i t  was because of th e  c ry in g  neces
sity  for econom y th a t  we h a d  to  seek" fo r b e tte r  
re su lts  a n d  h ig h e r efficiencies in  all p o w er-p roduc
ing  p lan ts . B ecause of t h a t ,  we h a d  to  h av e  r e 
course to  su p e rh ea t, to  th e  b e tte r  use o f o il a n d __
a lth o u g h  L ord  Jo icey  m ig h t re g re t  i t— to  th e  less 
use o f coal, a n d  i t  was because  of th ese  advances
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w hich w ere be in g  m ade , which w ere to  re su lt  in  
g e t t in g  m ore pow er fo r less .fuel, t h a t  th e  en g in e e r
ing  in d u s try  h a d  to  look to  th e  m oulder to  g ive it  
m ore com plica ted  cas tin g s  th a n  in  th e  p a s t. The 
P re s id e n t  h ad  sa id  t h a t  en g in eers  d id  n o t p ay  an 
a d e q u a te  p rice  fo r c a s tin g s . H e  (S ir  A rch ibald) 
would say  t h a t  en g in e e rs  d id  n o t g e t a n  a d eq u a te  
p rice  fo r eng ines e ith e r.

I n  conclusion, he  ex p ressed  th e  th a n k s  o f th e  
g u ests  fo r  th e  h o sp ita li ty  e x ten d ed  to  them .

The Chairman.
M r. W e s l e y  L a m b e r t  proposed th e  final to a s t  of 

th e  ev en in g , t h a t  o f “ T h e  C h a irm a n ,”  which, he 
said, he  p roposed  w ith  a very  g re a t  deal o f p leasu re . 
On b eh alf of th e  G en era l C ouncil, of which h e  was 
a  m em ber, he could say  th ey  h a d  no m isg iv ings a t  
a ll t h a t  th e  P re s id e n t  th is  y e a r  w ould see them  
th ro u g h  h is  y e a r  of office w ith  every  c re d it  to  h im 
self a n d  to  th e  In s t i tu te .  H e  (M r. L a m b e rt)  h ad  
no fe a r  a t  all t h a t  th e re  were an y  difficulties which 
th e  P re s id e n t  w ould n o t p lough  th ro u g h . T h ere 
fo re , he  h a d  g re a t  p lea su re  in  p ro p o sin g  th e  to a s t  
of th e  P re s id e n t  of th e  In s t i tu te .

T he to a s t  was received  w ith  m usical honours.
T h e  P r e s id e n t , in  a  b rie f  response, th a n k e d  th e  

assem bly fo r th e  w ay in  w hich th e  to a s t  w as re 
ceived, an d  took  th e  o p p o r tu n ity  of ex p ress in g  
th a n k s  to  th e  C onven tion  C om m ittee  fo r  th e  way 
in  w hich  th e  b a n q u e t h a d  been c a rr ie d  o u t. In  
p a r tic u la r ,  he  m en tio n ed  M r. Colin G resty  (S ecre
ta r y  of th e  C onven tion  C o m m ittee)— (ap p lau se )— 
upon  whose shou lders th e  b u lk  of th e  w ork  h ad  
fa llen . In d e ed , he h a d  w orked  like  a n ig g e r, w ith  
th e  re su lts  w hich w ere so a p p a re n t.  M r. G restv  
h ad  ta k e n  all th e  w ork from  h is (th e  P re s id e n t’s) 
shoulders.

An exce llen t m usical p ro g ram m e w as ren d ered  
d u r in g  th e  ev en ing , an d  th e  b a n q u e t ended  by th e  
s in g in g  o f “  A uld  L an g  Syne ”  an d  “  T he N a tio n a l 
A n th e m .”

SECOND DAY.
On T h u rsd ay  m o rn in g  th e  conference  w as con

t in u e d  in  th e  L ec tu re  T h e a tre  of th e  L ite ra ry  and  
Ph ilosoph ica l Society . T he P re s id e n t occupied 
th e  ch a ir. A fte r  th e  d iscussion  011 M r. A. L o g an ’s 
P a p e r  on  “  N o n -F erro u s Alloys in M arin e  
E n g in e e r in g ,”
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T h e  P r e s id e n t  an n o u n ced  th e  re c e ip t o f a  l e t t e r  
of c o n g ra tu la tio n s  from  th e  P re s id e n t  o f th e  
I ta l ia n  F o u n d ry  A ssocia tion .

An American Appreciaton.
M r . H . D. M i l e s , of B uffalo, U .S .A . (P a s t-  

P re s id e n t  of th e  A m erican  F o u n d ry m e n ’s Associa
tio n ) , who was p re se n t, th e n  ad d ressed  th e  m eet
ing , on  th e  in v ita tio n  o f th e  P re s id e n t. W hen  it 
was know n t h a t  h© w as com ing to  th is  co u n try , he 
sa id , th e  S ec re ta ry  of th e  A m erican  F o u n d ry m e n  s 
A ssocia tion  h a d  asked  him  to  a tte n d  th e  C onven
tio n , and  he h a d  been’ very  g lad  to  do so. S p eak 
in g  o f th e  v is it  of th e  A m erican  fo u n d ry m en  to  
th is  co u n try  la s t  y ea r, he  sa id  t h a t  all th o se  who 
h a d  come ov er h a d  expressed  th e ir  v e ry  g re a t 
p lea su re  a t  th e  way in  which th ey  w ere  t r e a te d ,  
an d  th e  in te re s tin g  th in g s  th ey  h a d  seen . M r. 
M iles th e n  re a d  th e  t e x t  o f a n  i llu m in a te d  add ress , 
which h ad  been p re p a re d  an d  signed  by th e  P r e s i 
d e n t an d  S e c re ta ry  o f th e  A m erican  F o u n d ry m e n ’s 
A ssociation, and  was to  be  p re sen te d  to  th e  I n s t i 
tu te  of B ritish  F o u n d ry m en . I t  w as as fo llow s: —  
“ To th e  C ouncil an d  M em bers of th e  I n s t i tu t e  of 
B ritish  F o u n d ry m e n : M r. O liver S tu b b s , i ts
P re s id e n t;  M r. R . 0 .  P a tte r s o n , i t s  S en io r V ice- 
P re s id e n t;  M r. E . H . B ro u g h a ll, i ts  J u n io r  V ice- 
P re s id e n t;  an d  M r. W . G. H o llin w o rth , i t s  S ec re 
ta ry . W e, th e  B oard  o f D ire c to rs  of th e  A m erican  
F o u n d ry m en ’s  A ssociation , a t  o u r  f irs t m e e tin g ' 
a f te r  th e  v is it  of o u r  officers an d  c e r ta in  o f  o u r  
m em bers to  y o u r shores, on  th e  occasion of th e  
In te rn a tio n a l  C ongress of F o u n d ry m e n , he ld  a t  
P a r is , S ep tem ber 12 to  15, 1923, h av e , by  u n a n i 
m ous acclaim , d irec ted  t h a t  th is  te s tim o n ia l be 
tra n s m itte d  to  you. V erb a l expressions, by  those  
of us who en joyed  y o u r  generous h o sp ita l i ty  a n d  
d e lig h tfu l com radesh ip , h a v e  been m ade.

‘ ‘ To th ose  in d iv id u a l expressions we w ould  add  
o u r  sincere  an d  h e a r t f e l t  collective a p p rec ia tio n . 
To th e  joy of p e rso n al frien d sh ip s fo rm ed , th e  
happ iness engen d ered  by  in n u m erab le  a tte n tio n s  
an d  d is tin g u ish in g  e n te r ta in m e n t, w as ad d ed  th e  
sense of k in sh ip  an d  consonance of pu rp o se . I t  
was an  in sp ira tio n  to  f ra te rn is e  w ith  those  who 
th in k  stro n g ly , a t te m p t  fearlessly , an d  accomplish 
m as te rfu lly  w ith  m ag n a n im ity . A llied by  blood, 
speech an d  s im ila r  idea ls, m ay w e em brace  every
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o p p o r tu n ity  to  pool o u r p lea su re s as well as tlie  
p rob lem s t h a t  b ese t o u r calling , t h a t  difficulties 
m ay  be b rav e ly  m et a n d  wisely overcom e. M ay 
m u tu a l esteem  and  p u rpose , seasonab ly  p lan ted , 
bloom a n d  b r in g  fo r th  f r u i t .

‘‘ W e ask  t h a t  you accep t th is  official expression  
as th e  co m posite  o f m an y , w ith  w ishes of hap p in ess  
an d  p ro sp e r ity  to  each  of you, to  y o u r In s t i tu te ,  
a n d  to  y o u r g re a t  n a tio n .

“  T h e  A m e r ic a n  F o u n d r y m e n ’s A s s o c ia t io n . ”
C o n tin u in g , M r. M iles sa id  he  was g lad  to  be 

ab le  to  p re se n t th e  t e x t  of th e  ad d ress  a t  th a t  
m ee tin g , w hen so m an y  m em bers of th e  B ritish  
fo u n d ry  in d u s try  w ere assem bled to g e th e r. R e 
fe r r in g  to  th e  fo rth co m in g  co n v en tio n  o f th e  
A m erican  F o u n d ry m e n ’s A ssocia tion , on  O ctober 15 
n e x t, he  sa id  th e re  w ere a lw ays a  n u m b er of 
ex h ib its  a t  th o se  conventions, an d  th e y  w ere show 
in g  a  la rg e  n u m b er o f m ach ines w hich w ere m a n u 
fa c tu re d  in  th e  U n ite d  S ta te s  fo r  u se  in  th e  
fo u n d ry  in d u s try . T h is  co m b in a tio n  of p ap ers  
an d  e x h ib its  b ro u g h t a la rg e  a tte n d a n c e , th e re  
be in g  u su a ly  a n  a tte n d a n c e  in  th e  ne ighbourhood  
of 3,000. T h ere  w ere  a  good m an y  P a p e rs , b u t 
n o t v ery  m uch  discussion u p o n  th em , b u t  th e  
a tte n d a n c e  was g re a tly  en h an ced  by reaso n  of th e  
ex h ib its . The l a t t e r  were u n d e r  th e  d ire c t m an 
ag em en t o f th e  A ssocia tion , an d , by  t h a t  m eans, 
th ey  w ere  ab le  to  g e t a  good deal o f rev en u e , w hich 
helped  along  th e  ed u ca tio n a l w ork of th e  o rg a n is a 
tio n . In  conclusion, M r. M iles a g a in  expressed  
his p leasu re  a t  b e in g  ab le  to  a tte n d  th e  C onven tion  
a t  N ew castle .

International Co-operation.
M r . O l i v e r  S t u b b s , resp o n d in g , sa id  i t  was a 

v ery  g ra ti fy in g  finish to  h is  p residency  of th e  
I n s t i tu te  of B r i t ish  F o u n d ry m e n  to  h e a r  from  M r. 
M iles th e  te s tim o n ia l, a  copy o f which, he u n d e r
stood, was b e in g  fo rw ard ed  b y  th e  A m erican  
F o u n d ry m e n ’s  A ssociation  to  each o f those  
b ran ch es o f th e  I n s t i tu te  who h ad  e n te r ta in e d  th e  
m em bers of t h a t  A ssociation  d u r in g  th e ir  v is it to  
E ng lan d  la s t  y ear. B u t, if  he m ig h t be  p e rh ap s  
a l i t t le  im p e r t in e n t  he  would lik e  to  say  th a t  
o th e r  b ran ch es, th o u g h  th ey  h ad  n o t had  th e  op p o r
tu n ity  of e n te r ta in in g  th e  A m ericans, w ere none 
th e  less loyal in  th e ir  k in d  re g a rd  to w ard s  them ,
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a n d  he  w ould be g lad  if  th e  A m erican  F o u m h j-  
u .en ’s A ssociation  w ould  be  so good as to  send  <1 
copy of th e  te s tim o n ia l to  each  b ra n c h  of th e  
In s t i tu te .  G re a t s tr id e s  w ere  b e in g  m ade on th e  
in te rn a t io n a l  a sp e c t of th e  fo u n d ry  in d u s try , and  
th ey  all knew  fu ll well t h a t  i t  w as th is  in te rch a n g e  
of o p in io n  t h a t  w as g o in g  to  b r in g  th e  n a tio n s  s ti 
m ore  closely to g e th e r. W e h ad  been  concerned 
o ften  w ith  re g a rd  to  th e  q u estio n  of a n o th e r  big 
w a r ; b u t  h e  w ould say, as he  h ad  sa id  in th e  p as t, 
t h a t  if  th e  people in* th e  d iffe re n t co u n trie s , con
n ec ted  w ith  in d u s try , w ere allow ed to  g e t to g e th e r 
a n d  to  d iscuss th e  m a tte rs  which concerned  th e ir  
in d u s tr ie s  we should  n o t be ta lk in g  ab o u t w ars. 
O u beh alf of th e  I n s t i tu te ,  M r. S tu b b s welcomed 
M r. M iles, w ho occupied a  p ro m in e n t p o s itio n  in  
th e  e n g in e e rin g  w orld  in  th e  S ta te s , an d , he 
believed, as fa r  as th e  S ta te s  w ere  co n cerned , was 
v e ry  inuoh to  be th a n k e d  fo r th e  h igh  p re ssu re  of 
b las t a t  w hich th e y  w ere b r in g in g  th e i r  m e ta l down 
in th e ir  cupolas. The c loser th e  a llian ce  be tw een  
th e  E n g lish -speak ing  n a tio n s , th e  sooner shou ld  we 
g e t to  u n d e rs ta n d  each  o th e r  b e tte r ,  a n d  re ac h  th e  
p o sition  of g iv in g  everybody  c re d it  fo r  good 
in ten tio n s .

M r. S tu b b s th en  re fe r re d  to  a m em b er of th e  
In s t i tu te  of whom th ey  th o u g h t a  g r e a t  d ea l, a n d  
who was re tu rn in g , in S ep tem b er, to  h is  hom e
lan d — A m erica. T h a t w as M r. H . Cole E s tep . 
M r. E step , he sa id , h a d  been  la rg e ly  respo n sib le  
fo r  b rin g in g  a b o u t th is  good fee lin g  be tw een  th e  
U .S .A . and  G re a t B r i ta in ,  an d  th e  I n s t i tu t e  fe l t  
t h a t  his going aw ay w ould be a g r e a t  loss to  th em . 
(H ear, h ea r.)  They hoped he w ould com e hack  
p r e t ty  o ften . I n  fa c t, he  w as com ing  b ack  in  
1926, in w hich y e a r he would be ta k in g  a b o u t 300 
m em bers of th e  I n s t i tu te  of B r i tish  F o u n d ry m e ii 
over to  th e  S ta te s  to  a tte n d  th e  I n te r n a tio n a l  
C onference th e re . The m em bers of th e  I n s t i tu te  
had  va lued  M r. Cole E s te p ’s p re sen ce  in  th is  
c o u n try  v e ry  m uch indeed . T h e  h ig h  id ea ls  an d  
h igh  p rincip les h e  h ad  expressed  h a d  been  a  g re a t  
in cen tiv e  to  them , an d  if  th e  A m erican  fo u n d ry  
in d u s try  sen t someone h a lf  as good to  ta k p  his 
p lace, th e n  th e  in d u s try  in G re a t  B r i ta in  w ould be 
fa ir ly  lucky. F in a lly , M r. S tu b b s  ex p ressed  th e  
hope t h a t  M r. Cole E s te p ’s f u tu r e  w ould  he 
crow ned w ith  p ro sp e rity
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M e. H . C o l e  E s t e p  expressed  h is deop a p p re 
c ia tio n  of th e  re m a rk s  to  w hich M r. S tu b b s  h a d  
g iven  express io n , a n d  re g re t te d  his in a b ility  to  
deal w ith  th em  ad eq u a te ly  a t  a  m o m en t’s no tice . 
B u t  i t  w as well know n t h a t  he h a d  fe lt  v ery  m uch  
a t  hom e in th is  c o u n try , an d  in  a  good m an y  ways 
he w as v e ry  so rry  indeed  to  l>e go ing  back . A m eri
can s w ho caane to  th is  c o u n try  w ere  to  be con
g ra tu la te d  upon  th e ir  good fo r tu n e , and  he could 
h e a r t ily  second e v e ry th in g  t h a t  M r. 'S tubbs h ad  
sa id  w ith  re fe re n ce  to  th e  u sefu lness of a  m u tu a l 
u n d e rs ta n d in g  betw een  th e  tw o n a tio n s .

Convention Committee Thanked.
A fte r  th e  v a rio u s  P a p e rs  h ad  been  discussed, 

C o l o n e l  W . E . C h e e s e w r i g h t , D .S .O ., ro se  to  
p ro p o se  a  h e a r ty  v o te  of th a n k s  to  th e  P re s id e n t 
a n d  th e  C onv en tio n  C om m ittee , an d  took  th e  
o p p o r tu n ity  of en d o rsin g  th e  re m a rk s  m ade e a r lie r  
by M r. S tu b b s in  re g a rd  to  M r. Cole E step , and  
sa id  th a t ,  in  th e  course  of so m eth in g  like  th i r ty  
y e a rs  of jo u rn a lism , he  h ad  seldom , if  ev e r, m e t  a 
m an  w ho com bined such a  c h a rm in g  p e rso n a lity  
w ith  such  efficiency as- d id  M r. Cole E s tep . T h ere 
fo re , i t  gave  h im  v ery  g r e a t  p leasu re , as a  b ro th e r  
jo u rn a l is t  to  ad d  those few rem ark s  re g a rd in g  h is 
frien d .

Colonel C heesew righ t th en  proposed ' t h a t  th e  
h e a r t ie s t  th a n k s  be g iv en  to  th e  P re s id e n t, and  
to  th e  C o m m ittee  who h a d  w orked  so well beh in d  
h im  to  b rin g  a b o u t th is  reco rd  C onvention . H e  
w as p e rfe c tly  c e r ta in  t h a t  th e  P re s id e n t  h a d  p u t  in 
a g re a t  deal of v e ry  h a rd  w ork  in  o rd e r  to  b rin g  
ab o u t such a  successful m ee tin g . Also, h e  m en
tio n e d  especially  M r. C olin  G resty  ( th e  H on . Secre
t a r y  of th e  C o n v en tio n  C o m m ittee), an d  asked all 
co n cerned  to  accep t th e  h e a r t ie s t  c o n g ra tu la tio n s  
and  th a n k s  of th e  m em bers.

M r. F . J .  C o o k  seconded th e  vo te  of th a n k s  w ith  
th e  g re a te s t  co rd ia lity . S p e a k in g  of th e  P a p e rs  
w hich  h a d  been discussed, h e  sa id  th e i r  q u a lity  
w as v ery  h igh  indeed— so m uch  so t h a t  h e  d id  n o t 
th in k  a n y  conference in  a n y  c o u n try  h a d  ev er h ad  
a se t of P a p e rs  to  equal them . A n o th e r s tr ik in g  
fe a tu re  of th e  C onven tion  h ad  been th e  v e ry  g re a t  
desire  to  discuss th e  P a p e rs . I t  w as w ith in  th e  
m em ory of som e of th e  m em bers th a t  in th e  e a r lie r
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d ays th e re  was g r e a t  d ifficulty  in  g e t t in g  m em bers 
to  discuss even  P a p e rs  on so m ew h at e le m en ta ry  
su b je o ts ; now , how ever, th e re  is a  g r e a t  desn  e 
to  discuss in te llig e n tly  even  th e  v e ry  highbiow  
P a p e rs , an d  th a t  in d ic a te d  th e  v e ry  g r e a t  p rogress 
th e y  w ere  m ak in g  as a n  In s t i tu t io n .

T h e  vo te  of th a n k s  w as c a r r ie d  w ith  en th u sia sm .
T h e  P r e s i d e n t , re sp o n d in g , d isc la im ed  any 

c re d i t  to  h im self, because  h e  h a d  d one  n o th in g , 
b u t  h e  p a id  a  t r ib u te  to  M r. G re s ty  fo r  h av in g  
sho u ld ered  th e  b u lk  of th e  w ork , a n d  to  M rs. 
G resty , who h a d  re n d e re d  v a lu ab le  assistance . 
A fte r  ag ree in g  w ith  M r. Cook t h a t  t h e  P a p e rs  
p re sen te d  h a d  been ex ce llen t, a n d  ex p ress in g  h is 
g ra tif ica tio n  th a t  th e  C o n v en tio n  h a d  been  su c 
cessful and  en joyab le, he  r e tu rn e d  th a n k s  on  beh alf 
of th e  C onvention  C o m m ittee .

M r . C o l in  G r e s t y , who also re sp o n d ed , d is 
ag reed  w ith  th e  P re s id e n t  t h a t  th e  b u lk  o f th e  
w ork  h a d  fa llen  upon  h is own shoulders, th o u g h  h e  
acknow ledged th e  help t h a t  M rs . G re s ty  h a d  r e n 
dered . Also, h e  m en tio n ed  th e  nam es of M r. E . 
W ood (C h a irm an  of th e  C o m m ittee ), M r. H . J .  
Y oung (V ice-C hairm an), M r. H . F . P a rso n s  (H o n . 
T rea su re r) , an d  M r. V ic to r  S to b ie , a ll of w hom  
had  w orked  very  h a rd , th e  la s t  n a m e d  h a v in g , to  
a  la rg e  e x te n t ,  m ade  h im self re sp o n sib le  fo r  th e  
c a te rin g  a rra n g e m e n ts . O n b e h a lf  of th e  Com 
m ittee , h e  sa id  t h a t  th e  g re a te s t  th a n k s  th e y  cou ld  
possibly h av e  was t h a t  th e  m em b ers sh o u ld  
th o ro u g h ly  en joy  th e i r  v is it  to  N ew castle .

M r . V . C. F a u l k n e r  th e n  p u t  to  th e  m e e tin g  an  
om nibus reso lu tion , ex p ress in g  th e  th a n k s  o f th e  
I n s t i tu te  to  th e  a u th o rs  o f  P a p e rs , esp ec ia lly  th e  
fo re ig n  c o n tr ib u to rs ;  i t  also in c lu d ed  th e  th a n k s  
of th e  I n s t i tu te  to  th e  N ew castle  L i te r a r y  a n d  
Philosophical Society  fo r  h a v in g  p laced  th e i r  lec
tu r e  th e a tre  a t  th e  disposal of th e  I n s t i tu te .  T h is  
M r . R .  A . M il e s  seconded. T he re so lu tio n  w as 
ca rried  w ith  acc lam ation , an d  th e  m e e tin g  closed.

Civic Reception and Garden Party.
I n  th e  a fte rn o o n  th e re  w as a  c iv ic  re ce p tio n  and  

g a rd en  p a r ty  in  th e  B a n q u e tin g  H a ll  a t  Jesm ond  
D ene, by in v ita tio n  of th e  R ig h t  H o n o u ra b le  th e  
L ord  M ayor and  th e  L ad y  M ayoress of N ew castle  
(C ouncillor and  M iss F a s te n )  on b e h a lf  of th e  C ity
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C ouncil. T h ere  was a la rg e  n u m b er of m em bers 
a n d  v is ito rs  p re se n t, a n d  th e  a fte rn o o n  was 
th o ro u g h ly  en joyab le .

T h e  L o r d  M a y o r , in  w elcom ing h is g u ests, apolo
g ised  fo r  h a v in g  been u n ab le  pe rso n ally  to  welcome 
th e  I n s t i tu te  on  th e  occasion of th e  o p en in g  of th e  
C o n v en tio n . H e  ex p ressed  th e  hope, how ever, 
t h a t  th e  v is i t  of th e  I n s t i tu te  to  T yneside  would 
be b o th  p le a sa n t  a n d  p ro fitab le .

B o th  th e  P r e s id e n t  a n d  M r . O l i v e r  S t u b b s  
voiced th e  th a n k s  of th e  I n s t i tu te  to  th e  L ord  
M ayor, L ad y  M ayoress, th e  D ep u ty  L ord  M ayor, 
an d  th e  C o rp o ra tio n  fo r th e  k in d n ess a n d  hosp i
t a l i ty  th e y  h a d  e x te n d ed  to  th e  m em bers.

I n  th e  e v en in g  th e  m em bers an d  lad ies  a tte n d e d  
th e  T h e a tre  R oyal, a t  th e  in v ita tio n  of th e  C on
v e n tio n  C o m m ittee . An en joyab le  e n te r ta in m e n t  
w as p ro v id ed  by “  T he C o-o p tim ists .”

THIRD DAY.
F r id a y  m o rn in g  w as occupied  by th e  m em bers 

a n d  lad ies in  v is itin g  v a rio u s  w orks in  th e  n e ig h 
bourhood of N ew castle .

Luncheon.
L a te r ,  th e  m em bers an d  lad ie s  w ere e n te r ta in e d  

to  luncheon  a t  th e  G ran d  Assembly R oom s, B a rra s  
B rid g e , by th e  C o n v en tio n  C om m ittee . T he P re s i
d e n t w as in  th e  c h a ir .

C o l o n e l  C h e e s e w r i g i i t , D .S .O ., who, in  an  
am u sin g  speech, proposed  th e  to a s t  o f “  T h e  New- 
castle-on -T yne  B ra n c h ,”  sa id  all w ould ag ree  w ith  
h im  t h a t  th e  B ra n ch  h ad  p u t  up  a  m o st w o n d erfu l 
show. T h e  C o n v en tio n  h a d  been such t h a t  h e  v en 
tu re d  to  th in k  i t  w ould be v ery  d ifficult fo r  o th e r  
tow ns to  follow N ew castle ’s exam ple. H e  h a d  been 
very  m uch im pressed  w ith  th e  h o sp ita li ty  w hich 
h a d  been e x te n d ed  to  th e  I n s t i tu t e  by th e  N ew 
c as tle  B ra n ch , an d , on beh alf of th e  m em bers an d  
lad ies, he  offered g ra te fu l  th an k s .

M r . R . B u c h a n a n  (P asi> P res id en t) , who su p 
p o rted  th e  to a s t,  sa id  th e  whole C onv en tio n  h ad  
been w o n d erfu l, an d  i t  h a d  been a  d e lig h t to  be 
p re sen t. T h e  lab o u r of th e  C onven tion  C o m m ittee  
a n d  of all those  who h a d  c o n tr ib u te d  to  th e  p lea 
su re  of th e  m em bers of th e  I n s t i tu te  an d  th e  ladies 
so effectively, m u st hav e  been a  lab o u r of love, 
a n d  he exp ressed  th a n k s  to  M r. W ood, M r. Young,
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M r. P a rso n s , M r. G re s ty , an d  M r. S to b ie  in  p a r 
t ic u la r ,  a n d  to  th e  N ew castle  B ra n c h  in  g en era l. 
T h e  C o n v en tio n  would c e r ta in ly  re m a in  in  th e  
m em ory of th o se  who h a d  a tte n d e d  i t  as one of 
th e  b r ig h te s t  t h a t  th e  I n s t i tu te  h a d  ever had . H e  
coupled  th e  to a s t  w ith  th e  n am e  of M r. J .  S m i t h  

(P re s id e n t  of th e  N ew castle  B ra n ch ).
M r. J a m e s  S m i t h ,  re sp o n d in g , re fe r re d  to  th e  

t im e  w hen th e  la s t  C onven tion  was h e ld  in  New
castle , 18 y ears  ago. A t t h a t  tim e , he sa id , th e re  
was no  B ran ch  of th e  I n s t i tu te  in  N ew castle , b u t 
th e re  w ere  th re e  m em bers o f th e  th e n  F o u n d ry - 
m e n ’s A ssocation  on th e  T yne, W ea r and  Tees, 
nam ely , th e  la te  M r. M cF arlan e , th e  la te  M r. 
W illiam  D alrym ple , a n d  h im self. H e  sincerely  
hoped t h a t  he  would be p re se n t w hen  th e  n e x t 
C onven tion  was held  in  N ew castle . (H e a r , h ea r.)  
A bout 12 o r 13 y ears  ago th e  N ew castle  B ra n c h  o f 
th e  I n s t i tu te  was founded . They h a d  s ta r te d  w ith  
less th a n  60 m em bers, h u t  h a d  p ro g ressed  s te ad ily , 
an d  th e re  a re  now fu lly  250 m em bers on  th e  
reg is te r. H is  h e a re rs  could r e s t  assu red  t h a t  th e  
B ranch  w ould co n tin u e  to  increase  i t s  m em bersh ip , 
and  he  h a d  n o t th e  s lig h te s t d o u b t b u t  t h a t  in  a 
few m ore y ears  i t  would be one of th e  finest 
B ranches in  th e  whole c o u n try . A f te r  p a y in g  a 
tr ib u te  to  th e  C onven tion  C o m m ittee , a n d  p a r 
ticu la rly  to  th e  g en tlem en  n am ed  b y  M r. 
B u chanan , he re fe r re d  to  th e  m a n n e r  in  w hich  
th e  lad ies h ad  c o n trib u ted  to  th e  success o f th e  
C onvention, m ak in g  sp ec ia l m e n tio n  o f  M rs. 
G resty, who h ad  w orked so h a rd  fo r th e  C o n v e n tio n  
C om m ittee. I n  conclusion, he p re sen te d  a  b o u q u e t 
to M rs. G resty , on  beh alf of th e  N ew castle  B ra n c h , 
as a m ark  of a p p rec ia tio n  of th e  v a lu a b le  serv ices 
she h a d  ren d ered .

The p re se n ta tio n  was m ade  am id  loud ap p lau se .
B o th  M rs. an d  M r. G resty  re tu rn e d  th a n k s , th e  

l a t te r  ag a in  d raw in g  a tte n tio n  to  th e  trem en d o u s 
a m o u n t of w ork done by o th e r  m em bers o f th e  
C om m ittee .

M r. V a n  A a r s t  (of H o llan d ) th e n  ex p ressed , on 
b ehalf of h im self a n d  M ons. P . C h ev en ard  
(F ra n ce ), th e i r  keen  a p p re c ia tio n  of th e  k in d n ess 
w hich h a d  b e en .e x te n d e d  to  th em  d u r in g  th e  C on
v en tion . T he t r e a tm e n t  of th em  by th e  B ritish  
fou n d ry m en  w ould a lw ays he  rem em bered  by th e ir
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ow n c o u n try m en , who alw ays re g a rd e d  th e  B r itish  
as re a l  fr ien d s .

M o n s . P . C h e v e n a r d , sp e a k in g  in  F re n c h , also 
re tu rn e d  th a n k s  fo r h is  very  co rd ia l re c e p tio n ; in 
th e  n am e  of th e  A ssociation  T echnique de F o n d e rie  
de  F ra n c e , a n d  of h is  c o u n try m en  genera lly , he 
m u st say  “  M e rc i.”

Follow ing  th e  luncheon , th e  m em bers an d  lad ies 
sp lit  in to  tw o p a r tie s , one of w hich drove by m oto r 
to  R o th b u ry , a t  th e  in v ita tio n  of th e  C onven tion  
C om m ittee , w hilst th e  o th e r  w en t fo r a  sa il down 
th e  T yne, by in v ita tio n  of th e  T yne  Im p ro v em en t 
C om m issioners.
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THE PRODUCTION OFiCASTINGS IN PERMANENT 
MOULDS.*

A m e r ic a n  E x c n a n g e  P a p er .

By Robert J. Andersont and M. Edward Boyd.t

INTRODUCTION.
In  th e  p ro d u c tio n  of cas tin g s, in te r e s t  h a s a lw ays 

been shown in  a tte m p ts  to  d ev ise  a n d  em ploy 
m oulds t h a t  would be p e rm a n e n t o r  se m i-p e rm a n e n t 
in  n a tu re , th e re b y  e lim in a tin g  th e  p ro c e d u re  of 
destro y in g  th e  m ould  w ith  every  p o u r , as in  sa n d  
p rac tice . I n  connection  w ith  an  in v e s tig a tio n  c a r
r ied  o u t  in  th e  U .S . B u re a u  o f M ines on th e  p ro 
du c tio n  of a lum in ium -alloy  m o to r p is to n s  in  p e rm a 
n e n t m oulds,®0 s tu d y  w as m ade  o f th e  p e rm a n e n t-  
m ould process in g en era l, an d  m o re  p a r t ic u la r ly  o f 
i ts  ap p lic a tio n  to  th e  a lu m in iu m -a llo y  field. 
P e rm a n e n t m oulds a re  now em ployed in  m an y  
b ranches of th e  fo u n d ry  in d u s try , a n d  in  th e  p re 
sen t P a p e r  i t  is th e  w r i te r s ’ o b jec t to  d iscuss 
p e rm anen t-m ou ld  c a s tin g  in  g e n era l, a n d  to  p o in t  
o u t th e  ap p lica tio n s an d  l im ita tio n s  o f th e  p rocess 
as co m pared  w ith  o th e r  ca s tin g  m ethods.

The p rin c ip les  involved in  th e  p ro d u c tio n  c f  
cas tin g s in  p e rm a n e n t m oulds ( i.e ., m e ta ll ic  
m oulds) hav e  been  know n an d  p ra c t is e d  sin ce  
3000 B .C ., b u t  th e  cas t-iro n  m ould as i t  is know n  
and  used to -d ay  h as been  em ployed only  ab o u t 150 
y ears. M oreover, th e  c rea tio n  of p e rm a n en t-m o u ld  
ca s tin g  as a n  im p o r ta n t  an d  se p a ra te  in d u s try  is 
a  re la tiv e ly  re c e n t ach iev em en t. T he p e rm a n en t-

* Published bv permission of th e Director— U .S. Bureau of 
Mine9, and read before th e N ew castle Conference.

t  M etallurgist, U .S . Bureau of Mines. Experim ent S ta ., P itts- 
purgh, Pa

t  Form erly A sst. M etallurgist, U .S. Bureau of Mines, E x
perim ent S ta ., Pittsburgh, Pa.



47

• '

F
ig

. 
1‘

.—
O

pe
n 

S
to

n
e 

M
ou

ld
 

fo
e

 
C

a
st

in
g

 
a 

C
e

l
t

. 
(J

oh
ns

on
.)

F
ig

. 
2

.—
H

al
f 

of
 

C
o

m
po

u
n

d
 

S
to

n
e 

M
o

u
l

d
, 

U
se

d 
fo

r 
C

a
st

in
g

 
a

 
T

a
n

g
ed

 
K

n
if

e
.

(J
oh

ns
on

.)
F

ig
. 

3
.—

H
al

f 
of

 
C

o
m

po
u

n
d

 
S

to
n

e 
M

o
u

l
d

, 
U

se
d 

fo
r 

C
a

st
in

g
 

a
 

D
a

g
g

e
r

B
l

a
d

e
. 

(J
oh

ns
on

.)



m ould  c a s tin g  o f m e ta ls  an d  a lloys a n te d a te s  sand  
c a s tin g  by th o u sa n d s  o f y e a rs , a n d  s to n e  a n d  bronze 
m oulds w ere em ployed by p re -h is to r ic  m an  fo r  c a s t
in g  w eapons, o rn a m e n ts , a n d  too ls. As in d ic a te d , 
th e  use  of p e rm a n e n t m ou lds is d e s irab le  s in ce  in  
san d  p ra c tic e  each  m ould  is  d e s tro y ed  on p o u rin g , 
a n d  p ro d u cers  of c a s tin g s  d e s ire  m ou lds w h ich  can 
be used over a n d  o ver a g a in . T h e  p r in c ip a l 
ad v an tag es of p e rm a n en t-m o u ld  c a s tin g  o v e r sand  
c a s tin g  m ay  be sum m ed u p  as follow s : — (1) P e rm a 
nen t-m ou ld  cas tin g s a re  m ore  a c c u ra te  a n d  u n ifo rm  
as to  size and  w e igh t to le ra n c e s ;  (2) m ach in in g  
m ay  be e ith e r  g re a tly  re d u ce d  o r  e lim in a te d  
e n t i r e ly ; (3) p e rm an en t-m o u ld  c a s tin g s  h a v e  b e tte r  
su rface  ap p earan ce , a re  m ore  so u n d , a n d  have  
b e tte r  m echanical p r o p e r t ie s ; (4) th e  p e rm a n e n t-  
m ould process is co n tin u o u s, th e  o u tp u t  is  n o rm a lly  
m ore ra p id  th a n  in  san d  c a s tin g , a n d  p ro d u c tio n  
costs a re  lo w er; (5) u n sk illed  la b o u r  c an  be used 
in s tea d  of sk illed  m o u ld e rs; a n d  (6) o f te n  p a r t s  
t h a t  could n o t he  m ade  in  s a n d  c an  be  m ad e  in  
p e rm a n en t m oulds.

The question  of m ach in in g  costs is e specia lly  
im p o rta n t in  th e  p ro d u c tio n  o f m o d ern  m e ta l 
m an u fac tu re s , and  any  process w h ich  w ill e n su re  
lowered m ach in in g  costs deserves e sp ecia l con
s id e ra tio n . P ra c tic a lly  an y  m ech an ica l p a r t ,  
unless too la rg e  o r in v o lv in g  ex ce p tio n a lly  com 
p lica ted  coring , can  be  m ad e  by  p e rm a n e n t-m o u ld  
cas tin g , and  such  cas tin g s m ay  be p ra c t ic a lly  
finished p a r ts  as th e y  com e fro m  th e  m ou ld , e x ce p t 
for th e  rem oval of g a te s  an d  fins a n d  d re ss in g  on 
some su rface . T he re q u ire m e n ts  o f th e  a u to m o tiv e  
in d u s try  fo r la rg e  n u m b ers of sm all in te rc h a n g e 
able cas tin g s  offer a  p a r tic u la r ly  a d a p ta b le  field 
fo r  p e rm an en t-m o u ld  c a s tin g , an d  a t  th e  p re s e n t  
tim e  a num ber o f d iffe ren t c a s tin g s  fo r  u se  in  a u to 
m otive  co n stru c tio n  a re  b e in g  p ro d u ced  in  
p e rm a n en t m oulds.

A ckn o w led g m en ts .—T h e  w rite rs  w ish  to  acknow 
ledge w ith  th a n k s  c e r ta in  in fo rm a tio n  su p p lied  bv 
concerns em ploying th e  p e rm a n en t-m o u ld  process 
an d  by m eta llu rg is ts  a n d  en g in eers  co n n ec ted  w ith  
th ese  com panies. C e rta in  p h o to g ra p h s  o f F re n c h  
p e rm a n e n t m oulds w ere su p p lied  b y  D r .  Léon 
G u ille t, an d  p h o to g rap h s w ere  lo an ed  b y  D r.
G. M . A. R ich te r , of th e  M e tro p o lita n  M u seu m  of
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A r t ;  D r. C. W. M ead , of th e  A m erican  M useum  
of N a tu ra l  H is to ry ;  an d  D r. B . L an fe r , of th e  
F ie ld  M useum  of N a tu ra l  H is to ry . O th e r acknow 
led g m en ts  a re  m ad e  specifically  in  th e  te x t .

History of the Permanent-Mould Process.
W hile  th e  h is to ry  of c a s tin g  m eta ls  a n d  alloys 

is o f u n u su a l in te re s t  to  th e  academ ic  m e ta llu rg is t  
a n d  also  o f m ore  g e n e ra l in te re s t  in  t r a c in g  th e  
dev elo p m en t o f fo u n d ry  p ra c tic e , th e  su b je c t can  
be d e a lt  w ith  on ly  v e ry  su p erfic ia lly  h e re . So f a r  
as is know n, c a s tin g  in  p e rm a n e n t  an d  sem i
p e rm a n e n t  m oulds a n te d a te s  sa n d  c a s tin g  by  th o u 
sa n d s  of y ea rs , a n d  v e ry  e a r ly  in  th e  developm en t 
o f p re -h is to ric  m an  s to n e  a n d  b ro n ze  m oulds w ere 
em ployed fo r fo rm in g  too ls a n d  im p lem en ts  of 
w a rfa re . A ccord ing  to  M oldenke,* “  so f a r  as 
a c tu a l  ev idence is  concerned, m en tio n  h as been 
m ade  o f th e  an c ien ts  c a s tin g  iro n , a n d  u n q u e s tio n 
ab ly  in  g reen -san d  open  m oulds, b u t  th e  a r t  was 
lo st d u r in g  th e  e a rly  p e rio d s o f h is to ry . T he first, 
m en tio n  of a c tu a l  c as tin g s  w hich can  be  docu
m en ted  is in  1370 a . d . ,  in  th e  te s ta m e n t of th e  
B ishop of P o itie rs . H e re , u n q u estio n ab ly , th e  
re fe re n ce  is to  g reen -san d  c a s tin g s .”  So f a r  as is 
know n, th e  p rocess o f c a s tin g  in  p e rm a n e n t  m oulds 
d a te s  back  to  th e  e a r ly  B ronze  A ge (3000 B . C . ,  a t  
le a s t) , an d  th e  m ethods o f c a s tin g  as em ployed by 
th e  p re -h is to ric  fo u n d e r  h av e  been v e ry  well 
discussed by Jo h n s o n .24

T h e  f irs t  m oulds em ployed by  e a rly  fou n d ers , so 
f a r  as is  know n, w ere  v e ry  c ru d e  o pen  m oulds, 
fo rm ed  o f d a y  a n d  b u rn e d  h a rd .  Such  m oulds 
w ere p ro b ab ly  o n ly  sem i-p e rm a n e n t an d  w ithstood  
only  a  few  c a s t s ; ve ry  few  of th em  a re  in  ex istence  
to -d ay . P ro b a b ly  a lm ost co n tem p o ran eo u s w ith  
th e  open  clay m ould , a n d  doubtless th e  o rig in a l 
p re cu rso r o f th e  p re sen t-d a y  p e rm a n e n t m ould, was 
th e  open  s to n e  m ould . L a rg e  nu m b ers o f th ese  
m oulds have  been  fo u n d  in  th e  ex ca v a tio n  of ru in s , 
a n d  a re  in  th e  possession o f th e  B r itish  M useum  
and  o th e r  m useum s. These m oulds w ere m ade  by 
go u g in g  o u t  a  cav ity  in  th e  face  of a so ft rock, such 
as san d sto n e , m icaceous s la te , o r  soapstone, and  
m ost o f  th e m  a re  of v e ry  sim ple design . Such 
cas tin g s as f la t axes an d  ce lts  w ere p o u red  in  th e

* P riv a te  com m un ication . 1?. M oldenke. D ec. 24, 1923.
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open s to n e  m oulds. B y p o u r in g  co p p er o r  bronze 
in to  th ese  m oulds, sim ple  w eapons could be form ed, 
a n d  u su a lly  th ese  w ere  g iven  f u r th e r  sh ap e  by h am 
m erin g  a n d  th e n  sh a rp e n e d  on a  stone . Open 
s to n e  m oulds h av e  been fo u n d  in  I re la n d  an d  E n g 
lan d . F ig . 1 shows a n  o pen  sto n e  m ou ld  used  for 
c a s tin g  a celt. T h is m ould  w as fo u n d  n e a r  B ally 
m ena, C o un ty  A n trim , I re la n d .

F o llow ing  th e  open s to n e  a n d  o pen  clay m oulds 
cam e th e  com pound clay  a n d  com pound stone  
m oulds. T hese com pound m oulds w ere  p a r te d  in  
halves, an d  som e o f th e  specim ens fo u n d  e x h ib it  
t r u ly  re m a rk a b le  sk ill a n d  in g e n u ity  in  d esign  by 
th e  p re h is to r ic  fo u n d e r. T he m ould c av ity  and

F i g . 4 .— H a l f  o f  a n  O p e n  
S t o n e  M o u l d  f k o m  I s l a n d  
o f  C r e t e . ( C o u rte sy , 
M e tro p o lita n  M u seu m  of 
A r t.)

gates_ were cu t in  th e  tw o  ha lves of th e  m oulds, a n d  
these  early  m oulds a re  s im ila r  in  p r in c ip le  of d e s ig n  
and  o p e ra tio n  to  p re sen t-d a y  p e rm a n e n t  m oulds. 
F ig . 2 shows h a lf  of a  com pound s to n e  m o u ld  used  
fo r c as tin g  a tan g e d  k n ife , an d  fo u n d  n e a r  B a lly - 
m oney, C ounty  A n trim , I re la n d . T h is  m o u ld  w as 
c u t in  close-grained san d sto n e . F ig . 3 show s h a lf  
of a  s im ila r m ould used  fo r  c a s tin g  a  d a g g e r  b lad e . 
T he com pound stone m ould  w as developed  to  a  h igh  
s ta te  of p e rfec tio n , a n d  w as em ployed fo r  c a s tin g  
daggers, sw ord b lades, sp e a r  h ead s , a n d  o th e r  
w eapons, as well as tools. F ig . 4 show s h a lf  o f a 
com pound stone m ould o b ta in e d  fro m  th e  is lan d  of 
C r e te ; th is  m ould was c u t  in  s t e a t i te  (a  m assive 
v a r ie ty  of ta lc , know n u su a lly  as soapstone).
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F i g . 5 .— G o l d  F i g u r e  w i t h  

F i l i g r e e  W o r k  f r o m  
C o l o m b ia . (C o u rte sy ,
A m erica n  M u seu m  of 
N a tu ra l H is to ry .)
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S to n e , te r ra -c o t ta ,  a n d  som e so r t  of w ax  m oulds 
w ere used  by th e  a n c ie n t P e ru v ia n s ,*  a n d  F ig . £> 
shows a  gold f ig u re  w ith  filig ree  w ork, c a s t  in 
C olom bia, p ro b ab ly  in  a  w ax m ould . I t  should  be 
p o in te d  o u t t h a t  th e  filig ree  w ork  on th is  o b jec t 
was n o t so ldered  on, b u t  is a n  in te g ra l  p a r t  o t 0 
cas tin g . , . .

Fo llow ing  th e  s to n e  m oulds, a n d  m ark in g  
a n o th e r  ad v an ce  in  th e  p ro g ress  o f th e  a n c ie n t 
fo u n d e r in  th e  a r t  o f c as tin g , cam e th e  bronze 
m oulds. T hese m oulds w ere  f irs t copied  from  tn e

e a r lie r  stone m oulds. B ronze  m oulds w ith s to o d  th e  
erosive ac tio n  o f liq u id  c o p p er a n d  b ro n ze  b e t te r  
th a n  th e  c lay  a n d  stone  m oulds. B ro n ze  m ou lds 
have  been  fo u n d  in  la rg e  n u m b ers  in  N o r th e rn  
F ra n c e  an d  in  E n g la n d , an d  th ey  w ere  u sed  fo r  
ca s tin g  celts, dagg ers , gouges, p a ls ta v es , a n d  o th e r  
w eapons, an d  tools. I n  th ese  m oulds th e r e  is  show n 
a ten d en cy  to w a rd  m ore  co m p lica tion  in  design  
an d  in  c h a ra c te r  of c a s tin g s  m ade . F ig . 6 show s a 
b ronze m ould  used  fo r  c a s tin g  g o u g e s ; th is  w as 
fo u n d  n e a r  P len ee  Ju g o n , in  B r i t ta n y .  T h e  tw o 
halves of th e  m ould a re  show n in  th e  fig u re . This 
was a  cored  m ould , a n d , w hen p u t  to g e th e r, a  
bronze p in  w as in se r te d  th ro u g h  th e  tra n sv e rse

F i g . 6 .— T w o  H a l v e s  
o p  B r o n z e  M o u l d  

f o r  C a s t i n g  G o u g e s .
(J o h n so n ).

* P riv a te  com m un ication , C. W . M ead, D ee. 26, J.923.
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hole show n in  th e  le f t-h a n d  h a lf  to  keep  th e  core 
in  p lace  on  ca s tin g .

I n  F ig . 7 is show n, a t  th e  le f t ,  o n e -h a lf of a 
copper m ould  u sed  fo r  c a s tin g  a  sp e a r, a n d , a t  th e  
r ig h t,  th e  sp e a r c a s t  th e re fro m . T he m ould  was 
o b ta in ed *  a t  S i-a n fu , C h in a , a n d  a p p a re n tly  d a te s  
fro m  th e  t h i r d  o r  second c e n tu ry  B.C . As w ill be 
seen  th e re  a re  sm all knobs a long  th e  edge of th e  
m ould  h a lf  in  th e  le f t  of F ig . 7, a n d  th ese  
a p p a re n tly  w ere to  fit in to  holes in  a  co rresp o n d in g  
h a lf . P la s te r  ha lv es w ere  m ad e  u p  from  th e  
o r ig in a l h a lf  a t  th e  F ie ld  M useum  of N a tu ra l  
H is to ry , a n d  th e  sp e a r show n in  t h e  r ig h t  of F ig . / 
cas t th e re fro m .

T h e  g u id e  to  th e  a n tiq u itie s  o f th e  B ro n ze  A ge 
in  th e  d e p a r tm e n t of B r i tish  a n d  M ediaeval 
A n tiq u itie s  of th e  B r i t ish  M useum 1 g ives co n sid e r
ab le  in fo rm a tio n  as to  th e  ty p es  of c a s tin g s  p ro 
duced  by th e  p re h is to r ic  fo u n d e r.

The d iscovery  o f iro n  an d  s tee l a n d  th e  em ploy
m en t of th ese  m a te ria ls  fo r  w eapons a n d  im p le 
m en ts  re q u ire d  new  m eth o d s o f fo u n d in g , a n d  
re su lte d  in  th e  em ploym en t o f th e  s a n d  m o u ld . 
W hile  th e  use of p e rm a n e n t m ou lds w as n o t  e x te n 
sive for m an y  y ears  c o -ex is ten t w ith  th e  sa n d  
m ould, th e  d esire  fo r  m oulds w hich  w ou ld  w ith 
s ta n d  m ore th a n  on e  c a s t a g a in  a s se r te d  i ts e lf  in 
m odem  tim es, a n d , e a rly  in  th e  1 9 th  c e n tu ry ,  
p a te n ts  'bearing  on th e  su b je c t b eg an  to  a p p e a r . 
The c as tin g  of iro n  a n d  s tee l in  p e r m a n e n t  m o u ld s 
p resen ts g re a te r  d ifficulties th a n  t h a t  o f  th e  n o n - 
fe rro u s alloys, a n d  th e  p rocess of c a s tin g  fe r ro u s  
alloys h as been re la tiv e ly  slow in  develo p in g . H o w 
ever, th e  p rocess of ca s tin g  in  m e ta llic  m ou lds— i.e .,  
steel o r c as t-iro n  m oulds—h as now b een  f a ir ly  fu lly  
ex ten d ed  to  in clude  all k in d s  of fe rro u s  an d  n on- 
fe rro u s  alloys, an d  a t  th e  p re se n t  t im e  p ra c t ic a lly  
a n y  ty p e  o f alloy c an  be cas t in  a  p e rm a n e n t  ty p e  
of m ould. T h e  p e rm a n e n t  m ou ld  h a s  been  a t t r a c t 
ing  m uch  in te re s t  in  re c e n t y e a rs  in  co n n ec tio n  
w ith  th e  c e n tr ifu g a l c a s tin g  of iro n  a n d  stee l, h u t  
th e  p e rm a n en t-m o u ld  process h a s  n o t been  used 
ex tensively  fo r  iro n  becau se  o f in h e re n t  d ifficulties 
involved.

T he d ev elopm en t o f p e rm a n en t-m o u ld  c a s tin g  has 
p rogressed  m ore  ra p id ly  in  th e  n o n -fe rro u s  field

* P riv a te  co m m un ica tion , B . L an fer, J a n .  29. 1 Q24.
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th a n  in  th e  fe rro u s , d u e  la rg e ly  to  th e  few er diffi
cu ltie s  en co u n te re d  in  th e  fo rm er. H ow ever, even 
in  n o n -fe rro u s  c a s tin g s , com m ercial p ro d u c tio n  h as 
been lim ite d  m o re  o r  less to  sm all c a s tin g s  o f sim ple 
sh ap e , a lth o u g h  such  c a s tin g s  as co m p lica ted  m o to r 
cran k -cases h a v e  been  c a s t in  p e rm a n e n t  m oulds 
u s in g  sa n d  cores. As w ill b e  in d ic a te d  l a te r  on, 
v a rio u s  m od ifications o f p e rm a n en t-m o u ld  cas tin g , 
in c lu d in g  d ie  c a s tin g  a n d  C o th ias  ca s tin g , com prise 
s e p a ra te  in d u s tr ie s , a n d  th e  d ie -c as tin g  in d u s try  is 
o p e ra te d  on  a  la rg e  a n d  p ro fitab le  scale in  th e  
U n ite d  S ta te s . R e fe r r in g  to  iro n  cas tin g s , sm all 
a rtic le s  o f c a s t  iro n  w ere  m ad e  in  p e rm a n e n t  
m oulds fo r  m an y  y e ars , b u t  th ese  w ere  in v a riab ly  
ch ill h a rd e n e d , a n d  co n seq u en tly  unm ach in eab le . 
A b o u t 1902 w ork  w as b eg u n  b y  C u s te r3 5 10 11 w ith  
p e rm a n e n t  m ou lds a t  th e  Taoony I ro n  C om pany, 
P h ila d e lp h ia , P a . ,  a n d  a  p rocess w as developed for 
c a s tin g  sew er p ip e , sash  w eigh ts , p ip e  f i tt in g s  such 
as Y  a n d  T  sec tio n s, a n d  o th e r  sim ple  p a r ts .  In  
th e  p ro d u c tio n  o f sew er p ip e , a n  a r ra n g e m e n t of 
30 m oulds w as m o u n te d  u p o n  a  rev o lv in g  ta b le  and  
240 p ip es  p e r  h o u r  w ere c as t. T h e  ta b le  c a rry in g  
th e  m ou lds w as o p e ra te d  m ech an ically  in  such 
m a n n e r  t h a t  each  m ould  was p o u re d  ev ery  7-8 m ins. 
T he success of th e  p rocess dev ised  by  C u ste r  fo r 
av o id in g  th e  ch illin g  o f iro n  w hen  c a s t  in  a n  iro n  
m ould  d epends u p o n  th e  m eth o d  of o p e ra t io n ;  in  
th e  p rocess th e  iro n  is ra p id ly  chilled  to  th e  f reez in g  
p o in t  by  th e  m ould , a n d  th e n  im m ed ia te ly  rem oved 
from  th e  m ou ld  so t h a t  th e  ch illin g  effect is stopped , 
a n d  th e n  th e  c a s tin g  is allow ed to  cool in  a ir .  
R a d ia to rs , b rake-shoes, c y lin d e r blocks, an d  o th e r  
c a s t- iro n  p a r ts  h a v e  been p ro d u ced  by  th e  p e rm a 
n en t-m o u ld  process. J u s t  re ce n tly , a  p rocess fo r 
p ro d u c in g  ca s t- iro n  p a r ts  in  p e rm a n e n t m oulds has 
been developed by  th e  H o lley  C a rb u re t to r  Com 
p a n y ,4’ in  w hich  a  so-called long-life  m ould  is em
ployed. T he m ould  is m ad e  of o rd in a ry  g rey  iro n , 
b u t  a  th in  re f ra c to ry  l in in g  m ad e  of b a ll c lay  and  
sodium  silic a te , o r  o th e r  su itab le  m a te ria l,  is 
ap p lied  to  th e  face  o f th e  m ould , a n d  th is  lin in g  is 
covered  w ith  a th in  c o a tin g  o f am o rp h o u s carbon . 
T he process o f th e  H o lley  C a rb u re t to r  C om pany  is 
used  a t  i t s  p la n t  fo r  th e  p ro d u c tio n  of cas t-iro n  
c a rb u re tto rs , an d  a t  th e  F o rd  M o to r C om pany  fo r  
th e  p ro d u c tio n  of ca s t- iro n  p isto n s.*

P riv a te  com m unication , D . H . M eloche, J a n .  4, 1923.
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I n  th e  n o n -fe rro u s  field, th e  p e rm an en t-m o u ld  
process is used  fo r  c a s tin g  b rass, b ronze, a lu m in iu m  
bronze, a n d  l ig h t  a lu m in iu m  alloys, a n d  i t  can  be 
ad o p ted  fo r  th e  p ro d u c tio n  of c a s tin g s  in  an y  of 

th e  u su a l com m ercial n o n -fe rro u s  alloys. T he p ro 
cess h a s  been  em ployed v e iy  la rg e ly  in th e  
a lu m in iu m -allo y  field fo r m ak in g  p is to n s .°° I n  a 
la te r  sec tion  of th e  P a p e r  th e  v a rio u s  k in d s 01 
alloys used  in  p e rm a n en t-m o u ld  c a s tin g  and  th e  
ty p es of cas tin g s  m ade  w ill be d iscussed , an d  th e  
ap p lic a tio n s  of c e r ta in  v a r ia tio n s  of th e  p e rm a n en t-  
m ould process to  th e  p ro d u c tio n  o f c e r ta in  ty p es  of 
c a s tin g s  will be ta k e n  up  in  th e  fo llow ing section .

TYPES OF PROCESSES INVOLVING THE USE OF 
PERMANENT MOULDS.

A t th e  o u tse t, in  d iscussing  th e  p e rm a n en t-m o u ld  
process fo r  p ro d u c in g  cas tin g s, i t  is im p o r ta n t  to  
s ta te  t h a t  th e re  a re  five e ssen tia lly  d iffe re n t com 
m ercia l processes which involve th e  use  of c a s t- iro n  
or steel m oulds. I n  t r a d e  p a r la n c e , th e re  is co n 
siderab le  confusion  in  th e  use of te rm s  a p p lie d  to  
describe th e  cas tin g s m ad e  by  th ese  d iffe re n t p ro 
cesses, an d  i t  is acco rd ing ly  d esirab le  to  d is tin g u ish  
sh a rp ly  am ong them . T he five p rocesses in v o lv ed  
a re  th e  follow ing, viz. : (1) D ie  c a s t in g ; (2) s lu sh  
c a s tin g ; (3) C o th ias c a s tin g ;  (4) c e n tr ifu g a l  c a s t
ing  ; an d  (5) p e rm a n en t-m o u ld  c a s tin g . I n  th e  
p re sen t P a p e r  th e  f irs t fo u r  p rocesses w ill b e  d is
cussed on ly  b riefly , a n d  fo r  th e  p u rp o se  of d is
t in g u ish in g  th em  fro m  th e  process w h ich  sh o u ld  
p ro p erly  be  te rm e d  p e rm a n en t-m o u ld  c a s tin g . I n  
the  tra d e ,  th e  te rm  “ d ie  c a s t in g s ”  is o f te n  
applied , e ith e r  p u rp o se fu lly  o r  u n k n o w in g ly , to  
pe rm an en t-m o u ld  cas tin g s, an d  th is  is in c o rre c t 
an d  m is lead in g , since th e  p ro p e rtie s  an d  sou n d n ess 
of p e rm an en t-m o u ld  cas tin g s  a re  n o rm ally  m uch  
su p e rio r  to  th o se  o f d ie  cas tin g s. T h e  five ty p e s  of 
processes a re  defined a n d  d iscussed b r ie f ly ' below, 
an d  com parison  is m ad e  of th e  d iffe re n t m e th o d s’ 
an d  th e  su itab le  a p p lic a tio n s  of th e  c a s tin g s  a re  
p o in ted  o u t.

Die Casting.
A die  c a s tin g  is defined as a  fin ished, o r  p ra c 

tic a lly  fin ished, c a s tin g , m ad e  by fo rc in g  a  liq u id  
m e ta l o r  alloy in to  a m e ta llic  m ould  o r  d ie. I t  is 
supposed t h a t  l i t t le  o r no m ac h in in g  o th e r  th a n
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d rillin g  fo r screw s, bo lts , a n d  th e  lik e , a n d  rem oval 
o f fins by d ressin g , w ill be re q u ire d  to  p u t  th e  c a s t
ing  in to  co n d itio n  fo r use. D ie  c a s tin g s  a re  som e
tim es confused  w ith  d ie  p ressin g s, w hich  a re  m ade 
by th e  h o t p re ss in g  o f m e ta ls  a n d  alloys, a n d  die 
p ressings a re  o ften  re fe r re d  to  as d ie-pressed  cas t
ings a n d  d ie  cas tin g s . A d ie  c a s tin g  is a  fin ished  
casting , in  th e  g e n e ra l m ean in g  of th e  te rm , in  con
tra d is t in c t io n  to  a  ro u g h  san d -cas tin g , fo r  which 
a  g re a te r  o r  lesser a m o u n t of m ac h in in g  is in v a r i
ably p resupposed . E m p h asis  should  be d irec te d  to  
an  e sse n tia l item  in  th e  d ie -cas tin g  process, which 
sh a rp ly  d is tin g u ish e s  i t  from  o th e r  processes involv
ing  m eta llio  m oulds, v iz ., th e  a lloy  is fo rced  in to  
th e  d ie  c av ity  by p re s su re ;  such p re ssu re  m ay be 
m echanical, as a  p lu n g e r  w ork in g  in  a  cy linder, o r  
a ir  p re ssu re .

D ie c a s tin g , as is th e  case w ith  o th e r  processes 
in v o lv in g  m e ta llic  m oulds, is e ssen tia lly  a  q u a n ti ty  
p ro d u c tio n  process, an d  b u t  few p a r ts  can  be con
sidered  p ra c t ic a l  d ie -cas tin g  jobs in  lo ts  of less 
th a n  1,000. T h is  is n ecessarily  so because o f th e  
heavy expense  involved in  d esig n in g  an d  p re p a r in g  
th e  necessary  d ie s ; in  sm all lo ts, th e  heavy  die 
expense will be p ro p o rtio n a te ly  re flected  in  th e  
cost o f th e  cas tin g s . T h e  cost of an y  d ie-cas ting  
m ust no rm ally  be less th a n  th e  cost of p ro d u c in g  a 
sand c a s tin g  p lu s th e  cost of m ach in in g  to  a 
finished c a s tin g  e q u iv a le n t to  a  d ie  cas tin g . The 
d ie -cas tin g  process is em ployed com m ercially  fo r 
tin -r ic h , z inc-rich , lead -rich , an d  a lu m in iu m -rich  
alloys. A lloys o f h ig h e r  m eltin g  p o in ts , lik e  th e  
brasses an d  bronzes, c a n , o f course, a c tu a lly  be d ie 
cast, b u t  such alloys hav e  so s tro n g  an  erosive 
effect on o rd in a ry  d ie  steels t h a t  th e  p rocess is n o t 
com m ercial fo r th ese  alloys. T h e  lif e  o f a d ie 
w hen c a s tin g  b ra ss  is exceed ing ly  sh o rt, and  a t  th e  
p re sen t tim e  th e  d ie -cas tin g  process is confined to  
alloys of re la tiv e ly  low m eltin g  p o in ts . D ie-castin g  
d ies for a lu m in iu m  alloy w ork a re  no rm ally  m ade 
of ch ro m e-v an ad iu m  steel.

The d ie -cas tin g  process is especially  ap p licab le  to  
th e  p ro d u c tio n  of sm all in te rch a n g e ab le  p a r ts  which 
do n o t  need to  be  especially  s tro n g  an d  sound, b u t  
which a re  re q u ire d  to  be well finished an d  a cc u ra te  
as to  d im ensions. T h e  d ie -cas tin g  process h as been 
discussed a t  len g th  in  th e  tech n ica l l i te r a tu re ,  and 
a tte n tio n  m ay  be d irec te d  to  P a p e rs  by  P a c k ,”  34 43
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C a rm a n / 1 and  H a r r im a n / 5 a n d  to  th e  sm all book 
pu b lish ed  by T he I n d u s t r ia l  P re s s / 6 T h e  die-cas 
in g  process h a s  b een  a p p lie d  v e ry  ex ten siv e ly  o 
th e  p ro d u c tio n  o f sm all p a r ts  fo r  a u to m o tiv e  con
s tru c tio n , househo ld  ap p lian ces , r a d io  a p p a ra tu s , 
ad d in g -m ach in e  p a r ts ,  c a sh -re g is te r  p a r ts ,  a n d  to r 
m an y  o th e r  pu rposes.

Slush Casting.
A slu sh  c a s tin g  is defined as a  p ra c tic a lly  fin ished 

c a s tin g  m ad e  b y  p o u r in g  a  liq u id  m e ta l o r  a lloy  
in to  a  m e ta llic  m ould , fo llow ed by  im m ed ia te ly  
in v e r t in g  th e  m ould  a n d  th e re b y  p o u r in g  o u t  th e  
excess u n fro ze n  alloy in  th e  c e n tre  o f th e  m ass, th u s  
leav in g  only th e  solid  she ll fo rm ed  b y  th e  c o n to u r  
of th e  m ould. S lu sh  m oulds a re  m ad e  u su a lly  of 
b rass  o r bronze, an d  z inc-rich , a n d  o th e r  low -m elt
ing  p o in t, a lloys a re  em ployed fo r  c a s tin g . T h e  
m ould is u su a lly  m o u n ted  u p o n  tru n n io n s ,  o r  o th e r 
wise a r ra n g e d  so t h a t  i t  m ay  be ra p id ly  in v e r te d .  
T he slush  process is a d a p te d  fo r  th e  p ro d u c tio n  of 
c e r ta in  ty p es  of hollow  cas tin g s , b u t  i t  is o f no  
im p o rta n ce  fo r m ak in g  cas tin g s to  be u sed  in  e n g i
n e e r in g  c o n s tru c tio n . So f a r ,  th e  p rocess h a s  b een  
confined to  th e  p ro d u c tio n  o f vases, dolls, s ta tu e s ,  
figures, e lec tro lie rs , a n d  fittin g s . T h e  p ro cess  h a s  
been described  by R ig g  an d  M o rse .18

Cothias Casting.
A C o th ias c a s tin g  is a  fin ished , o r  6em i-fin ished , 

c a s tin g  m ade  by f irs t p o u r in g  a  liq u id  a lloy  in to  a 
m eta llic  m ould  an d  th e n  fo rc in g  a  to p  h a lf  o f  th e  
m ould c o n ta in in g  th e  co tos in to  th e  a lloy  w h ils t 
liqu id , th e re b y  g iv in g  in te rn a l  sh ap e  to  th e  c a s t
ing . I n  th e  C o th ia s  process, th e  low er h a lf  o f  t h e  
m ould, w hich conform s in  sh a p e  to  th e  o u ts id e  
shape  of th e  re q u ire d  ca s tin g , is h e a te d , a n d  a  
m easu red  a m o u n t of liq u id  alloy is p o u re d  i n ; th e  
to p  h a lf  of th e  m ould , co n fo rm in g  to  th e  in s id e  
shape  of th e  cas tin g , is th e n  fo rced  in to  th e  b o tto m  
h a lf  in  th e  m an n e r  of a s ta m p in g  p ress, th u s  fo rc in g  
th e  alloy in to  th e  sh a p e  of th e  re q u ire d  ca s tin g . 
The p lu n g e r  ac ts  as th e  core. T h e  process is 
a d a p te d  to  f a ir ly  la rg e  cas tin g s  in  fa ir ly  low -m elt
ing  p o in t  alloys, e.g ., a lu m in iu m  alloys, w h ere  good 
su rfa ce  finish a n d  good m ech an ica l p ro p e rtie s  a re  
re q u ire d . I t  is used  la rg e ly  fo r  th in -w alled  c a s t
ings of m ore  o r  less o p en  sh ap e , a n d  i t  is n o t
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ap p licab le  to  co m p lica ted  box c as tin g s  w ith  inside  
cores. S im p le  c ran k -cases , tran sm iss io n  cases, 
cy linders , a n d  p is to n s  fo r  a u to m o tiv e  c o n stru c tio n  
a re  m ade  in  E n g la n d  by  th is  process, in  a lu m in iu m  
alloys. T he C o th ia s  system  is l i t t le  know n in  th e  
U n ited  S ta te s , b u t  is em ployed to  som e e x te n t in 
E n g la n d  a n d  C o n tin e n ta l  E u ro p e . T he process is 
described  in  a n  anonym ous a r t ic le .31

Centrifugal Casting.
A c e n tr ifu g a l  c a s tin g  is a  fin ished, o r  sem i

finished, c a s tin g  m ad e  by p o u rin g  liq u id  alloy in to ,  
a  ro ta ta b le  p e rm a n e n t  m ould , followed by rap id ly  
ro ta t in g  th e  m ould  so t h a t  th e  alloy  is fo rced  to  
th e  w alls of th e  m ould . I n  th e  process c e n tr ifu g a l 
c a s tin g  m ach in es a re  used , an d  th ese  a re  ex trem ely  
sim ple  in  design , co n sis tin g  m ere ly  of a  m ould 
ro ta ta b le  a t  h ig h  speed an d  a  sp o u t to  sup p ly  th e  
alloy. M oulds m ay  be ro ta te d  on h o rizo n ta l, v e r ti 
cal, or in c lined  axes. M oulds m ay  be m ade  of cas t 
iro n  o r  alloy steel, a n d  th e y  m ay  also be m ade  of 
ca s t iro n  lin ed  w ith  c la y ; th ey  m ay  be ru n  w arm , 
h o t, o r  w ater-coo led . T h e  w arm  m ould , by w hich 
is m ea n t a  m ould  w hich does n o t becom e especially  
h o t a n d  is n e ith e r  h e a ted  by spec ia l b u rn e rs  no r 
w ater-cooled , w as th e  first developm ent. W ate r-  
cooled m oulds, as in  th e  D e L ev au d  m achines, have  
been used fo r  m ak in g  cas t- iro n  p ip e , w hile  th e  h o t 
m ould, w hich  p e rm its  th e  c a s tin g  of q u ite  th in  sec
tions, h a s been  developed recen tly  by  C am m en. 
Specia l h ig h -ch ro m iu m  steel is used  fo r  h o t m oulds.

P ra c tic a lly  any  cy lin d rica lly -sh ap ed  body can  be 
m ade by c e n tr ifu g a l  cas tin g , an d  th e  process has 
been ap p lied  com m ercially  to  th e  p ro d u c tio n  o f p ipe, 
ra ilw a y -tru c k  wheels, p ro p e lle r sleeves, paper-m ill 
rolls, tu b es , an d  o th e r  p a r ts .  W hile  th e  c e n tr i
fu g a l ca s tin g  o f alloys is an  old process, i t  d id  n o t 
assum e m uch  im p o rta n ce  u n til  a b o u t 1914. I t  has 
been used  fo r  b o th  fe rro u s  a n d  n o n -fe rro u s  alloys. 
T he process h a s been described  by  C am m en .*3 ** 

Permanent-Mould Casting.
A p e rm an en t-m o u ld  ca s tin g  is defined as a 

finished, o r  sem i-finished, ca s tin g  m ade  by p o u rin g  
a  liqu id  a lloy  in to  a  m eta llic  m ould , th e  alloy e n te r 
ing  th e  m ould  and  filling  th e  cav ity  u n d e r  th e  force 
of g ra v ity  solely. T he process is th e  c o u n te rp a r t  of 
sand  cas tin g , th e  o n ly  d ifference  b e in g  in  th e
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n a tu r e  of th e  m ouid . T h e  te rm s  “  han d -p o u red  
d ie  cas tin g s  ”  a n d  “  g ra v ity - ru n  d ie  c a s tin g s  ”  have 
been  ap p lied  to  th e  p ro d u c ts  o b ta in e d  by pe rm a
n en t-m o u ld  c a s tin g , b u t  th e se  te rm s  a re  qu i e 
unn ecessa ry . B y d e fin itio n , th e  p e rm an en t-m o u  
process can  be v e ry  re a d ily  d is tin g u ish e d  from  o th e r  
processes in v o lv in g  th e  use  o f m e ta llic  m oulds, an d  
th is  p rocess w ill c la im  th e  g re a te r  p a r t  o f a tte n tio n  
in th e  p re se n t P a p e r .  O b jec tio n  h a s  been ra ised  
to  th e  use  o f th e  te rm  “  p e rm a n e n t  m ould on 
th e  g ro u n d  t h a t  th e  m ould  is n o t  rea lly  p e rm a n e n t, 
b u t re q u ire s  rep airing : a n d  u p k eep . Of course, 
n o th in g  is a c tu a lly  p e rm a n e n t, b u t  w hen 
sev era l h u n d re d  th o u sa n d  c a s tin g s  can  be p o u re d  
in  a  m ould , e ith e r  w ith  o r  w ith o u t r e p a i r ,  
i t  m ay  be re g a rd e d  as p e rm a n e n t  fo r  a ll p ra c t ic a l  
purposes.

In  th e  p e rm an en t-m o u ld  process, w hen u s in g  col
lapsib le  steel cores, th e  liq u id  a lloy  is p o u re d  in to  a  
p rev iously  h e a ted  an d  assem bled m ould , a n d , a f te r  
a  sh o rt tim e , th e  cores a re  rem oved , th e  m o u ld  
p a r te d ,  a n d  th e  c a s tin g  ta k e n  o u t. T h e  m o u ld  is 
th e n  a g a in  locked, th e  core p ieces a re  in se r te d  in  
th e  rev erse  o rd e r  of rem oval, a n d  th e  m o u ld  is 
read y  fo r a n o th e r  p o u r. S an d  cores a re  also  used  
in  th e  p e rm an en t-m o u ld  p rocess, a n d  th e s e  a re  
no rm ally  b a k ed  q u ite  h a rd . F o r  m an y  y e a rs  th e  
p e rm an en t-m cu ld  process h a s  been  em ployed  fo r  
th e  p ro d u c tio n  of v a rio u s  k in d s  of c a s t- iro n , b ra ss , 
an d  a lu m in ium -alloy  cas tin g s , b u t  th e  e x te n s iv e  
use of th e  process is a  c o m p a ra tiv e ly  re c e n t  ach iev e 
m en t. A t th e  p re se n t  t im e  c a s t- iro n , b ra s s , 
bronze, a lu m in iu m -b ro n ze , a n d  l ig h t  a lu m in iu m - 
alloy cas tin g s a re  m ad e  by p e rm a n e n t-m o u ld  c a s t
in g , an d  th e  use  o f th is  p rocess is  r a p id ly  in c re a s 
ing . P e rm an e n t-m o u ld  ca s tin g , l ik e  d ie  c a s tin g , 
is a  q u a n ti ty  p ro d u c tio n  process, a n d  n o t  m an y  
p a r ts  should  be considered  p ra c t ic a l  fo r c a s tin g  in  
p e rm a n e n t m oulds in  lo ts  of less th a n  500 to  1 ,000. 
T h is is so because  o f th e  ex pense  o f m a k in g  th e  
m oulds, a lth o u g h  m ould  costs in  p e rm a n en t-m o u ld  
work a re  n o t n e a rly  so h ig h  as d ie -cas ts  in  d ie  
cas tin g .

T he p rin c ip le s  of p e rm a n en t-m o u ld  c a s tin g  as 
ap p lied  to  c a s t iro n  h av e  been  discussed  by 
C u s te r3 5 10 “ , a s  ap p lied  to  n o n -fe rro u s  alloys bv 
Jo h n so n 23 a n d  an  anonym ous w r i te r37 3S, and  as 
ap p lied  to  a lu m in iu m -allo y  p is to n s  by th e  p re sen t 
w r i te rs .3“



S a n d  c as tin g , d ie  c a s tin g , and  p e rm an en t-m o u ld  
c a s tin g  a re  c o m p e titiv e  processes, w hile  C o th ias 
e a s tin g , slush  c a s tin g , an d  c e n tr ifu g a l c a s tin g  
occupy r a th e r  iso la ted  p o sitions ex cep t in  th e  case 
of th e  p ro d u c tio n  of sp ec ia l ty p es  of cas tin g s, when 
th ey  becom e c o m p e titiv e  to  c e r ta in  of th e  o th e r  
processes. T h is  s ta te m e n t  is 1 a d m itte d ly  q u ite  
g en era l, an d  is open to  c o n tra d ic tio n  in  n u m erous 
in stan ces . I n  co n sid erin g  th e  v a rio u s  processes, 
th e  p ro d u c e r  of cas tin g s is  in te re s te d  in  know ing  
th e  a d v a n ta g e s  an d  d isa d v an tag e s  of each, th e ir  
scope an d  a p p lica tio n s .

C onsidered  broad ly , th e  p e rm an en t-m o u ld  p ro 
cess m ay  be  re g a rd e d  as occupying  a  p o sitio n  m id 
way be tw een  sa n d  c a s tin g  a n d  d ie  c a s tin g  w hen th e  
l ig h t  a lu m in iu m  alloys a re  considered , a n d  i t  has 
a  d is t in c t  field n o t covered by e ith e r .  I n  com
p a r in g  p e rm an en t-m o u ld  c a s tin g  w ith  san d  c a s t
in g , i t  is a t  once a p p a re n t  t h a t  th e  fo rm e r is 
econom ical only  w hen a  fa ir ly  la rg e  n u m b er of 
c as tin g s a re  to  be m ade, since  th e  co st o f p re p a r 
in g  th e  iro n  m ould e lim in a tes  th e  process fo r con
s id e ra tio n  w hen on ly  a  few  c a s tin g s  a re  to  be 
p o u red . F o r  la rg e  lo ts o f cas tin g s t h a t  a re  su i t
ab le  to  th e  process, p e rm an en t-m o u ld  ca s tin g  is 
m uch  to  be  p re fe r re d  over san d  c a s tin g , since p a r ts  
can  be m ade  m ore  cheap ly , m ore ra p id ly , an d  to  
c loser size- an d  w e ig h t-to leran ces. M ach in in g  
m ay  be e lim in a ted  to  a  considerab le  e x te n t  in  
p e rm an en t-m o u ld  cas tin g s, th e re b y  effecting  con
sid e rab le  sav in g s o ver sand  castings, n o t only  fo r 
lab o u r b u t  for m e ta l. O ne o f th e  m ost im p o r ta n t  
a d v an tag e s  lies in  th e  fa c t t h a t  p e rm a n e n t m oulds 
can  be o p e ra ted  by u n sk illed  lab o u r, a lth o u g h  th e  
d esig n in g  an d  b u ild in g  o f th e  m ould req u ires  
h igh ly -sk illed  m echanics. Sk illed  lab o u r is req u ired  
fo r san d  m ould ing . R e fe r r in g  to  a lu m in iu m  
alloys, fo r la rg e  cas tin g s an d  com plicated  6m all 
c as tin g s th e  san d -cas tin g  m ethod  is g en era lly  best. 
F o r  sim ple  a n d  sm all cas tin g s, an d  even fa ir ly  
co m p lica ted  sm all cas tin g s, which do n o t need  to  
be p a r tic u la r ly  s tro n g  n o r sound, th e  d ie -cas tin g  
m ethod  is to  be  p re fe rre d . I n  th e  case of reaso n 
ably sim ple  and  sm all to  m o d era te ly  l^ rg e  castings, 
which a re  to  be m ade  in  la rg e  nu m b ers and  which 
m ust be s tro n g  and  sound, th e  p e rm an en t-m o u ld  
process is adv isab le.

Comparison of the Processes.



C o m p ared  w ith  sa n d  c a s tin g , th e  p rocess o f cas t
ing  in  p e rm a n e n t  m ou lds h a s  l im ita t io n s  as re g ard s  
size o f  cas tin g s, a n d  w h ils t la rg e  a n d  com plicated  
c a s tin g s  a re  n o t n o rm ally  m ad e  com m ercially  in  
p e rm a n e n t m oulds, re c e n t p ro g ress in d ic a te s  th a  
th e  size an d  co m p lex ity  of th e  c a s tin g  is  lim ited  
la rg e ly  by th e  in g e n u ity  o f th e  m ou ld  designer. 
T h ere  is l i t t le  q u estio n  b u t  t h a t  m an y  cas tin g s  a re  
m ade  in  th e  san d  fo u n d ry  w hich  m ig h t p ro fitab ly  
be m ade  b y  die  ca s tin g , an d  i t  is also t r u e  t h a t  
som e cas tin g s  a re  m ad e  in  p e rm a n e n t  m oulds which 
shou ld  be m ad e  by d ie  ca s tin g . O n th e  
h an d , som e p a r ts  a re  m ad e  by d ie  c a s tin g  w hich  
should  be p ro d u ced  by  p e rm a n en t-m o u ld  ca s tin g , 
o r  in  th e  san d  fo u n d ry , an d  i t  is o n ly  possible to  
d e te rm in e  th e  co rrec t m eth o d  to  em ploy  b y  con
s id e ra tio n  o f th e  ty p e  o f cas tin g s  to  be p ro d u ced . 
E m p h asis  shou ld  be  la id  u p o n  th e  fa c t  t h a t  th e  
m echariical p ro p e rtie s  o f p e rm a n en t-m o u ld -c as t 
a lloys a re  su p e rio r  to  th o se  of d ie -cas t a n d  sa n d - 
c as t a lloys; p e rm an en t-m o u ld  cas tin g s , w hen  p ro 
perly  m ade, a re  sound  a n d  f r e e  fro m  p o ro s ity , 
whiie d ie  cas tin g s a re  in v a r ia b ly  u n so u n d  a n d  con
ta in  nu m ero u s blowholes. S an d  c a s tin g s  te n d  to  
have g re a te r  g en era l u n so u n d n ess th a n  p e rm a n e n t-  
m ould castings.

G enera lly  sp eak in g , th e  p e rm a n e n t  m o u ld  is 
ch eaper to  m ake th a n  th e  d ie  em ployed  in  d ie  
cas tin g , f irs t because th e  g re y  c a s t  iro n  u sed  fo r  
th e  fo rm er is m ore  eas ily  m ac h in ed  th a n  th e  
ch ro m e-v an ad iu m  stee l u sed  fo r  th e  l a t t e r ,  a n d  
second, because, o rd in a r ily , th e  e x tre m e  a cc u rac y  
specified in  th e  d ie  is  n o t  n o rm ally  r e q u ire d  in  th e  
m ould. M oreover, th e  c a s t iro n  does n o t  re q u ir e  
h e a t t r e a tm e n t,  w h ereas consid erab le  h e a t  t r e a t i n g  
is necessary  in  d ie  m ak in g . T h e  r a te  o f o u tp u t  by 
p e rm an en t-m o u ld  ea s tin g  is  m ore  ra p id  t h a n  b y  
san d  c a s tin g , b u t  less th a n  by d ie  c a s tin g , a n d  th e  
accu racy  is g re a te r  th a n  in  san d  b u t  less th a n  in 
dies. T he speed o f p ro d u c tio n  in  p e rm a n en t-m o u ld  
c a s tin g  is, o f course , d e p en d e n t u p o n  th e  size  and  
ty p o  of th e  c a s tin g  b e in g  m ade , th e  co m position  of 
th e  alloy used, a n d  th e  ty p e  o f m ould  em ployed, 
r e fe r r in g  m ore especially  to  w h e th e r a u to m a tic  o r 
h a n d -o p e ra te d  m oulds a re  used . T he r a te  of p ro 
d u c tio n  is also a ffected  m ark ed ly  by  th e  corino- 
an d  as to  w h e th e r san d  o r  co llapsib le  s tee l cores 
a r e  used . R a te  of o u tp u t  can  be  in creased  for
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sm all a n d  sim p le  cas tin g s  by g a tin g  several 
to g e th e r  in  a  p e rm a n e n t  m ould  a n d  c as tin g  from  
one ru n n e r ,  as in  a  san d  m ould . T he d ie -cas tin g  
process h as th e  a d v a n ta g e  of g re a t  speed an d  
accu racy , *and i t  is m uch  m ore econom ical th a n  
sand  c a s tin g  o r  p e rm a n en t-m o u ld  c a s tin g  fo r  cer
ta in  ty p es  of p a r ts .  H ow ever, w here  d e fin ite  p h y 
sical p ro p e rtie s  a re  d em an d ed  a n d  w here  cas tin g s 
a re  to  be h e a t  t r e a te d ,  e .g ., a lum in ium -alloy  cas t
ings, th e  p e rm a n en t-m o u ld  process is to  be  p re 
fe rre d . D ie  cas tin g s  c a n n o t be  h e a t  t r e a te d  to  
a d v an tag e , f irs t because  th ey  a re  u n so u n d  a n d  
“  b low -holey ,” a n d  th e re fo re  u n re liab le  as to  
s t re n g th , an d  second, because  h e a t in g  fo r  a n n ea l
in g  o r q u en ch in g  causes evo lu tio n  of gas from  th e  
in te rn a l  holes a n d  co n seq u en t b lis te rin g . L a rg e r  
cas tin g s  can be  m ad e  in  p e rm a n e n t  m oulds th a n  
in  dies, a n d  d e fin ite  a n d  re liab le  p ro p e rtie s  can  be 
secu red . F ro m  th e  p o in t of view  of en g in eerin g  
co n stru c tio n , p e rm an en t-m o u ld  cas tin g s  a re  m uoh 
to  be p re fe r re d  o v er d ie  cas tin g s o r san d  cas tin g s, 
since th e y  possess b e t te r  physica l p ro p e rtie s  for 
th e  sam e alloy an d  a re  m ore free  from  blowholes 
an d  p o rosity .

I n  th e  m a t te r  o f  slush  cas tin g , th is  process occu
pies a d is t in c t  field of usefu lness fo r th e  p ro d u c 
tio n  of hollow an d  th in -w alled  cas tin g s in  low- 
m eltin g  p o in t alloys, b u t  i ts  scope of a p p lic a tio n  is 
scan t. T h e  O oth ias process does n o t offer any  p a r 
t ic u la r  a d v a n ta g e  over p e rm an en t-m o u ld  c a s tin g  
ex cep t t h a t  th e  use o f m echan ical p re ssu re  ten d s  
to  g ive finer g ra in e d  a n d  s tro n g e r  cas tin g s. A t 
th e  sam e tim e , th e  p rocess is lim ite d  as to  th e  ty p es 
o f cas tin g s t h a t  can  be m ad e  by i t ,  and  also by 
th e  c ircu m stan ce  th a t ,  so f a r ,  i t  is  ap p licab le  only 
to  fa ir ly  low -m elting  p o in t  alloys. I t  has n o t 
been used  fo r b rass  a n d  c a s t  iro n . C e n tr ifu g a l 
c as tin g s is a  u sefu l process fo r  th e  p ro d u c tio n  of 
cy lin d rica lly -sh ap ed  cas tin g s , a n d  ow ing to  th e  
p re ssu re  e x e rted  by th e  c e n tr ifu g a l  force , i t  y ields 

■ fin e-g ra ined  an d  s tro n g  cas tin g s. M oreover, any  
alloy can  he  c a s t  c en tr ifu g a lly . T h e  process 
can n o t, how ever, h av e  w ide a p p lic a tio n  in th e  
fo u n d ry  in d u s try  because  of in h e re n t lim ita tio n s  in 
th e  ty p e  of c a s tin g  t h a t  c an  be m ade by it.

A ny alloy an d  a lm ost a n y  ty p e  o f p a r t  c an  be 
cas t in  a p e rm a n e n t  m ould as in  a  sand  m ould, and  
of th e  v a rio u s c a s tin g  processes involv ing  th e  use

63



of m e ta llic  o r  p e rm a n e n t- ty p e  m oulds, th is  has the  
g re a te s t  scope an d  w id est p o ssib le  ap p lic a tio n s . 
The process c an n o t, of course, be  considered  for 
sm all lo ts o f cas tin g s, n o r fo r  co m p lica ted  cas tin g s 
w ith  severe co rin g , so t h a t  fo r  jo b b in g  w ork and 
th e  p ro d u c tio n  of la rg e  a n d  co m plica ted  cas tin g s 
th e  sa n d  fo u n d ry  w ill a lw ays m a in ta in  its , p lace 
in  b o th  fe rro u s  and  n o n -fe rro u s  alloys.

Principles of the Permanent-Mould Process.
The process of m ak in g  cas tin g s  in  p e rm a n e n t 

m oulds, irre sp ec tiv e  of th e  alloy  a n d  th e  ty p e  of 
m oulds, consists essen tia lly  in  p o u rin g  th e  liqu id  
alloy in to  th e  p rev iously  h e a te d  a n d  assem bled 
m ould, dissem bling  th e  m ould  a s  soon a s  th e  alloy  
h as frozen , and th e n  rem oving  th e  cas tin g . T he 
m ould is th e n  re-assem bled a n d  is re a d y  fo r  a n o th e r  
p o ur. I n  o p e ra tio n , th e  m ould  is f irs t h e a te d , an d  
k e p t a t  a  su itab le  te m p e ra tu re  by  th e  a p p lic a tio n  
of e x te rn a l h e a t, an d  th e  v a r io u s  p a r ts  a re  c lam ped  
t ig h tly  to g e th e r, th e  alloy b e in g  p o u red  as in  sa n d  
p rac tice . The ca s tin g  freezes a lm o st im m ed ia te ly , 
th e  core— if of m e ta l— is w ith d raw n , a n d  th e  m o u ld  
is p a r te d , allow ing e je c tio n  o f th e  c a s tin g . As 
s ta te d  in  a n o th e r  p lace  by th e  w r i te r s 50, th e  fo l
low ing th re e  item s a re  e ssen tia l fo r  th e  successfu l 
p ro d u c tio n  o f p e rm an en t-m o u ld  cas tin g s , v iz . :  —  
(1) A m eta llic  m ould  w hich w ill w ith s ta n d  th e  
action  o f th e  liq u id  alloy as w ell as r a p id  c h an g e s  
in  te m p e ra tu r e ; (2) a n  alloy su ita b le  fo r  c a s t i n g ; 
a n d  (3) a  design  of m ould  a n d  c a s tin g  a n d  a  m eth o d  
of g a tin g  w hich w ill e n su re  th e  p ro d u c tio n  o f  good 
sound cas tin g s. I n  ap p ly in g  th e  p e rm a n en t-m o u ld  
process to  th e  p ro d u c tio n  of c a s tin g s  in  specific  
alloys, especial co n sid era tio n  is to  be  g iv en  to  th e  
c h a ra c te ris tic s  of th e  alloys, a n d  th is  m a t te r  is 
d e a lt w ith  a t  f u r th e r  le n g th  in  a la te r  sec tion  o f 
th e  P a p e r .

T h ere  a re  a n u m b er of im p o r ta n t  fa c to rs  g o v ern 
ing th e  successful p ro d u c tio n  of good p e rm a n e n t-  
m ould cas tin g s w ith  a  m in im um  of w a s te rs , a n d  th e
follow ing m ay  be ta k e n  as th e  m o st im p o r t a n t :__
(1) T e m p e ra tu re  of th e  m o u ld ; (2) p o u rin g  tem 
p e ra tu re  of th e  a llo y ; (3) speed of o p e ra tio n , i.e ., 
nu m b er o f cas tin g s  p o u red  p e r u n i t  of t im e ;  (41 
o rd e r  in  w hich core  p ieces a re  rem oved , if col
lapsib le  s tee l cores a re  em p loyed ; an d  (5) th e  size 
a n d  lo ca tio n  o f g a tes , r is e rs , feeders, v e n ts , etc
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i.e ., th e  m eth o d  o f m ou ld ing . T he effects of these  
fa c to rs  u p o n  m ou ld  o p e ra tio n  in  th e  p ro d u c tio n  of 
a lu m in iu m -allo y  p is to n s  h a v e  been  d iscussed  by th e  
w r ite rs4" in  a n o th e r  p lace , a n d  th e  p rin c ip le s  th e re  
e lu c id a ted  a r e  a p p licab le  in  g e n e ra l to  th e  p ro d u c 
tio n  of m ost k in d s  o f c a s tin g s  in  v a rio u s  alloys.

T he fu n d a m e n ta l  p rin c ip le s  u p o n  w hich p e rm a 
n e n t  m oulds a re  b u i lt  a n d  o p e ra te d  a re  su b s ta n 
t ia l ly  th e  sam e, a n d  Székely* h as p a te n te d  th e  
g en era l p rin c ip le s  of p e rm a n en t-m o u ld  c a s tin g .2
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F i g . 8 .— P l a n  o f  P e r m a n e n t  M o u l d , C l o s e d  (S zeke ly ) .
M an y  im pro v em en ts  h a v e  b een  m ade, how ever, in 
th e  p a s t  te n  y ea rs , p a r tic u la r ly  in  th e  co n stru c tio n  
a n d  o p e ra tio n  of m oulds fo r  th e  p ro d u c tio n  of 
specific k in d s  o f cas tin g s. R e fe r r in g  to  th e  Sz6kely 
p a te n t ,  F ig s . 8 to  11 inclu siv e  show  a  fo rm  of p e r 
m a n e n t m ould . F ig . 8 is  a  p la n  o f th e  closed 
m ould, w hich  is m ad e  u p  in  seven p a r t s ;  F ig . 9 
is a n  en d  view  of th e  m ould  ; F ig . 10 is a  f ro n t  
e levation  as seen  from  th e  le f t  o f F ig . 9 ;  an d  
F ig . 11 is a  p la n  show ing th e  m ould  th ro w n  open.

• U.S. P a ten t No. 841,279. Jan u a ry  15, 1907
D
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R e fe rr in g  to  th ese  figures, c in R ig . 11 d es ig n a tes  
th e  c a s tin g  p ro d u c ed  in  th e  m ould . T he m ould 
itse lf  consists o f a  base, 1, m ovable sides, 2, 2, 
m ovable ends, 3, 3, a n d  m ovable  to p  p la te s , i ,  It- 
T h e  m ould  sides, 2, a re  slid ab le  on th e  base and 
a re  m oved th e re o n  by screw s, 5, ro ta ta b le  in n u t 
bearin g s, 6, on th e  base, a n d  h a v in g  c ran k - 
wheels, 7. T he m ould ends, 3, a r e  also s lidab le  
on  th e  base, an d  a re  o p e ra te d  by screw s, 8, ro ta t in g  
in  n u t  b ea rin g s , 9, on  th e  base. T he to p  p la te s , i ,  
a re  h in g ed  a t  10 to  th e  resp ec tiv e  sides, 2, and  
tu r n  a b o u t th ese  h inges, w hich co n n ec t th e  to p  
p la te s  to  th e  resp ec tiv e  m ould  sides, 2. W h en  th e  
to p  p la te s  a re  down in  p lace, th e y  a re  locked by 
m eans o f sw ing bolts, 11, which a re  h in g ed  to  th e  
respec tive  m ou ld  ends, 3, an d  en g ag e  s lo tte d  lugs, 
12, on o ne  of th e  p la te s , 4 . T he sw ing b o lts  h a v e  
a wheel n u t.  In  one of th e  to p  p la te s  th e re  is an  
o u tle t, lit, f ° r  th e  gases from  th e  m ould . S u ita b le  
core recesses a re  p ro v ided  in  th e  m ould  to  s u i t  th e  
p a r tic u la r  o b jec t b e in g  cast.

In  th e  o p e ra tio n  of c a s tin g , th e  sec tio n s o f  th e  
m ould a re  se p a ra te d , th e  cores a re  se t, a n d  th e  
in te r io r  su rfaces o f th e  m ould  co ated  w ith  a  s u i t 
able wash. T h e  m ould  sec tio n s a re  th e n  b ro u g h t  
to g e th e r by m eans of th e  screw s, as in  F ig . 8, a n d  
th e  liq u id  alloy is p o u re d  in to  th e  g a te , 13, u n t i l  
i t  ap p ea rs  a t  th e  r ise r , Ilf. A f te r  th e  alloy h as 
tim e  to  freeze so as to  ta k e  th e  fo rm  o f th e  m ould , 
th e  m ould is th ro w n  open . T he t im e  d u r in g  w hich  
th e  cas tin g  rem a in s  in  th e  m ould is a b o u t 20 secs. 
The m ould is opened by f irs t re le a s in g  th e  to p  
p la tes, It, a n d  tu r n in g  therm back  on th e i r  hiniges, 
and  th e n  ru n n in g  back  th e  m ould  sides 2 a n d  
m ould ends 3 by  m eans o f th e i r  re sp ec tiv e  screw s. 
T his is  th e  p o sitio n  o f th e  p a r ts  seen in  F ig .  11, 
an d  i t  leaves th e  ca s tin g  free  from  confin ing  p re s 
su re  o r  co n tac t w ith  th e  m ould  on a ll sides a n d  a t  
th e  to p .

T he m ould described in  F ig s. 8 to  1 1  in clusive  
is fo r cas tin g  a r a th e r  i r re g u la r ,  in tr ic a te ,  and  
hollow pum p section  in  c a s t iro n  o r  s teel. I n  c a r ry 
ing  o u t th e  process of Sz6kely , i t  is specified  t h a t  
th e  m ould is opened as soon a s  th e  su rfa c e  of th e  
ca s tin g  shell h a s frozen  sufficiently  to  r e ta in  th e  
shape  of th e  cav ity , and  a s u ita b le  w ash  o r  co a tin g  
is specified for a p p lica tio n  to  th e  c av ity  surfaces.
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In  th is  m ould, a  san d  core is vised, b u t  collapsib le 
steel cores can  be ap p lied .

I n  th e  o p e ra tio n  of m ost ty p e s  of p e rm a n e n t 
m oulds, th e  p ro p e r  re la tio n  betw een  m ould  te m 
p e ra tu re s , p o u rin g  te m p e ra tu re s , a n d  g a tin g  m u st 
be w orked o u t to  en su re  th e  p ro d u c tio n  of sound 
cas tin g s w ith  a  m in im u m  of w aste rs .

Some Typical Examples of Permanent Moulds.
As p o in te d  o u t  p rev io u sly , th e  th re e  re q u is ite s  

fo r  successfu l p e rm an en t-m o u ld  ca s tin g  a re  as 
follows, viz. :■— (1) A su itab le  m ould  from  th e  p o in t 
of view  of th e  m a te ria l  em ployed fo r  th e  body of 
th e  m ould  an d  fo r  th e  core, a n d  from  th e  p o in t  o f 
view  of d e s ig n ; (2) a  su itab le  a llo y ; a n d  (3) a  s u i t 
ab le  design of cas tin g . S ince  a  d iffe re n t ty p e  of 
m ould can  be em ployed fo r every  ty p e  o f c a s tin g  
produced , i t  is useless to  describe  m an y  ty p e 6, b u t  
since th e  fu n d a m e n ta l p rin c ip les  upon  w hich  p e r 
m an en t m oulds a re  b u ilt  an d  o p e ra te d  a re  th e  
sam e, d esc rip tio n  of a  few  ty p ic a l m ou lds w ill be  
sufficient fo r p re se n t p u rposes. M oulds m ay  be 
en tire ly  h and  o p e ra te d , sem i-au to m a tic , o r  p ra c 
tica lly  e n tire ly  au to m a tic , a n d  in  th e  a u to m a tic  
ty p e  of m oulds m echan ical devices a re  em ployed  
fo r open ing  a n d  s h u t t in g  th e  m oulds. C ores a r e  
norm ally  se t by  h an d  in  m o st ty p es  of m oulds, b u t  
in p e rm a n en t m oulds fo r  c a s tin g  p ipe-fittin g s*  th e y  
m ay be o p e ra te d  m echan ically . I n  p e rm a n e n t-  
m ould w ork, th e  c a s tin g  im press ion  o f th e  m o u ld  
m ust necessarily  be  la rg e r  th a n  th e  d e s ired  fin ished  
casting , so as to  allow fo r  c o n tra c tio n , a n d  th e  
e x ac t c o n tra c tio n  allow ance is d e p e n d e n t u p o n  th e  
alloy em ployed. A g a te  o r  g a te s  m u s t be  p ro v id e d  
in th e  m ould fo r  p o u rin g , a n d  su itab le  r is e r s  an d  
ven ts a re  cu t to  p e rm it  feed in g  th e  o ast a n d  to  
p e rm it th e  escape of a i r  an d  gases, th e re b y  p re 
v e n tin g  blowholes. I n  p e rm a n e n t  m oulds, th e  
m oulds a re  designed  an d  co n stru c ted  in  sec tio n s, 
h av in g  in view  th e  f a c t  th a t ,  a f te r  a  c a s tin g  is 
poured , th e  cores m u st he  rem oved if  co llapsib le  
s tee l cores a re  em ployed, a n d  th e  m ou ld  p a r te d  
ra p id ly  so as to  p re v e n t th e  ca s tin g  from  c o n tra c t
in g  on th e  core o r  a ro u n d  p ro jec tio n s  in  th e  m ould- 
cav ity , an d  th u s  cause c rack in g .

As in d ic a te d , th e re  a re  m an y  ty p es  of p e rm a n en t 
m oulds em ployed fo r p a r t ic u la r  k in d s  of cas tin g s, 
b u t  on ly  a  few of th ese  can  be described  h ere .
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Types of Moulds.
T he sh ap e  of th e  c a s tin g  to  be m ade , a n d  its  size, 

a s  well as th e  co rin g  necessary , d e te rm in e  to  some 
e x te n t  th e  ty p e  o f m ould  to  be  em ployed in  p e rm a 
nen t-m ou ld  c a s tin g  p ra c tic e . G en era lly  sp eak in g , 
th e re  a re  a b o u t fo u r  basic  ty p es  o f m oulds, each 
one a d a p te d  to  m ee t th e  re q u ire m e n ts  in  m ak in g  
specific cas tin g s  m ost p ra c tic a lly  a n d  econom ically . 
T yp ical m ou lds a re  described  below , a n d  th e  f irs t 
th re e  ty p es  a re  su b s ta n tia lly  th e  sam e as th o se  used  
fo r  a lu m in iu m -allo y  p is to n  p ro d u c tio n .5“

I n  th e  firs t ty p e  of m ould , th e  m ould  body

F i g .  1 0 .— F r o n t  E l e v a t i o n  o f  P e r m a n e n t  M o u l d  a s  sf.f .n  
f r o m  t h e  L e f t  o f  F i g .  9  (S z e k e l y ) .

p ro p e r  is c o n s tru c ted  of tw o  ha lves o r  of several 
sec tions m o u n te d  upon  a f la t b ase  p la te  which 
fo rm s p a r t  of th e  ca s tin g  a n d  is essen tia lly  th e  
bo ttom  o f th e  m ould . W h ere  th e  body is m ad e  of 
tw o h a lves, th e se  m ay be h in g ed  to g e th e r  an d  
s lidab ly  p a r te d ,  o r  else th e y  m ay  r id e  to  a n d  fro  
upon a  t r a c k . T he ha lv es c o n ta in  th e  m ould 
im pression  an d  th e  g a te s  an d  ru n n e rs , an d  th ese  
cav itie s  m ay  be c u t  in  on ly  o ne  of th e  ha lves o r 
both. F o r  f la t  c as tin g s, th e  cav ity  is u su a lly  c u t 
in  one-half. F ig . 12 shows a  m ould  o f th e  firs t 
ty p e  b u ilt  upon  a  b ase  p la te  t h a t  serves to  form  
p a r t  of th e  cas tin g , an d  in  th is  m ould  th e  body
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p ro p e r is b u ilt up  of sev era l sec tio n s, a n d  the  
la rg e s t section  is iixed  in  p o sitio n  u pon  th e  base 
p la te . T he p a r t in g  is n o t equ i-axpd  w ith  respec 
to  th e  m ourd body, b u t  th e  ir r e g u la r  sections 
(F ig . 13) a re  sim ply  l if te d  o u t  w hen th e  m ould  is 
d issem bled. F ig . 12 show s th e  m ould  assem bled 
an d  re ad y  fo r  p o u rin g , w hile  F ig . 13 shows th e  
m ould  d issem bled. T h is p a r t ic u la r  m ou ld  is used 
in  F re n c h  p ra c t ic e 40 fo r c a s tin g  d y n a m o -s ta r te r  
c a s tin g s  in  a lu m in iu m  alloys.

I n  th e  second ty p o  o f m ould  th e  body  p ro p e r  con
sis ts  of tw o halves, w hich a re  slid ab ly  m o u n ted  
upon  a  f la t  b ase-p la te , w hich  is sim p ly  a  m o u n tin g  
a n d  n o t  used  as p a r t  of .th e  c av ity  p ro p e r. T h e  
m ould ha lves a re  a c tu a te d  by  lev e rs  fo r  p a r t in g  
a n d  c losing, an d  th e  halves a re  h e ld  in  a lig n m e n t 
by dowel p in s o r  by a  clam p a n d  lock. T h e  ha lv es 
m ay  e ith e r  be h in g ed  to g e th e r  or else r id e  u p o n  a  
tra c k , an d  th e  h in g ed  ty p e  is  m o re  u su a l. 
N orm ally , th e  cas tin g -ca v ity  -an d  th e  g a te s  a n d  
ru n n e rs  a r e  c u t in  b o th  h a lv es, b u t  th e  g a t in g  c u ts  
m ay be in  on ly  one o f th e  ha lves. I n  such  m ou lds 
th e  c as tin g  c av ity  is u su a lly  eq u i-ax ed  w ith  re sp ec t 
to  th e  line  o f p a r tin g . I n ' t h i s  ty p e , w hen  u s in g  
th e  h in g e  a rra n g e m e n t, a f la t, sm ooth  su rfa c e  is 
req u ired  upon  w hich th e  h a lv es w ill s lid e  easily , 
while w ith  th e  tra c k  a r ra n g e m e n t th e  h a lv es  m ay  
be a c tu a te d  on a  ra ck , o r  by  m ean s of a  w orm  
screw , m uch  in  th e  sam e m a n n e r  t h a t  a  v ice  is 
opened an d  closed.

F ig . 14 shows a  d e ta i l  d ra w in g  o f a  m o u ld  of 
th e  second ty p e . T h is m ould  w as em ployed  in  E n g 
lan d  d u rin g  th e  la te  w a r fo r  c a s tin g  a lu m in iu m - 
alloy paoking-p ieces fo r a e ro p la n e -s tru ts .  T he m ould  
consists o f t h e  tw o  halves, 1, 1, do w elled to g e th e r  
a n d  h in g ed  a ro u n d  th e  s tu d , 7, w hich  is fixed  to  
th e  b ase  s ta n d a rd , S. T he m ou ld -cav ity  is equ i- 
axed  w ith  re sp ec t to  th e  m ould  p a r t in g ,  a n d  th e  
two in se rts , 4, 4, a re  f itte d  to  fill u p  th e  p lan e d  
slo ts (section  N X ). These tw o in se r ts  a re  screw ed 
in to  p o sitio n , b u t  th e  screw s a re  n o t  show n in  th e  
d raw in g . T h is  m ethod  of m ak in g  th e  m ould  is 
a d o p ted  to  sim plify  th e  m ac h in in g  o p e ra tio n s . 
R u n n e r  blocks, 2, 2, a re  also screw ed to  th e  m ould 
h a lv e s ; h e re  also, th e  screw s a re  n o t  show n in  th e  
d raw in g . T h e  core, 5, fo rm s th e  s lo t in  th e  cast
ing  an d  is  r iv e te d  to  lever, 10, w hich  m oves on 
fu lc ru m , 9, fo r ra is in g  an d  lo w erin g  th e  core.



W hen core, 5,. is in  p o sitio n , i t  is re ta in e d  by core 
p in , 11, w hich fo rm s th e  hole in  th e  c a s tin g . The 
two han d les , 12, 12, a re  fo r  o p en in g  a n d  closing 
th e  m ould . T h e  sm all d ia g ra m  in  th e  u p p e r  r ig h t-  
h a n d  c o rn e r o f  th e  figu re  shows th e  finished 
c a s tin g .

F ig . 15 is a  d e ta il d ra w in g 38 o f a n o th e r  m ould of

D

F i g . 1 1 .— P l a n  o f  P e r m a n e n t  M o u l d , t h r o w n  
O p e n ;  cf. F i g . 8  (S zé k e ly ).

th e  second ty p e . T his w as used  in  E n g la n d  fo r 
c a s tin g  sm all gear-w heels in  a  z inc-base  alloy, b u t 
th e  sam e m ould  cou ld  be used  fo r a lu m in iu m  alloys. 
T h e  m ould  consists of tw o  ru n n e r  blocks, 1, 1, 
f itted  w ith  h a n d le s  a n d  h in g ed  a ro u n d  th e  s tu d , 5, 
w hich is  screw ed (to th e  b ase -p la te , 2. The base
p la te  is screw ed to  th e  base  s ta n d a rd ,  S. T h e  tw o 
ru n n e r  blocks fo rm  th e  u p p e r  boss, o r hub , of th e  
wheel, an d  a re  held  in  c o n tig u ity  by th e  stop  
p in , 6. T he r in g , 4, is 6e t  in th e  base  p la te , and



fo rm s th e  te e th  of th e  g e a r  wheel, th is  r in g  h av in g  
th e  re v e rse  im press ion  of th e  g e a r  te e th  c u t  on th e  
in sid e  d iam e te r . T h e  o th e r  h u b  of th e  g e a r  is 
fo rm ed  in  th e  base  p la te . T he core p in s, 7, of 
w hich  th e re  a re  fo u r, an d  th e  s in g le  co re  p m , 8, 
a re  m ade  to  s lid in g  fit in  2 a n d  S , a ll be ing  
o p e ra te d  by sh a n k , 10, as in  th e  m ould  shown in 
F ig . 14.

# 7 2

F i o .  1 2 .— P e r m a n e n t  M o u l d  f o r  M a k i n g  D t n a m o -  

S t a r t e r  C a s t i n g s ,  A s s e m b l e d  (G u ille t) .

In  th e  th i r d  ty p e  o f m ould th e  body  p ro p e r  con
sists  of tw o ha lves, w hich  a re  m o u n t« !  u p o n  a  v e r
tic a l  a rm  so t h a t  on e  of th e  ha lves m ay  be  sw ung  
to  a n d  fro  in  th e  m a n n e r  of a  fence  g a te . T h e  
eastin g -o av ity  m ay  be c u t  in  one o r b o th  ha lv es, as 
m ay  be  th e  r u n n e rs  a n d  g a tes , b u t  a ll c a v itie s  a re  
no rm ally  c u t in  b o th  h a lves, a n d  p re fe ra b ly  eq u i- 
ax ed  w ith  re sp ec t to  th e  l in e  of p a r t in g .  M oulds 
of th e  th i r d  ty p e  h a v e  been developed by C u s te r  
a n d  used  fo r  m ak in g  cas t-iro n  p ip e  f i tt in g s , such 
as T  and  Y sections.
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In  th e  fo u r th  ty p e  o f m ould , th e  body p ro p e r 
consists of tw o halves, one o f w hich is fixed in  posi
tio n  on  a  su ita b le  m o u n tin g , an d  th e  o th e r  is 
a c tu a te d  m echan ically  fo r  o p en ing  an d  closing th e

m ould. The m ovable h a lf  m ay be s lid ab ly  m oun ted  
upon rods o r in o th e r  su itab le  w ay, and  th e  m ove
m en t is t r a n s m itte d  th ro u g h  g ears  an d  cam s. Such 
a  m ould m ay  be o p e ra ted  in d iv id u a lly , b u t  i t  is 
p re fe ra b ly  se t  u p  as a b a t te ry  on a revo lv ing  tab le .
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S ix  to  tw elve of such  m oulds m ay  be m o u n ted  on a 
rev o lv in g  ta b le ,  an d  th e  p o u r in g  is done a t  one 
p o in t fro m  a  p la tfo rm , th e  o p e ra to r  re m a in in g  
s ta tio n a ry .  S uch  an  a r ra n g e m e n t is i l lu s tra te d  m  
p h o to g rap h s  show n in  M o ld en k e’s P a p e r ,  whie
show m ech an ica lly -o p era ted  m ould  tab le s  em ployed 
a t  th e  p la n t  o f th e  H o lley  C a rb u re t to r  C om pany , 
D e tro it ,  M ich ., fo r  c a s tin g  cas t- iro n  c a rb u re tto rs .

S E C T I O N  X  X

F i g .  14.— D e t a i l  D r a w i n g  o f  P e r m a n e n t  M o u l d  

f o r  C a s t i n g  P a c k i n g  P i e c e s  f o r  A e r o p l a n e  

S t r u t s .  (The Me ta l  Ind. )

A sail'd core is used  in  th e se  m ou lds. T h e  m oulds 
open m echan ically  o n  ro ta t io n  of th e  ta b le  a f te r  
a  su itab le  sh o r t  in te rv a l of t im e  a f te r  p o u rin g , 
th e  cas tin g s a re  e jec ted , an d  th e  m ou lds a re  th e n  
closed m echan ically . B y  such an  a r ra n g e m e n t  i t  
is possib le to  increase  th e  r a te  of p ro d u c tio n  v erv  
m ark ed ly  over h a n d -o p e ra te d  m oulds.

F o r  la rg e  an d  com plica ted  cas tin g s, p e rm a n e n t  
m oulds becom e m ore  e la b o ra te , an d  som etim es 
re q u ire  tw o or m ore  p a r t in g s  and  in tr ic a te  cores



t h a t  slide in to  th e  m ould halves. U sually  th is  ty p e  
of m ould is m o u n ted  upon  a  heavy  b ase -p la te  and  
rides upon  tra c k s , th e  m ould sections be ing  
a c tu a te d  by  m eans o f a  w orm  screw . In  m oulds of 
th is  ty p e  i t  is  com m on to  h av e  a s ta tio n a ry  m idd le  
sec tion , w ith  tw o m ovable  sections w ork in g  a g a in s t 
it. T he deg ree  of m echanical p e rfe c tio n  a tta in e d  
is, of course, d e p en d e n t upon  th e  in g e n u ity  o f th e  
m ould desig n er. W ith  in d iv id u a l m oulds, if  very  
la rg e , tw o  o r  m ore  o p e ra to rs  a re  req u ire d , b u t  fo r

F i g .  1 5 . — D e t a i l  D r a w i n g  o f  P e r m a n e n t  M o u l d  

f o r  C a s t i n g  S m a l l  G e a r  W h e e l .  (The Metal  
Ind.)

sm all w ork  m echan ical devices m ak e  i t  possible fo r  
one m an  to  o p e ra te  a  m ould.

T he q u estio n  of cas t-iro n  m oulds fo r  p o u rin g  
ro llin g  in g o ts  in  steel a n d  n o n -fe rro u s  alloys need 
n o t be discussed h ere , an d  w hile  m en tio n  has n o t 
been m ade  h i th e r to  of p la s te r-o f-p a ris  m oulds, a 
w ord on th ese  l a t t e r  m ay  n o t be  o u t  of p lace  in 
passing . P la s te r-o f-p a r is  m oulds a re  used  to  some 
e x te n t  fo r p ro d u c in g  brass c a s tin g s  w ith  a fine su r 
face fin ish ,82 an d  such c a s tin g s  hav e  th e  a p p ea ran c e
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of d ie  cas tin g s o r  p e rm a n en t-m o u ld  castings. 
Alloys c a s t in  p la s te r-o f-p a r is  m oulds a re  porous 
a n d  u n so u n d , a n d  th ese  m ou lds a re  n o t p e r m a n e n t  
b u t d e stro y ed  on  each  p o u r. C a stin g s  p o u red  m  
p la s te r-o f-p a r is  m oulds a re  o f te n  re fe r re d  to  as 
perfmane-nt-tmould (castings because th e y  have  a 
good su rfa c e  a p p ea ran c e , h u t  th e  te rm  is incor i er 
an d  m is lead in g , an d  should  n o t he  ap p lied .

Patent Moulds.

V ery  m an y  p a te n ts  hav e  been  ta k e n  o u t re la tin g  
to  th e  p e rm an en t-m o u ld  c a s tin g  o f  ̂ a lloys, h u t  th e  
confines o f space p re v e n t d e ta ile d  d iscussion  of th is  
su b je c t h e re . A lthough  th e  idea  of c a s tin g  in  
p e rm a n e n t m oulds igoes back  to  3000 B.C., le t te r s  
p a te n t  b e a rin g  on  th e  process b e g an  to  a p p e a r  in  
th e  19th cen tu ry . T he e a rly  p a te n ts  d e a lt  la rg e ly  
w ith  th e  c a s tin g  of s te reo ty p e  p la te s  a n d  s im ila r  
c as tin g s. Two ty p ic a l e a r ly  p a te n ts  a re  U .S . P a t .  
Nos. 213,427, J a n u a ry  22, 1878, a n d  314,395, 
N ovem ber 30, 1883. E a r l ie r  p a te n ts  a re  on  re co rd . 
W ith  th e  o p en in g  of th e  2 0 th  c e n tu ry  a c o n sid e rab le  
n u m b er of p a te n ts  b eg an  to  be  issued  b e a r in g  u p o n  
every  conceivab le  a su ec t o f c a s tin g  in  p e rm a n e n t  
m oulds. T he m oulds described  a re  to  be  m ad e  o f 
cast-iro n , s teel, an d  o th e r  m e ta ll ic  m a te r ia ls , 
ab rasiv e  m ix tu re s , g ra p h ite ,  r e fra c to r ie s , a n d  w h a t 
no t, a n d  c la im s a re  m ad e  fo r  m ech an ica l p r in c ip le s  
of o p e ra tio n , and  fo r alloys to  be c as t. T h e  n u m 
bers of a  few  U n ited  S ta te s  p a te n ts  r e la t in g  to  
p e rm an en t-m o u ld  c a s tin g  a r e  g iv en  in  T ab le  I .

T a b l e  I .— A m erica n  P a te n ts  issu ed  in  co n n ec tio n  
w ith  P  e rm a n en t-M o u ld  C a stin g .

U.S. Pa t.
U.S. Pat. No. D ate No. D ate

695,091 Mar. 11 , 1902 1,097,847 Oct. 26, 1910
714,061 Jan . 2, 1902 1,104,037 Oct. 22, 1910
841,279 Jan . 15, 1907 1,019,905 Mar. 12, 1912
859,612 Ju lv 9, 1907 1,360,655 Nov. 30, 1920
904,759 Mar. 3, 1908 1,368 445 Feb. 15, 1921

1,042,092 June 3. 1910 1.410,776 Mar. 28, 1922

A lis t  of U n ite d  S ta te s  p a te n ts  on  th e  p e rm a 
n en t-m o u ld  c a s tin g  of a lu m in iu m -allo y  p is to n s  h as 
been given by th e  w r i te r s 50 in  a n o th e r  P a p e r .
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T ab le  I I  g ives a  few p a te n t  re fe ren ces to  perm a- 
n en t-m o u ld  c a s tin g  issued in  o th e r  co u n trie s .
T a b l e  I I .— P a te n ts  o th er  th a n  A m erica n  issued  in  

connection  w ith  P erm a n en t-M o u ld  C asting .
Country. Pat. No. Date.

G erm any.. 119,643 Jan . 16,1900
France 338,645 Nov. 13,1903
France 479,158 Feb. 28,1916
England 105,101 Mar. 29,1916
England 192,978 April 11,1923

MATERIALS FOR MOULDS AND CORES.

M aterials for Moulds.
M a te r ia ls  fo r c o n s tru c tin g  p e rm a n e n t  m oulds 

a re  r a th e r  lim ited , th e  m ore re ad ily  av a ilab le  being  
c a s t iro n , steels of v a rio u s  k in d s, n ich rom e, and  
m alleab le  iro n . ¡Such m a te ria ls  as g ra p h ite  and  
v a rio u s  re fra c to ry  su b s tan ces  h av e  been em ployed, 
b u t  th ese  have  v e ry  d e fin ite  l im ita tio n s . G rey  c a s t 
iro n  is a  su itab le  m a te r ia l,  an d  is m uch e as ie r  to  
sh ap e  an d  m ach in e  th a n  is steel, p a r tic u la r ly  alloy 
s teel. M ild s tee l h as been em ployed sa tis fac to r ily , 
w hilst sem i-steel an d  m alleab le  iron  h av e  jbeen used 
to  a  less e x te n t .  A lloy steels such as used  fo r  die- 
c a s tin g  d ies a re  expensive , a n d  th e  g en era l te n 
dency  in  p e rm an en t-m o u ld  co n stru c tio n  is to  em 
ploy g rey  c a s t  iro n  T h ere  h as been  considerab le  
d iscussion as to  th e  b est com position  of c a s t  iron  
fo r use  in  p e rm a n e n t  m oulds fo r  n o n -ferro u s alloy 
cas tin g , b u t  th e  w rite rs  a re  in clin ed  to  believe t h a t  
th is  h a s been  over-em phasised , since  very  sa tis fa c 
to ry  re su lts  have  been  secu red  u s in g  o rd in a ry  ru n  
of fo u n d ry  iro n . C lose-g rained  iro n  of th e  o rd e r  
o f sem i-steel does, how ever, seem  to  y ield  lo n g er 
life  a n d  less d is to r tio n  th a n  o rd in a ry  g rey  iro n .

A sa tis fa c to ry  com position  is s ta te d  to  be  as 
fo llo w s:—C om bined carb o n , 0 .1 3 ; g ra p h it ic  carbon , 
2 .98 ; silicon. 2 .1 5 ; su lp h u r, 0 .086; phosphorus, 
1 .26; an d  m an g an ese , 0.41 p e r  c en t. O th e r  
analyses a re  g iven  in a n o th e r  P a p e r  by  th e  
w r i te r s .50

G rey iro n  m oulds, p a r tic u la r ly  w hen used  fo r 
p o u rin g  alloys m eltin g  above 600 deg. C ., m ay 
w arp , grow , and  becom e d is to r te d  in service, and
such g row th  an d  d is to r tio n  a re  -v e ry  m ark ed ly
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affected  by th e  s ilico n -co n ten t of th e  iro n . R u g an  
a n d  C a rp e n te r 1 12 14 25 h a v e  show n t h a t  th e  d ire c t 
cause  o f g ro w th  o f g re y  iro n  is d u e  to  th e  exp an siv e  
fo rce  e x e r te d  by th e  o x id a tio n  of iron  silic ide , and  
th e  gases n itro g e n  a n d  hyd ro g en  in c rease  g ro w th  
w hen th e  s ilico n -co n ten t of th e  iro n  is betw een 
1 a n d  3 p e r  c en t. P h o sp h o ru s, m an g an ese , an d  
s u lp h u r  in  in c re as in g  a m o u n ts  te n d  to  d im in ish  
g ro w th , a n d  th e  re su lts  o f a ll e x p e r im e n ts  m ade 
to  d a te  show t h a t  th e  g ro w th  o f g re y  iro n  on 
re p e a te d  h e a tin g  a n d  cooling is a d ire c t  fu n c tio n  
o f th e  s ilico n -co n ten t. H ow ever, u n less g ra p h ite  
is p re se n t, silicon of its e lf  is innocuous. S in ce  th e  
so lu tio n  o f g ro w th  d ifficulties lies in  u s in g  m a te ria l  
w hich co n ta in s  no  fre e  carb o n , a n d  f u r th e r ,  does 
n o t d ep o sit carb o n  on  h e a tin g , th is  ru le s  o u t all 
g rey  irons a n d  m an y  w hite  irons. W h ite  iro n s  a re ,  
of course, unm ach in eab le , a n d  th e y  a lm o st a lw ays 
c rack  on h e a tin g , so t h a t  th e  on ly  a l te rn a t iv e  in  
fe rro u s  m a te ria ls  is to  em ploy  steels. T he a c tu a l 
a m o u n t o f  g row th  in g re v  iro n  on re p e a te d  and  
p rolonged h e a tin g  m ay  b e  15 to  37 p e r  c e n t,  for 
silicon -con ten ts of 1 to  3.5 p e r  cen t, re sp ec tiv e ly . 
C a rp e n te r12 s ta te s  t h a t  an  iro n  a lloy  c o n ta in in g  
carbon , 3 .0 ; silicon, 0.6 to  0 .7 ; a n d  m an g a n ese , 0 .5  
p e r c en t., does n o t grow, w h ile  on e  c o n ta in in g  
carbon , 2 .5 ; m an ganese , 1 .5 ; silicon , 0 .5 0 ; an d  
0.10 p e r  c en t, each  o f su lp h u r  a n d  p h o sp h o ru s  
co n tra c ts  ab o u t 0.4 p e r  cen t, a f te r  re p e a te d  h e a t 
ing . O b jection  h a s  been m ad e  b y  som e to  h ig h - 
phospho ru s-co n ten t on  th e  g ro u n d  t h a t  th e  iro n - 
phosphorus e u te c tic  h a s  a  low m e ltin g -p o in t.  T he 
phosphorus in  g re y  iro n s  is u su a lly  p re s e n t  as a 
te rn a ry  eu te c tic , c o n ta in in g  iro n , 91 .2 0 ; c a rb o n , 
2 .0 ; p h o sphorus, 6.80 p e r  c e n t.,  an d  th e  m e ltin g - 
p o in t of o rd in a ry  g rey  iro n  is  re d u ce d  a b o u t  27 
deg. C. fo r each p e r  c en t, o f phosp h o ru s p re se n t .

G enera lly  sp eak in g , th e  life  of a  g rey -iro n  m ou ld  
is d e p en d e n t n o t so m uch  u p o n  th e  n u m b er o f c a s t
ings p o u red  as upon  th e  n u m b er o f  tim e s  i t  is 
allow ed to  cool to  th e  o rd in a ry  te m p e ra tu re .  T he 
g ro w th  of c a s t iro n  is acce le ra ted  b y  h e a t in g  and  
cooling, a n d  th e  s t ra in s  se t u p  b y  such t r e a tm e n t  
a r e  m ore  d e s t ru c tn  e th a n  th e  e rosive effect o f th e  
liq u id  alloys. I t  h a s  been  e s tim a te d  t h a t  a m ould  
used  co n tin u o u sly  will o u t la s t  fo u r  m oulds used 
on ly  a t  fa ir ly  f re q u e n t  in te rv a ls . U su ally , th e  
g a te s  a n d  r ise rs  a re  th e  f irs t p o in ts  to  show signs
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of d is in te g ra tio n , a lth o u g h  som e m oulds have  been 
re p o rte d  as be ing  in  serv ice  a s  long as five y ears  
an d  in  good co n d itio n . F re q u e n tly , how ever, i t  is 
necessary  to  renew  th e  g a te s  a n d  ru n n e rs  by block
ing  in  w ith  new iro n  an d  re -c u ttin g  th e  cav itie s .

Refractory-lined Moulds.
M any a tte m p ts  h av e  been m ade, m ore or less 

successfu lly , to  a p p ly  re fra c to ry  co atin g s and  
w ashes to  th e  m o u ld -cav ity  su rfa ce  in  g rey  iro n  
fo r th e  p u rp o se  of p re v e n tin g  erosion  o f th e  m ould 
an d  so t h a t  steel c as tin g s  could be  m ade . In  
g en era l, co a tin g s  t h a t  a re  easy  to  ap p ly  a re  
u n stab le , an d  those  t h a t  a r e  m ost re fra c to ry  will 
n o t a d h e re  to  th e  face  of th e  m ould. I n  B ritish  
p ra c tic e  fo r c a s tin g  b o th  fe rro u s  an d  n o n -ferro u s 
alloys a  n u m b er of w ashes an d  d ressin g s hav e  been 
used, in c lu d in g  seal oil, la rd  oil, linseed  oil, tallow , 
e tc .,  m ixed  w ith  g ra p h ite . W h ere  carbonaceous 
d ressings a re  n o t d esired , Jo h n so n 23 recom m ends 
an  em ulsion of bone-ash  a n d  w a te r , an d  he also 
suggests a  d ressin g  m ade  by b u rn in g  a  sm oky 
flam e a g a in s t  th e  m ould su rface— th is  d ep o sitin g  
am orphous carbon . A m ix tu re  of lim e an d  sodium  
s ilic a te  o r  of re fra c to ry  clay a n d  sod ium  s ilica te  
h a s been  em ployed in  A m erican  p ra c tic e . W ashes 
of a lu n d u m , c a rb o ru n d u m , a n d  v a rio u s  o th e r 
re fra c to r ie s  h av e  been tr ie d .

In  th e  m a t te r  of re fra c to ry - lin ed  m oulds i t  is of 
im p o rtan ce  to  d ire c t  a t te n tio n  to  th e  m ethod  of 
l in in g  ca s t- iro n  m oulds fo r  p o u rin g  ca6t-iro n  cas t
ings, as devised  an d  p a te n te d  by M eloche* a n d  used 
by th e  H olley  C a rb u re t to r  C om pany. T he m ethod, 
so fa r  as is know n to  th e  w rite rs , is un ique, and  
d e ta ils  a re  given o f th e  a p p lic a tio n  of th e  lin in g  
m ethod  by M oldenke .49 In  th is  c o a tin g  m ethod  a 
th in  w ash o f a  m ix tu re  of sodium  s ilic a te  and  fire
c lay is b ru sh ed  on th e  m ould (h e a ted  to  ab o u t 
175 deg. C .), severa l coa ts  b e in g  ap p lied  so t h a t  a 
m o d era te  th ick n ess  is secured . E ach  c o a t is baked 
on be fo re  th e  n e x t one is ap p lied . T h is re fra c to ry  
co a tin g  is covered an d  p ro tec te d  by a lay e r of 
lam p b lack  (am o in h o u s carb o n ), deposited  by b u rn 
ing  an  ace ty len e  flam e u pon  th e  re fra c to ry  coat
ing. T he m ould p ro p e r  is m ade  of tw o l ig h t grey

* U .S . P a t .  N o . 1,453,593. M ay 1, 1923.
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c as t-iro n  halves. I t  is of in te re s t  to  s t a te  th a t  
easily  m ach in eab le , u n ch illed  c a s t- iro n  c a s tin g s  a re  
m ade in  th is  ty p e  of m ould . T h is  m eth o d  ap p ea rs  
to  be cap ab le  o f g r e a t  d ev e lo p m en t a n d  to  have  
m an y  possible a p p lic a tio n s  in  th e  p ro d u c tio n  of 
b o th  fe rro u s  an d  n o n -fe rro u s  cas tin g s.

Material for Cores.
C ores fo r  p e rm a n en t-m o u ld  c a s tin g  m ay  be m ade 

of san d , as in  o rd in a ry  sa n d -ca s tin g  p ra c tic e , o r 
o f steel o r  c a s t  iro n . S a n d  cores a re  used  to  a  con
s id e rab le  e x te n t  fo r  b o th  fe rro u s a n d  n o n -ferro u s 
cas tin g s , p a r tic u la r ly  in  th e  case  of com plica ted  
coring , b u t  collapsible steel cores a re  em ployed fo r 
c e r ta in  ty p es o f cas tin g s S im p le  cy lin d rica l cores 
of c a s t iro n  a re  used  fo r hollow c as tin g s , e.g ., p ip e  
fittin g s . C ast-iro n  cores a re  u su a lly  em ployed  in  
p o u rin g  cas t-iro n  c a s tin g  w hen  th e  in te rn a l  sh ap e  
p e rm its , w ith o u t th e  use  o f a  co llapsib le  core, w hile  
in  o th e r  cases sand  cores m u s t be  em ployed. S te e l 
an d  w ro u g h t-iro n  cores a re  less s a t is fa c to ry  th a n  
cas t-iro n  cores fo r  p o u rin g  iro n . A lloy s tee l, such 
as chrom e-vanad ium  steel a n d  h ig h -speed  tu n g s te n  
steel, is sa tis fa c to ry  fo r  n o n -fe rro u s  alloys, b u t  m ild  
steel h as a lso been used. A lloy s te e l cores a re  con
siderab ly  m ore expensive  a n d  m ore  d ifficu lt to  
shape and  m ach ine  th a n  o rd in a ry  steels, b u t  th ey  
w ith s tan d  usage m uch b e tte r

Design and Preparation of Moulds, and Methods of 
Gating.

Irre sp ec tiv e  of th e  m a te r ia ls  em ployed  fo r  con
s tru c tin g  m oulds a n d  cores in  p e rm a n e n t-m o u ld  
w ork and  of th e  alloy cas t, th e  p ro b lem s o f  d esig n  
a re  essen tia lly  th e  sam e. T h e  g e n e ra l a sp e c ts  of 
m ould design  in  th e  case of a lu m in iu m -allo y  p is to n  
m oulds h a v e  been d iscussed  a t  le n g th  by  th e  p r e 
se n t w r i te rs 50 in  a n o th e r  P a p e r ,  a n d  th e  g e n e ra l 
re m a rk s  th e re  m ad e  a re  ap p licab le  to  th e  p e rm a 
n en t-m ou ld  process as a  whole. In  th e  p re s e n t  
P a p e r  th e  q u estio n  of m ould-design  w ill b e  t r e a te d  
only  in  a  v e ry  g e n e ra l w ay E ach  ty p e  of c a s tin g  
to  be m ad e  in  a  p e rm a n e n t  m ould p re se n ts  a  se p a 
r a te  prob lem  o f itse lf an d  no  gen era l ru le s  c a n  be 
la id  down to  e n su re  successful c a s tin g . I n  g en era l, 
a  c e r ta in  a m o u n t of e x p e rim e n ta l w ork , p a r t ic u 
la r ly  in  co n n ec tio n  w ith  g a tin g , m ay b e  necessarv  
w ith  a  new m ould . T h ere  a re , how ever, c e rta in
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fu n d a m e n ta l p rin c ip le s  t h a t  m ay  be follow ed to  
a d v an tag e .

T he f irs t ite m  fo r  co n sid e ra tio n  is th e  re la tio n  
of th e  size an d  th ick n ess  of th e  m ould  body to  t h a t  
of th e  c a s tin g  p ro d u ced . M ould-w all-th ickness 
and  size of th e  m ould  is  governed  by th e  th ick n ess 
of th e  ca s tin g , th e  o b jec t in  n o n -ferro u s alloys 
be in g  to  p ro d u ce  a  c h illin g  effect u pon  th e  cas tin g . 
In  th e  case of g rey  c a s t  iro n , ch illin g  is to  be 
avoided, a n d  th is  is accom plished e ith e r  by  p o u r
ing  v e ry  hot. m oulds an d  rem o v in g  th e  cas tin g  
ra p id ly , o r  etee by em ploying  an  in su la tin g  re fra c 
to ry  lin in g , as in  th e  ty p e  of m ould  used  by th e  
Holley C a rb u re t to r  C om pany . R e g u la tio n  of 
ch illin g  effect in  n o n -fe rro u s  alloys is also 
h ad  by v a ry in g  th e  m ould  te m p e ra tu re  and  
th e  p o u r in g  te m p e ra tu re . F o r  a n  a lu m in iu m - 
alloy c a s tin g  th e  size of a  4 -in . d ia . m o to r 
p is to n , th e  m ould-w all th ick n ess  is £ in . to  
J  in ., an d  la rg e r  c a s tin g s  m ay  re q u ire  th ic k e r  
m oulds. M oulds .w ith w alls too th in  w arp  read ilv  
an d  do n o t p e rm it m a in ten a n ce  of u n ifo rm  tem 
p e ra tu re s ;  co n sequen tly  i t  is o e tte r  to  hav e  th e  
m ould too  heav y  th a n  too  lig h t. A t th e  sam e 
tim e , in  th e  case of h a n d -a c tu a te d  m oulds, heavy 
m oulds a re  m ore  difficult to  o p e ra te . T h e  shape  
of th e  m ould  body w ill dep en d  in  g en era l upon  th e  
shape  o f th e  p a r t  to  be c a s t, a lth o u g h  th e  gen era l 
ten d en cy  is to  m ak e  sim ple  g eo m etrica l shapes, 
h a v in g  sq u a re , re c ta n g u la r , o r  c irc u la r  cross 
sections.

T h e  sam e g e n e ra l p rin c ip les  o f design ap p lv  in 
th e  co n stru c tio n  o f p e rm a n e n t  m oulds fo r  bo th  
fe rro u s  an d  n o n -fe rro u s  ca s tin g , a lth o u g h  gen era lly  
th e  su rfa ce  o f th e  ca s tin g  c av ity  when p o u rin g  cas t 
iron  need n o t b e  so sm ooth as fo r  b ra ss  o r  a lu 
m in ium  alloys since  o rd in a r i ly  th e  finish on iro n 
w ork does n o t need to  be  as good. M oulds fo r 
p o u rin g  cas t iro n  should  be th ic k e r  th a n  fo r non- 
fe rro u s  alloys in  o rd e r to  re s is t  b e t te r  th e  effect of 
h ig h e r te m p e ra tu re s  in  c au s in g  w a rp in g . H e av ie r 
m oulds m u st, obviously, be  equ ipped  w ith  b e tte r  
fittin g s. T h e  p o u rin g  te m p e ra tu re  fo r  an y  alloy 
cas t in  a  p e rm a n e n t  m ould is h ig h e r th a n  when 
ca s tin g  in  san d  m oulds.

I n  m an y  ty p es  o f p e rm a n e n t  m oulds no e jec to r 
p ins a re  used fo r  rem oving  th e  frozen  castings, 
and consequen tly  th e  cas tin g s  m ay  stick  to  th e



m ould, p a r tic u la r ly  if  th e  m ould  su rfa c e  is  rough. 
G en era lly  sp eak in g , i t  is  b est to  p ro v id e  e je c to r 
p in s. M oulds m ay  be d ifficult of o p e ra t io n  because 
of th e  d r a f t  or o f  m an y  core p ieces w h ich  m u s t be 
p laced  b e fo re  each  c a s tin g  is  p o u re d , a n d  th e  
rem oval o f cas tin g s  from  a  p e rm a n e n t  m ould 
n o rm aly  ta k e s  lo n g er th a n  fro m  a d ie  in  d ie cas t
in g . T he jo in ts  be tw een  m o u ld  sections should  be 
p e rfe c t, since  o th e rw ise  sm all fins o f m eta l a re  
fo rm ed  on  th e  c a s tin g , w hich m ay  p re v e n t  ra p id  
e je c tio n . T he q u estio n  o f m ould  o p e ra tio n  and  
th e  g a tin g  a n d  d esign  of m oulds in  th e  case o f  a lu -  
m in ium -alloy  p is to n  p ro d u c tio n  h a v e  been discussed  
a t  le n g th  by th e  w r ite rs 50 in  a n o th e r  p lace, an d  
th e  fu n d a m e n ta l p rin c ip les  th e r e  g iv en  a r e  
ap p licab le  to  p e rm an en t-m o u ld  c a s tin g  in  g en era l.

Gating of Moulds.
G en era lly  sp eak in g , no d e fin ite  m eth o d  of m ould 

g a tin g  can  be described, sin ce  each  c a s tin g  re q u ire s  
se p a ra te  co n sid era tio n . T h e  p o sitio n  o f g a te s  an d  
r ise rs  on cas tin g s o f sim ple  a n d  r e g u la r  fo rm  is n o t 
specia lly  im p o r ta n t,  b u t  w here  acc o u n t m u s t  be 
ta k e n  o f bosses, webs, lugs, flanges, a n d  o th e r  
ir re g u la r it ie s , th e  b e st g e n e ra l p la n  is to  g a te  close 
to th e  th ic k e s t section  a n d  p ro v id e  sm all Tisers 
n e a r o th e r  heavy  sections. T h is  r u le  is, how ever, 
fa r  from  in v a riab le , m uch d e p e n d in g  u p o n  th e  
shape o f th e  c a s tin g . O ften  th e  c a s tin g  m u s t  he  
p laced  in  a c e r ta in  p o s itio n  in  t h e  m ou ld , a n d  th is  
p re v en ts  g a tin g  a t  th e  m ost a d v a n ta g e o u s  p o in ts .

T h e re  is g re a t  d ifference  o f o p in io n  am o n g  m o u ld  
d esigners as to  th e  b est ty p e  of g a te  to  em ploy , 
some p re fe r r in g  bo tto m - o r sid e -feed in g  g a te s , w h ile  
o th e rs  use a  sim ple  to p -fee d in g  g a te . T h e  p re s e n t  
w rite rs  h a v e  t r ie d  v a rio u s  m ethods o f g a tin g , a n d  
believe t h a t  a  g a te  w hich  feeds a lo n g  th e  s id e  o r  
n e a r  th e  to p  o f th e  m ould is  m o re  sa t is fa c to ry .  I t  
h as  been th e  w r ite rs ’ ex p erien ce  t h a t  w ith  b o tto m - 
feed in g  m oulds th e  first-d ep o sited  a n d  p a r t ly -  
ch illed  alloy is fo rced  u p  in to  th e  m ou ld  c a v ity  by  
th e  ru sh  of h o t  alloy b e h in d  i t ,  an d  such  first- 
deposited  alloy is nev ei re a lly  suffic iently  flu id  to  
fill o u t  th e  c av ity , th e  re su l t  b e in g  cold sh u ts  o r 
o v erlap s. T h e  ob jec t to  h e  a t ta in e d  in  g a tin g  is, 
of course, th e  a d e q u a te  filling o f th e  m ould  cav itv  
w ith  as l i t t le  d is tu rb a n c e  o r  sp lash in g  of th e  liq u id  
alloy as is possible. I n  som e oases i t  is n o t possib le
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to  d e te rm in e  th e  p ro p e r  g a tin g  u n t i l  th e  m o u l d  
is a c tu a lly  t r ie d  by  p o u r in g  c a s tin g s  w ith  some 
m eth o d  of g a tin g . G en era lly  i t  is good p ra c tic e  
to  decide  on  a  m eth o d  o f g a t in g  a n d  th e n  c u t  th e  
g a te s  a n d  r u n n e rs  obviously  to o  s m a ll ; th ese  
c av itie s  c a n  th e n  be e n la rg e d  as re q u ire d .

D u r in g  p re lim in a ry  “  t ry -o u t  ”  o f th e  m ould  it  
m ay  be observed  t h a t  c e r ta in  a re a s  o f th e  c a s tin g  
do n o t  fill o u t, o r  t h a t  d raw s o ccu r a t  som e p o in ts . 
T hese d e fec ts  a re  u su a lly  rem ed ied  by a tta c h in g  
sm all s h r in k  p ad s  to  th e  c a s tin g , th e se  p a d s  b e in g  
connected  by n a rro w  feed ers . I f  th e  d e fec tiv e  
spo ts  a re  so s i tu a te d  t h a t  th is  m e th o d  c a n n o t be  
ap p lied , th e  h ead  of a lloy  in  th e  g a te  m ay  be 
in creased . I n  c a s tin g  alloys h a v in g  h ig h  c o n tra c 
t io n  in  volum e, c rac k s  m ay  occur a t  th e  ju n c tu r e  
of th ic k  an d  th in  sections, a n d  ch ills m ay  be  p laced  
in  th e  m ould in  c o n ta c t w ith  th e  th ic k  sec tio n  in 
o rd e r  to  increase  i ts  r a t e  of cooling . S u ch  ch ills  
in  an  iro n  m ould  m ay  be m ad e  of b ra ss  o r  c o p p er, 
ivhich have  g re a te r  th e rm a l c o n d u c tiv ity  th a n  th e  
iron.

Coring.
As s ta te d  p rev io u sly , b o th  sa n d  a n d  m e ta llic  

(cast-iro n  o r  s teel) cores a r e  em ployed  in  p e rm a 
n e n t m oulds, a n d  th e  ty p e  o f co re  u sed  d ep en d s  
upon th e  n a tu r e  of th e  c a s tin g  p o u re d  a n d  th e  
alloy used. W h ere  sa n d  cores a re  em p loyed , th e  
m ethod  of c a s tin g  is o f te n  re fe r re d  to  as c a s tin g  
in  sem i-p e rm a n e n t m oulds. G e n e ra lly  sp e a k in g , 
san d  cores a re  used  fo r  c a s tin g  fe rro u s  a llo y s a n d  
steel o r  iron  cores fo r  n o n -fe rro u s , b u t  b o th  k in d s  
of cores a re  used  fo r  th e  d iffe re n t c lasses o f  alloys. 
S an d  cores a re  used  w here  th e  c o rin g  is c o m p lica ted , 
a n d  w here  too  m an y  co re  p ieces w ould  be  re q u ire d  
in  th e  c o n s tru c tio n  o f a  co llapsib le  s te e l core. I n  
th e  case o f s tee l cores, i f  th e  c a s tin g  is  o f  sim p le  
design , i t  is so m etim es possib le to  c o n s tru c t  th e  
core in  o ne  p iece, b u t  in  m an y  c a s tin g s  u n d e rc u ts  
a re  en co u n te red , so t h a t  i r re g u la r  c o r in g  is 
re q u ire d , a n d  th is  n e ce ss ita te s  u s in g  a co llapsib le  
core m ad e  u p  of severa l pieces. T h e  p r in c ip le  
involved in  c o n s tru c tin g  a  co llapsib le  co re  is th e  
sam e as t h a t  follow ed in m ak in g  co llapsib le  
m an d re ls  fo r  sp in n in g  m eta l hollow -w are . C ases 
of u n d e rc u ts  aTe h a n d le d  by  u s in g  a  c e n tra l  core 
p iece a ro u n d  w hich  th e  a c tu a l in te r io r  c o n to u r  of
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th e  c a s tin g  is fo rm ed  by a d d itio n a l core pieces. 
T his m eth o d  p e rm its  w ith d raw a l of th e  o u te r  core 
pieces fro m  th e  m ou ld  a f te r  th e  c e n tre  core piece 
h as been  rem oved. A co llapsib le  s tee l core for 
a lu m in iu m -allo y  p is to n  cas tin g s  is show n in F ig . 15 
of th e  P a p e r  on  th e  p ro d u c tio n  of a lum in ium -alloy  
p is to n s  in  p e rm a n e n t  m oulds by th e  w r i te r s .40 
W ith  collapsib le  steel cores, a  ta p e r  o f |  in . to  j  in. 
p e r  f t .  is  allow ed in  o rd e r to  p e rm it  easy  rem oval 
from  th e  m ould .

W hile  san d  cores a r e  used fo r  m ak in g  v a rio u s 
ty p es o f c a s tin g s  in  p e rm a n e n t  m oulds, th e y  p re 
se n t several d isa d v an tag e s , p a r tic u la r ly  when non- 
fe rro u s  alloys a re  c a s t. C a re  m u s t be  exercised  in 
p lac in g  san d  cores, an d  th ey  should  be h ea ted  
before  b e in g  in se r te d  in to  th e  m ould . S an d  cores 
do n o t g ive  so good su rfa ce  finish to  th e  in te r io r  
of a  c a s tin g  a s  steel cores, an d  fo r som e classes of 
w ork th is  m akes th em  u n d esirab le . M oreover, 
cas tin g s m ad e  w ith  san d  cores a re  n o t so a ccu ra te .

Venting.
P e rm a n e n t  m oulds m ay  be v en ted  by c u tt in g  

sm all grooves ^  in . to  |  in . w ide an d  0.004 in . or 
m ore deep, across th e  core an d  m ould jo in ts  from  
p o in ts  w hich  a p p e a r  to  re q u ire  specia l ven tin g . 
S im ple  c a s tin g s  a re , as a  ru le , sufficiently ven ted  
by r ise rs . O f course, loose cores and  jo in t  faces 
g re a tly  a id  ven tin g .

Machining.
In  p re p a r in g  a p e rm a n e n t m ould, i t  is ad v an 

tag eo u s from  th e  p o in t  of view  of econom y in 
m ach in in g  to  c o n s tru c t th e  m ould  p a tte rn  so a s  to  
conform  as n e a r ly  as possible to  th e  desired  finished 
m ould. T he c a v ity  m ay  th e n  be finished by a  m in i
m um  o f m ach in in g . D e ta ils  of m ach in in g  need  n o t 
be g iven  h ere , b u t  i t  m ay  be em phasised  t h a t  th e  
im p o r ta n t  fe a tu re s  to  b e  considered , o u ts id e  of 
g a tin g  a n d  th e  g en era l a sp ects of m ould design, a re  
th e  o b ta in in g  o f a  sm ooth su rfa ce  finish to  th e  c a s t
ing  c av ity  an d  m ak in g  th e  p ro p e r allow ance fo r 
c o n tra c tio n . T h ere  a re  so m an y  fac to rs  a ffecting  
th e  c o n tra c tio n  o f th e  ca s tin g  t h a t  no specific ru les 
can  he la id  dow n to  e n su re  th e  c a s tin g  com ing o u t 
to  “  dead  size  ”  a t  t h e  firs t t r ia l .  I t  is custom ary  
to  allow 0.1 p e r  cen t, for a lu m in iu m  alloys in 
gen era l, 0.07 p e r  cen t, fo r  b rass, an d  0.05 p e r  cent, 
fo r zinc alloys
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Alloys Used and Types of Castings Made.
L ik e  o th e r  c a s tin g  processes, th e  process o f cas t

in g  m eta ls  a n d  alloys in  p e rm a n e n t  m oulds is 
r e s tr ic te d  in  i ts  a p p lic a tio n s  by c e r ta in  in h e re n t 
l im ita tio n s . O bviously , b e t t e r  re su l ts  can  be 
o b ta in e d  w ith  c e r ta in  a lloys a n d  u p o n  c e r ta in  type» 
of- c as tin g s . As p o in te d  o u t p rev io u sly , o n ly  cas t
ings t h a t  m ay  be classed as re p e tit io n  w ork and  
t h a t  a re  re q u ire d  in  la rg e  n u m b ers  can  be econo
m ica lly  cas t in  p e rm a n e n t  m oulds. T hus, a t  th e  
o u tse t,  th e  p rocess is lim ite d  by econom ic co n sid era 
tio n s . A t th e  p re se n t tim e , th e  com m ercial a p p li
c a tio n  of p e rm an en t-m o u ld  c a s tin g  to  n o n -fe rro u s  
w ork  is re s tr ic te d  to  a  few  alloys, b u t  i t  imay be 
ex p ec ted  t h a t  th e  process w ill be  e x te n d ed  to  a ll 
k in d s  of n o n -fe rro u s  alloys. T h e  a p p lic a tio n s  o f 
th e  p rocess to  severa l ty p es  of alloys a re  d iscussed  
briefly  below.

Aluminium Alloys.
I n  th e  n o n -fe rro u s  field, th e  p e rm a n e n L m o u ld  

process h a s been la rg e ly  ap p lied  to  th e  p ro d u c tio n  
o f a lum in iu m -alio y  cas tin g s . T he re q u ire m e n ts  of 
th e  a u to m o tiv e  in d u s try  fo r m isce llaneous c a s tin g s  
in  a lu m in iu m  alloys offer a  p a r t ic u la r ly  a d a p ta b le  
field fo r p e rm an en t-m o u ld  c a s tin g , s ince  th e se  c a s t
ings a re  re q u ire d  in  la rg e  n u m b ers . F o r  t h is  class 
of w ork th e re  a re  d is t in c t  a d v a n ta g e s  in  t h e  p ro 
cess, since  th e  c a s tin g s  c an  be  m ad e  ra p id ly ,  h a v e  
a  good finish, a n d  r e q u ire  l i t t le  m ac h in in g . T h e  
ten s ile  p ro p e rtie s  o f th e  a lu m in iu m  a llo y s a re  con
siderab ly  b e tte r  w hen c h ill-ca s t th a n  sa n d -c a s t, an d  
a lu m in iu m  alloys w hen p o u re d  in  p e rm a n e n t  
m oulds a re  sound . D ie -cast a lu m in iu m  alloys a re  
very  po ro u s a n d  u n so u n d , a n d  sa n d -o as t alloys a re  
also likely  to  be u n so u n d .

A m ong o th e r  cas tin g s, p is to n s , in s t ru m e n t  
pan els , b rak e-shoe  a rm s, door h an d les, sm all g e a r-  
housings, steerin g -w h eel sp id e rs , sm all h a rd w a re ,  
a n d  o th e r  p a r ts  a re  now  o ast com m erc ia lly  in  a lu 
m in iu m  alloys in  p e rm a n e n t  m oulds. S m a ll c a s t
ings fo r  e lec tr ica l e q u ip m e n t a re  p o u re d  in  p e rm a 
n e n t  m oulds, a n d  la rg e r  c a s tin g s , such  as g e a r-  
h ousings, an d  cran k -cases , w e ig h in g  20 to  150 lbs. 
h av e  been c a s t. A lum in iu m -alio y  au to m o b ile  
wheels have  been successfully  c a s t  in  p e rm a n e n t  
m oulds, b u t  such  wheels h av e  n o t so f a r  been 
em ployed to  any  e x te n t .  T h e re  a re  m an y  specific
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cas tin g s in a lu m in iu m  alloys which a re  now be ing  
san d -cast o r  d ie -cas t w hich a re  b e tte r  su ited  to  th e  
pe rm an en t-m o u ld  p rocess from  th e  p o in t of view 
of soundness, m echan ical p ro p e rtie s , and  produc-

. <4 Q
! a ; .  a 
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tio n . C om m ercia lly , th e  m ax im um  w eig h t of p e r 
m an en t-m o u ld  cas tin g s m ad e  in  a lu m in iu m  alloys 
is ab o u t 25 lbs., an d  th e  m in im um  w eig h t is 1 oz., 
a lth o u g h  c a s tin g s  w eigh ing  u p  to  200 lbs. have 
been m ade. T he m in im um  section  th ick n ess in 
perm an en t-m o u ld  cas tin g s of a lu m in iu m  alloys is



£ in . T he lim it  o f accu racy  to  w hich  c a s tin g s  m ay 
be m ade  is a b o u t  i t  0.010 in . U nless th e  c a s tin g  is 
sm all a n d  o f s im ple  d esign , d ifficu lty  is  som etim es 
en co u n te re d  in  k eep in g  w ith in  close size lim its , 
d u e  to  u n ev en  c o n tra c tio n  cau sed  by v a r ia tio n  in 
sec tion  sizes in  th e  p a r t .  W h ere  m ac h in in g  is to  
be done on th e  cas tin g , th e  l im its  u su a lly  w orked  
a r e  ^  in . to  ^  i n . ; fo r lo n g  co red  holes i t  is u sua l 
to  p ro v id e  a  s lig h t ta p e r ,  w hich can  be co rrec ted  
by a  re a m in g  o p e ra tio n . W e ig h t to le ran c e s  on 
a lu m in ium -alloy  p e rm an en t-m o u ld  cas tin g s  a re  

■± 2 p e r  cen t.
Of a lu m in iu m -allo y  a u to m o tiv e  c a s tin g s  m ad e  m  

p e rm a n e n t m oulds, p is to n s  a re  c a s t  in  by  f a r  th e  
g re a te s t  n u m b er. Som e concerns m ak e  p is to n s  
solely. P is to n  p ro d u c tio n  h as been  d iscussed  by 
th e  p re se n t w r i te rs 50 in  a n o th e r  P a p e r ,  a n d  need  
n o t c la im  f u r th e r  a t te n tio n  h ere . S m all c a s tin g s  
in  a lu m in iu m  alloys m ay  be g a te d  w ith  tw o  o r 
m ore  to g e th e r, a n d  th e  r a te  o f o u tp u t  g re a t ly  
increased . F ig . 16 shows a  sm all a lu m in iu m -a llo y  
c a s tin g  m ad e  by  p e rm a n en t-m o u ld  c a s t i n g ; a t  th e  
le ft, th e  p o u rin g  g a te  an d  r is e r  a re  a tta c h e d , w h ile  
a t  th e  r ig h t  th e  c a s tin g  h as been tr im m e d . F ig . 17 
shows an  in s tru m e n t p a n e l, fo r  a  m o to r  c a r ,  w ith  
g a te s  a n d  r is e r  a tta c h e d . V a rio u s  a lu m in iu m  
alloys a re  em ployed fo r p e rm a n e n t-m o u ld  c a s tin g s , 
in clud ing  th e  o rd in a ry  9 2 :8  a lu m in iu m -co p p e r alloy  
and  o th e r  a lu m in iu m -co p p e r ailoys c o n ta in in g  4 
to  14 p e r  cen t, copper. C e r ta in  sp ec ia l a lloys a re  
also em ployed, in c lu d in g  s ilic o n -b e arin g  a lu m in iu m  
alloys, n ick e l-b ea rin g  a lu m in iu m  alloys, a n d  a lu - 
m in ium -copper-m agnesium  alloys. L i t t le  w ork  h a s  
been done to  develop th e  m o st s u ita b le  a lu m in iu m  
alloys fo r  p e rm an en t-m o u ld  c a s tin g , a s id e  fro m  
p is to n  alloys. A t th e  p re s e n t  t im e  th e  m o s t su i t
ab le  com position  of a lu m in iu m  alloy fo r  p e rm a n e n t-  
m ould w ork  is a  m a t te r  o f co n sid erab le  c o n je c tu re , 
b u t  i t  shou ld  be  w ell-flu id  a t  m o d e ra te  te m p e ra 
tu r e  above th e  m e ltin g -p o in t an d  h a v e  sm all con
tra c tio n , l i t t le  so lv en t ac tio n  u p o n  th e  m o u ld , a n d  
good s tre n g th  a t  e lev a ted  te m p e ra tu re s  in  th e  solid 
s ta te .

Copper Alloys.
Sm all c as tin g s in  67 :33 b ra ss  and  s im ila r  alloys 

can be, successfully  c a s t in p e rm a n e n t  m oulds. The 
fa ir ly -h ig h  m e lt in g - te m p e ra tu re  an d  corrosive 
a c tio n  o f th ese  alloys h a v e  a d e te r io ra t in g  effect
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upon c a s t- iro n  m oulds, how ever, an d  th e  m oulds 
becom e in a c c u ra te  a f te r  2,000 to  3,000 cas tin g s a re  
poured . F o r  th is  reaso n , unless considerab le  
sav ing  is effected in  m ach in in g  costs and  from  
increased  r a te  o f p ro d u c tio n , th ese  alloys a re  b e tte r  
o ast in  san d . H ig h -z in c  copper-a lloys, especially  
a t  h igh  te m p e ra tu re s , h av e  v ery  erosive ac tio n  on 
iro n , o w ing  to  th e  zinc, b u t  alloys o f th e  b ronze 
ty p e  a re  n o t so erosive. D ynam o-brush  holders, 
g e a r  wheels, an d  v a rio u s  sm all c as tin g s h av e  been 
m ade  com m ercially  in b rasses in  p e rm a n e n t m oulds. 
G u n -m eta l and  p h osphor-b ronze  b a rs  to  be used in 
au to m a tic -m a ch in e  w ork fo r  b u sh in g  and  liners 
have  been c a s t  in  p e rm a n e n t  m oulds. B ars  1£ in . 
to  2 in. d ia . a n d  3 f t .  to  6 f t .  long  a re  used  fo r th is  
purpose. A lu m in iu m  b ro n ze  is c as t com m ercially  
in p e rm a n e n t m oulds, and  g e a r  wheels an d  small 
p a r ts  fo r e le c tr ica l m a n u fa c tu r in g  a re  now being 
m ade. I t  is re p o rte d  t h a t  g e a r  wheels w eigh ing  
10 lbs. to  40 lbs. a n d  w ith  te e th  cas t o f an  accuracy  
of ±  0.001 in . a re  b e in g  p rod u ced . The life  of 
cast-iron  m oulds w hen cas tin g  a lu m in iu m  bronze 
r a n g e s  from  5 ,0 0 0  to  3 0 ,0 0 0  c a s t i n g s ,  a c c o r d i n g  to  
rep o rts .

White-Metal Alloys.
All so rts  o f w h ite-m eta l alloys can  be  c a s t by th e  

p e rm an en t-m o u ld  process, b u t  in  g en era l th e  die- 
c a s tin g  m eth o d  is m ore  su itab le . Z inc  castings, 
in c lu d in g  g e a r  wheels an d  “ crow s’ f e e t ”  fo r w et- 
cells, a re  c a s t  com m ercially . P e rm an en t-m o u ld  
ca s tin g  is u se fu l fo r  th ese  alloys when a  w hite- 
m eta l alloy is to  be c a s t  on to  cas t-iro n  o r  steel 
bodies.

Iron Alloys.
In  th e  iro n  tra d e s , v a rio u s  a rtic le s  a re  m ade by 

p e rm an en t-m o u ld  cas tin g , in c lu d in g  p lough- 
po in ts , b rak e  shoes, so il p ip e , p ip e  fittin g s, p ro 
jec tiles , co lliery -tu b  w heels, bevel g ears  fo r  a g ric u l
tu ra l  m ach in ery , g ra te  b a rs , h am m er blocks, etc . 
M ost o f th ese  a r tic le s  a re  c a s t in th e  o rd in a ry  ru n  
of fo u n d ry  iro n . L it t le  w ork h as so f a r  been done 
in cas t steel o r  sem i-steel, b u t  th e re  seem s to  be no 
reason why th ese  alloys should  n o t be  cas t in p e r 
m an e n t m oulds. T h e  d evelopm en t of th e  p e rm a 
nen t-m ould  process fo r ca s tin g  c a s t  iro n  has been 
h in d ered  bv d ifficulties en co u n te red  in p re v en tin g  
excessive c h illin g  o f th e  iron . V a rio u s  m ethods
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hav e  been  devised  fo r ov erco m in g  th e  chill effect, 
in c lu d in g  h e a t in g  th e  m ould , l in in g  th e  m ould 
w ith  re fra c to ry  m a te r ia l ,  an d  a n n e a lin g  th e  chilled 
cas tin g s . C u s te r 5 h a s  d iscussed  th e  e ffect of p e r 
m an en t-m o u ld  c a s tin g  upon  th e  ch ill o f c a s t iron , 
an d  in  th e  p rocess devised  by h im  ch illin g  is 
avo ided  by ta k in g  a d v a n ta g e  o f th e  f a c t  t h a t  an  
in te rv a l  of t im e  e lapses be tw een  th e  te m p e ra tu re  
a t  w hich  th e  m e ta l se ts  a n d  t h a t  a t  w hich i t  b eg ins 
to  ch ill. T h is in te rv a l  o f t im e  is suffic ien t to  allow 
rem oval o f th e  ca s tin g  fro m  th e  m ould  an d  avoid 
th e  ch illin g  effect. T h e  u su a l t im e  d u r in g  which 
th e  c a s tin g  re m a in s  in  th e  m ou ld  is 2 to  10 secs., 
d e p en d in g  u p o n  its  th ick n ess . T he m ost successful 
p rocess invo lv ing  re fra c to ry - lm e d  m oulds of w hich 
th e  w r ite rs  h av e  know ledge is t h a t  used  by th e  
H olley C a rb u re t to r  C om pany  49

Summitry.

In  th is  P a p e r  th e  p ro d u c tio n  o f c a s tin g s  in  p e r 
m an e n t m oulds is d iscussed  in  a g e n e ra l w ay, a n d  
th e  a p p lic a tio n s  an d  lim ita tio n s  o f th e  p ro cess  to  
b o th  fe rro u s  a n d  n o n -fe rro u s  c a s tin g  h a v e  been 
p o in ted  o u t. T he h is to ry  o f th e  p e rm a n e n t-m o u ld  
process h as been ske tched  briefly , i t  b e in ' p o in te d  
o u t t h a t  p e rm a n e n t ty p es  o f m oulds, in c lu d in g  
stone a n d  bronze m oulds, w ere u sed  as lo n g  a g o  as 
3000 b .c . T y p ica l exam ples of such  old m o u ld s 
a re  show n. T h e  d ev elopm en t o f th e  p e rm a n e n t-  
m ould p rocess in  re c e n t y e a rs  h a s  been  rev iew ed  
briefly .

I t  h a s  been  in d ic a te d  t h a t  th e r e  a re  five s e p a ra te  
an d  d is t in c t  c a s tin g  p rocesses in v o lv in g  th e  u se  of 
p e rm a n e n t o r  m e ta llic  m oulds, v iz . :  (1 ) D ie  c a s t
in g ;  (2) slu sh  c a s t in g ;  (3) C o th ia s  c a s t in g ;  (4) 
c en tr ifu g a l c a s t in g ; a n d  (5) p e rm a n e n t-m o u ld  c a s t
ing . T hese  d iffe re n t c a s tin g  processes a re  defined , 
and  th e  f irs t fo u r  a re  d iscussed  b rie fly , a n d  th e n  
com pared  w ith  th e  t r u e  p e rm a n e n t-m o u ld -c a s tin g  
process, which is th e  c o u n te rp a r t  of san d  c a s tin g . 
I t  is ex p la in ed  t h a t  th e  p e rm a n en t-m o u ld  process 
is th e  sam e as th e  sa n d -ca s tin g  p rocess in  m ethod  
of o p e ra tio n , an d  th e  ch ief d ifference  lies in  th e  
ty p e  of m ould  em ployed . T h e  use  o f p e rm a n e n t  
m oulds is desirab le , since  in  sand  p ra c t ic e  each 
m ould is destro y ed  on  p o u rin g , an d  a  m ou ld  th a t  
can  be  used  over a n d  o v er a g a in  is  req u ire d ,
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especially  in  re p e tit io n  w ork invo lv ing  large  
nu m b ers  o f cas tin g s.

T he g e n e ra l p rin c ip le s  of th e  p e rm an en t-m o u ld  
process hav e  been d iscussed , an d  a  ty p ic a l p e rm a 
n e n t m ould is described  as i l lu s tra tiv e  of these  
p rin c ip les . Som e ty p ic a l exam ples of p e rm a n e n t 
m oulds a re  described , a n d  th e  fo u r  m ain  ty p es of 
m oulds a re  d iscussed. I t  h a s  been p o in te d  o u t  t h a t  
v e ry  m an y  p a te n ts  h a v e  been  issued fo r claim s 
b e a r in g  on p e rm a n en t-m o u ld  cas tin g , and  a  sh o rt 
lis t  o f p a te n ts  is g iven.

T h e  q u estio n  of m a te ria ls  em ployed fo r m ak in g  
m oulds a n d  cores is ta k e n  up , and  i t  is p o in ted  o u t 
th a t  g rey  c a s t iro n  is used  la rg e ly  fo r  th e  m ould 
body p ro p e r, w hile  bo th  m e ta ll ic  (collapsible steel) 
cores an d  san d  cores a re  em ployed. T h e  g ro w th  
an d  d is to r tio n  o f g rey  iro n  m oulds in  service  is 
discussed briefly . T h e  use of re fra c to ry  linings 
and  co a tin g s  fo r  p e rm a n e n t  m oulds is discussed.

T he design  a n d  p re p a ra tio n  o f m oulds and  
m ethods of g a tin g  a re  ta k e n  up  in a gen era l w ay, 
and  th e  m ain  p rin c ip le s  of m ould p re p a ra tio n  have  
been discussed.

F in a lly , th e  v a rio u s  ty p es  o f a lloys used com
m ercia lly  for c a s tin g  in  p e rm a n e n t m oulds have 
been considered , and  th e  ty p es o f cas tin g s m ade 
in these  alloys h av e  been  described.

Selected Bibliography.
T he follow ing re fe ren ces  include  th e  P ap e rs  

c ited  in  th e  te x t ,  as well as some o th e rs  re la tin g  
to  c a s tin g  processes inv o lv in g  rh e  use of m eta llic  
(p e rm a n en t)  m o u ld s : —

1 R ead, C. H ., A guide to  th e antiqu ities of the bronze age, 
Brit. Museum, 1904. Oxford U niversity  Press, London.

* A non., The Szekely process of casting in m etallic m oulds, 
E ngng., vol. 85, 1908, pp. 16-17.

* Custer, E. A ., Casting pipes in  perm anent m oulds, The Iron 
Age, vol 81 1908, pp. 1227-1234.

* R agan, H . F . and Carpenter, H . C. H „ Growth of cast irons 
after repeated heatings, part 1, Jour. Iron and Steel In st., vol. 80 
No. 2, 1909, pp. 29-125.

‘ Custer, E . A ., The perm anent mould and its effect on cast 
iron, The Foundry, vo l. 45, 1909, pp. 121-124.

* Custer, E . A., Perm anent m oulds for the iron foundry, 
Am. Mach., vo l. 32, 1909, pp. 148-153.

’ Gowland, W ., The art of working m etals in Japan, Jour. 
Inst, of M etals, vol. 4, 1910, pp. 4 -41 .

* A non., A sandless iron foundry, Iron Trade R ev ., vo l. 46, 
1910, pp. 304-315.

* Anon., D auerform en, Stahl u. E isen, vol. 30, 1910, pp. 689-  
694.

10 Oberg, E ., The Custer process of casting in perm anent m oulds, 
Machy., vo l. 17, 1911, pp. 729-732.



>* Custer E . A ., The efficiency of th e  perm anent m ould , The

F°iinCart>enter H  C ^H  T h e ^ d ' h  o f cast irons a iter  repeated  
h ea tin g sfp a r tsT l. I l i ,  and IV , Jour. Iron and Steel In st., vo l. 8 3 ,

N °* Anon11’ S ?m l9 reefn t developm ents in  perm anent m oulds, 
Iron Trade R ev ., vo l. 50, 1912, pp. 947-9a2  w r i n g s

'* R ugan, H . F „  The growth of ca st iron-safterrep eated liea  gs 
Jour. Iron knd Steel In st., parts V  and V I, vo l. 86, Ko. 2, ^  .

PP”  3Coe 3H ’ I . ,  Phosphorus in cast iron, Proc. Staffordshire Iron
and Steel In st., vo l. 29, 1914, pp. 19 -3 6  British

“  H ayes, A , Casting brass in  chiU m oulds Proc. 
Foundrym en’s A ssoc., v o l. for l 91! - 19^ ,  PP. 22? -3 4  h

”  Mead. C. W „ Prehistoric b r o n z e  m  South A m erica, A m ur  
pological Papers of th e  Am . Mus. o f N at. H ist., v o l. , P

'• ' l l ig g ,1 G~f and Morse, H . C., E ffects of com m on im purities  
in spelter on  slush  castings, Trans. A m . In st, o f M efals, . ,

19”  KJtoy’ 2W 5 J„  Making perm anent iron m oulds for castings, 
Mech. W ld., vo l. 58, 1915, pp. 91-92 . Tron and

“  Stead, J . E ., Iron, carbon, and phosphorus, Jour, ir o n  ana  
Steel In st., vo l 91, N o. 1, 1915, pp. 140-181 . „„nor  hpfnre

»  Barrett, H .  G„ M ethod of ven tin g chill castin gs, paper b e fo re  
th e British  Foundrym en s Assoc April on o-310 '
Foundry Trade Jour. (London), June, 191o, pp. 309 310

22 Buckingham , E ., Precision castings, The M etal In d ., v o l. Id,

19” ’Johnson,1 ! ’., The casting  of non-ferrous m etals in  chill 
m oulds, Proc. British Foundrym en’s A ssoc., v o l. for 1915-19JO ,

PP“  ^Johnson, B . W ., The prehistoric f o u n d e r ,  P roc. B ritish  
Foundrym en’s A ssoc., vo l. for 1915—1916, pp. -4 9 —‘-9 8 .

26 Carpenter, H . C. H ., Further n o tes on ca st iron grow th , 
Proc. Staffordshire Iron and Steel In st., v o l. 3*2, 1916—1J1<,

PP” 3Rix,7H . and W hitaker, H „  D ie-castin g  o f alum in ium  bronze, 
Jour. Inst, of M etals, vol. 19, 1918, pp. 123-131 . . . .

«  A non., R esults of use o f perm anent m oulds in  E n glan d , in e  
Foundry, vo l. 46, 1918, pp. 162-164.

11 Pack, C., D ie castings and th eir application  to  th e  w ar pro
gramme, Trans. Am . In st, of Min. E ngrs., v o l. 60 , 1919, p p . 5 7 7 -

** A non., Casting steel anchors in  perm anent m ou ld s, T he  
Foundry, vo l. 47, 1919, pp. 112-113 .

10 Jasten , L. J ., C asting copper in  sp in n ing m ou ld s, th e  
Foundry, vo l. 47, 1919, pp. 910-914 .

S1 A non., A lum inium  chill and die castin gs, T he M etal In d . 
(London), vo l. 16, 1920, pp. 431-432.

sa Gleason, E . D ., Perm anent m oulds, The M etal In d . (N ew  
Y ork), v o l. 19, 1921, pp. 391-393 .

** B ertoya, 0 . ,  Perm anent m ould castings, E n gn g . P rod ., 
vol. 2, 1921, pp. 382-383.

“  P ack , C., T he relation  o f d ie castin g to  foundry p ractice, 
Trans. Am. Foundrym en’s A ssoc., vo l. 29, 1921, pp. 491-498 .

*s Turner, T ., The casting  o f m etals, Jour. In s t , o f M etals, 
vol. 26, 1921, pp. 5 -43 .

J‘ A non., D ie-casting, The Industria l Press, N ew  Y ork, 1921. 
•’ A non., A n ou tlin e and com parison of th e  d ie-casting  pro

cesses, The M etal Ind. (L ondon), vo l. 18, 1921, 481-483 .
A non., D ies for hand poured die castings, The M etal Ind  

(London), vo l. 19, 1921, pp. 41 -44  ; 97 -99  ; 128-131 .
*• W ells, S . A . E ., C asting in  m etal m oulds, The M etal Ind. 

(London), pp. 501-502.
“  G uillet, L ., D escription de quelques coquilles de m oulage 

utilisées pour l ’alum inum  e t  ses alliages, R ev . de M ét., vo l. 18, 
1921, pp. 512-516 ; and Bull, de la  Soc. d ’Encourag. pour l ’Ind’ 
N a t., vol. 133, 1921, pp. 756-762 .

92



93

*> Cammen, L ., Chromium alloy steel cast centrifugally, The 
Iron Age, vol. 110, 1922, p. 655.

*’ Cammen,. L ., Casting s tee l ingots centrifugally, The Iron
Age, vol. 110, 1922, pp. 1494-1496.

“  Pack, C., D evelopm ents in  die-casting practice, M achy.. 
vol. 29, N o. 4, 1922, pp. 281-293 .

“  Carman, A. 0 . ,  Equipm ent for m aking die castings, M achy., 
vol. 29, N o. 4, 1922, pp. 2 6 1 -2 6 3 ;  D ies for die casting, idem .,
vol. 29, N o. 5, 1923, pp. 369-370 , and N o. 6, pp. 430-432 ; and
Metals used for d ie casting ; ib id .. N o. 7, pp. 516-518.

“  Harriman, .1. \V ., D ie casting processes and equipm ent, 
Am. Mach., vo l. 58, 1923, pp. 137-141.

** R osennain, W ., A rchbutt, S. L ., and W ells, S. A. E ., The 
production and heat-treatm ent of chill castings in an alum inium  
alloy (“ Y ” ), Jour. Inst, of M etals, vol. 29, 1923, pp. 191-209.

*’ D iibi, E ., D er um gekehrte H artguss und ähnliche Erschei
nungen. Schw. B auzeit., vol. 81, 1923, pp. 249-252.

** Cammen, L ., Centrifugal casting, paper before th e Am. 
Foundrym en’s A ssoc., C leveland m eeting, M ay, 1923.

"  Moldenke, R ., A new long-life m ould developm ent, paper 
before th e Am . Foundrym en's A ssoc., Cleveland m eeting, May, 
1923.

s* Anderson, R . J . and B oyd , M. E ., The production of 
alum inium -alloy p istons in  perm anent m oulds, paper before the 
Am. Foundrym en’s A ssoc., 1924 m eeting.

DISCUSSION.
M r . IT . C o l e  E s t e p  p re sen te d  th is  P a p e r, 

and  sa id  i t  w as a n  ex ch an g e  P a p e r  on  beh alf of 
th e  A m erican  F o u n d ry m e n ’s  A ssociation . M r. 
E step  re g re t te d  t h a t  th e  a u th o rs  could n o t come 
to  E n g la n d  fo r th e  p u rp o se  of re ad in g  th e  
P a p e r  p e rso n ally . T h is  was th e  fo u r th  y e a r in  
which th e  exch an g e  of P a p e rs  be tw een  th e  A m eri
can  F o u n d ry m e n ’s A ssocia tion  an d  th e  I n s t i tu te  
of B r itish  F o u n d ry m e n  h a d  ta k e n  p lace, and  th e  
a r ra n g e m e n t com e to  w as p e rh a p s  o ne  o f th e  m ost 
s ign ifican t -and im p o r ta n t  t h a t  h ad  ta k e n  p lace  for 
a good m an y  y ears . T h e  A m erican  F o u n d ry m e n ’s 
A ssociation  would a lw ays feel in d eb te d  to  M r. 
Cook fo r  h a v in g  gone to  A m erica  tw o y ears  ago to  
read  h is P a p e r  th e re , an d  th e  A m erican  Associa
tion  hoped  to  follow  t h a t  ex am p le  in  th e  fu tu re . 
S p eak in g  o f th e  P a p e r , h e  sa id  h e  hoped th e re  
would he  som e d iscussion  upon  i t .  M r. A nderson 
was one of A m erica ’s m ost p ro m in e n t scientific  
fou n d ry  en g in eers  who h a d  h a d  p ra c tic a l ex p eri
ence, a n d  h ad  c a rr ie d  o u t  m uch  w ork on th e  
problem  o f p e rm a n e n t  m oulds fo r  cas t-iro n  shell 
an d  a lu m in iu m  aero p lan e  en g in e  p a r ts  d u r in g  th e  
war.



THE FORMATION OF GRAPHITE IN CAST IRON.

By L. Northcott, M .Sc. (University of Birmingham).

INTRODUCTION.
I t  h as  been recognised  from  th e  e a r l ie s t  days of 

th e  use of c a s t  iro n  t h a t  w h ite  iro n  is h a rd , w hile  
g rey  iro n  is re la tiv e ly  so f t. F o r  m o re  th a n  a  c en 
tu r y  i t  h a s  been know n t h a t  g re y  c a s t  iro n  c o n ta in s  
c a rb o n  in  th e  g ra p h it ic  s ta te ,  b u t  i t  is  o n ly  in  
re c e n t y e a rs  t h a t  th e  effect of th e  size, sh ap e  a n d  
d is tr ib u tio n  o f t h a t  g ra p h it ic  c a rb o n  u p o n  th e  
m echanical p ro p e rtie s  of th e  c a s tin g  h a s  been  reco g 
nised . T he size a n d  sh a p e  o f th e  g r a p h i te  is 
d e p en d e n t upon tw o m ain  fa c to rs , n am e ly , th e  
o r ig in a l com position  o f th e  flu id  m e ta l, a n d  th e  
r a te  of so lid ification  a n d  su b seq u e n t coo ling  o f th e  
m eta l. I t  is well know n t h a t  o rd in a ry  c a s t  iro n  is 
a  com plex a g g reg a tio n  o f m an y  su b s tan ces , c h ie f  of 
which a re  iron  a n d  c a rb o n , w ith  sm a lle r  p ro p o r
t io n s  o f silicon, su lp h u r , p h o sp h o ru s  a n d  m a n g a n 
ese. O ccasionally  o th e r  e lem en ts  a re  e n c o u n te re d  
in  sm all p e rcen tag es, such  a s  n ick e l, c h ro m iu m , 
t i ta n iu m , a lu m in iu m , e tc . T he c h ie f  e le m e n t 
w hich is re g u la r ly  p re se n t in  c a s t  iro n  is  c a rb o n . 
I t  is an  e sse n tia l c o n s t itu e n t  of a ll c a s t  iro n s , sin ce  
w ith  less th a n  a b o u t 2 p e r  cen t, c a rb o n  th e  c h a ra c 
te r is t ic  p ro p e rtie s  o f c a s t  iro n  a re  n o t  o b ta in e d . 
The o b jec t o f  th is  P a p e r  is to  co n sid er th e  o c cu r
ren ce  a n d  p ro p e rtie s  of c a rb o n  as i t  o c cu rs  in  
o rd in a ry  c a s t iro n .

I t  is a lso  a m a t te r  of com m on kno w led g e  t h a t  
c e r ta in  k in d s  of g rey  iro n , if  cooled qu ick ly , 
becom e h a rd  a n d  b r i t t le ,  w h ilst som e v a r ie tie s  of 
w h ite  o a s t iro n , if  allowed to  cool slow ly, or w hen 
lo n g -an n ealed , becom e g rey  an d  so f t. T h is  c h an g e  
is conn ec ted  w ith  th e  fajpt t h a t  th e  c a rb o n  ex is ts  
in tw o d is t in c t  fo rm s, each  of w hich c a n  'be d iv id ed  
in to  tw o k in d s . I n  g rey  iro n  th e  ca rb o n  e x is ts  in  
i ts  e le m e n ta ry  fo rm , i .e .,  by itse lf , a n d  is  g en era lly  
know n a s  g ra p h ite .  T h is  g ra p h ite  can  be



se p a ra ted  in a m ore or less p u re  fo rm  by dissolving 
a sam ple  o f g rey  iro n  in a c id ;  th e  iro n  dissolves in 
th e  acid and  th e  g ra p h ite  rem ains.

In  w h ite  iro n , on th e  o th e r  h an d , th e  carb o n  is 
com bined w ith  iro n  fo rm in g  th e  com pound 
cem en tite  o r  iron  c a rb id e , F e 3C, th e  p ro p e rtie s  of 
which a re  e n tire ly  d iffe re n t from  those of e ith e r  
p u re  iro n  o r  carbon . W h ereas p u re  iro n  is so ft 
and  d u c tile , c em en tite  is in ten se ly  h a rd  an d  b r i t t le .  
W h ite  c a s t  iro n , in  fa c t,  m ay be considered  as a 
high carb o n  stee l c o n ta in in g  an  excessive am oun t 
of cem en tite , w hich  re n d e rs  th e  iro n  p ra c tic a lly  
useless from  th e  e n g in e e rin g  p o in t of view . F o r
tu n a te ly , how ever, o n e  can  ch an g e  iron  carb id e  
in to  g ra p h ite  an d  iro n , an d  back  ag a in , by a p p ro 
p r ia te  m a n ip u la tio n s  o f te m p e ra tu re  and  by s u i t 
able ad d itio n s  of w h a t m ig h t be called  th e  m inor 
elem ents of c a s t iro n , such as silicon, su lp h u r and 
m anganese, each  o f which e lem ents exercises its  
own p a r t ic u la r  in flu en ce  on th e  s ta b ility  of one o r 
th e  o th e r of th e  tw o  form s of ca rb o n  as found in 
c a s t  iron . S ince w h ite  iron  as such finds l i t t le  use 
in e n g in e e rin g  c o n s tru c tio n , on  acc o u n t o f i ts  
ex trem e  b rittlen e ss , i t  is proposed to  devote b u t 
l i t t le  a tte n tio n  to  i t  in th is  P a p e r .  I t  m u s t be 
k e p t in m ind , how ever, t h a t  th e re  is an  im p o rta n t 
in d u s try  which deals w ith  th e  conversion  of th e  
h a rd  an d  b r i t t le  w h ite  iro n  in to  a so ft and  m alle
ab le  m a te ria l,  s u i ta b le  fo r  com m ercial use. T his 
phase o f th e  su b je c t is d e a lt  w ith  la te r .

F rom  th e  p o in t of view of in d u s tr ia l  u ti l i ty ,  
th e re fo re , fo u n d ry m en  need a c a s t  iron  co n ta in in g  
only such sm all p ro p o rtio n s  o f c em en tite  to  im p a rt 
sufficient h a rd n ess  a n d  s tre n g th  to  th e  iron , and 
th e  r e s t  o f th e  carb o n  to  be in th e  g ra p h itic  s ta te . 
S ince th e  a c tu a l s tre n g th  of g ra p h ite  is very  sm all, 
in fa c t neg lig ib le  when co m pared  to  th e  s tre n g th  
of iron , i t  is e ssen tia l t h a t  th e  g ra p h ite  is in  th e  
shape o r  fo rm  in  which i t  will do le a s t  h a rm  to  th e  
m etal. By rem ov ing  th e  g ra p h ite  a lto g e th e r, an d  
leav ing  in  th e  iro n  a  sm all q u a n ti ty  o f c em en tite , 
g iv in g  a  ca rb o n  c o n te n t of, say , 1 p e r cen t, o r  less, 
we should  h av e , m echan ically , a v e ry  good 
m ate ria l, steel in  fa c t, b u t  th e  cost would be very 
much h ig h e r  th a n  t h a t  of th e  o rig in a l iron , and  
cast iron owes i ts  e x is ten ce  la rg e ly  to  i ts  low price.

As would be ex p ec ted , th e  g ra p h ite  is m ost h a rm 
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ful to  th e  iro n  w hen i t  e x is ts  in  very  long  flakes, 
which b re ak  u p  co n sid e rab ly  th e  c o n tin u i ty  o f th e  
m eta llic  m a tr ix .  A ssu m in g  t h a t  th e re  is a  sm all 
b a r  of c a s t  iro n  su b je c te d  to  te n s ile  s tre ss , th en , 
ta k in g  th e  e x tre m e  case, th e  g ra p h ite  w ould p rove 
of g re a te s t  h a rm  w hen i t  e x is te d  r i g h t  across th e  
specim en  in  a  d ire c tio n  a t  r ig h t-a n g le s  to  th e  
le n g th  o f th e  b a r . Of co u rse , in  p ra c t ic e  such  a 
case nev er occurs, b u t  i t  is easy  to  v isu a lise  how 
h a rm fu l la rg e  flakes o f g ra p h ite  can  be. T h a t  
g ra p h ite  is  c o n tr ib u to ry  to  f r a c tu re  is  show n m  
F ig . 1. A sm all b ro k en  p iece  o f g re y  iro n  was 
co p p er-p la ted  an d  th e n  sec tioned . W h en  polished

TABLE I.
Time

Fig. Temp. hrs. M icro-Constituents

As
3 received _ Cementite and Pearlite.
4 750° 46 Cementite, Pearlite, 

Temper-Carbon.
and

750° 106 Similar to  No. 4.
5 860° 32 Cementite, Pearlite, 

Temper-Carbon.
and

6 900° 314 Temper-Carbon.
7 990° 30 Temper-Carbon.
8 1,050° 17* Graphite, Pearlite, and

Ferrite .
9 1 , 100° 14 Graphite and  Ferrite .

10 1 ,100° 254 Graphite.
11 1,140° 8 Graphite, Cementite, 

Pearlite.
and

12 1,140° 20 Graphite, Cementite, 
Pearlite.

and

13 1,150° 1 Cementite, Pearlite, 
E utectic.

and

14 1,150° 34 Pearlite and Ferrite.
1,150° 5 Almost all Ferrite .

N o t e . —(1) Figs. 6, 7 and 10 were unetched. (2) All 
samples were heated in  vacuo, except Figs. 9, 13, 14, and  
the  last sample.

a n d  ex am in ed  u n d e r  t h e  m icroscope th e  f r a c tu r e  
was observed to  be a long  th e  g r a p h i te  flakes. A 
m ic ro g rap h  of an  iro n  c o n ta in in g  la rg e  g ra p h ite  
flakes is show n in  F ig . 22. G ra p h ite  a lso o ccu rs  in  
a n o th e r  o r n o d u la r  fo rm , w hen i t  is  v a rio u s ly  called  
tem p er-ca rb o n , a n n e a lin g  c a rb o n  o r secondary
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g ra p h ite . T h is  fo rm  of carb o n  is b e s t seen  in  good 
m alleab le  c a s t  iro n , p a r tic u la r ly  th e  A m erican  
b lack h e a r t  v a r ie tie s . A p h o to g rap h  is show n in 
F ig . 2. On c o m p a rin g  F ig s . 22 a n d  2 i t  is obvious 
t h a t  th e  g ra p h ite  in  th e  fo rm er is o f  th e  m ore 
h a rm fu l c h a ra c te r .

T he w ork  d escribed  in  th e  p re se n t P a p e r  was 
u n d e rta k en  in  o rd e r  to  e x am in e  th e  process of th e  
fo rm atio n  o f g ra p h ite  in  com m ercial c a s t irons. 
The f irs t sec tio n  deals w ith  th e  effect o f an n ea lin g  
w hite cas t iro n  a t  d iffe re n t te m p e ra tu re s  an d  u n d e r  
such c o n d itio n s  as to  p ro d u ce  tem p er-ca rb o n  o r 
n o d u la r g ra p h ite .  Som e o b se rv a tio n s  re g a rd in g  
th e  p re c ip ita tio n  of th e  c a rb o n  a re  m ade, su pp le
m en ta ry  to  those  of F is h e r , 1 H a tf ie ld 2 an d  O harpy  
and  G re n e f .3 T he second p a r t  o f th e  P a p e r  
describes e x p e rim e n ts  on  a  ty p ic a l g re y  cas t iron 
of good q u a lity  to  d e te rm in e  th e  m echanism  o f th e  
fo rm atio n  of flakey o r  p r im a ry  g traph ite  as com
monly found  in  g rey  irons.

PART I. 
THE ANNEALING OF WHITE IRONS TO PRODUCE 

NODULAR GRAPHITE.
I t  is th e  g en era l ex p erien ce  in  th e  m a n u fa c tu re  

of m alleable c a s tin g s  t h a t  th e  low er th e  an n ea lin g  
te m p e ra tu re , p ro v id ed  t h a t  com ple te  a n n e a lin g  is 
ob ta ined , th e  b e t te r  th e  c a s tin g . F u r th e r ,  th e  
a n n ea lin g  te m p e ra tu re  h a s been  considered  to  have  
some effect on  th e  form  o f th e  p re c ip ita te d  carbon . 
An in v es tig a tio n  was th e re fo re  c a r r ie d  o u t  to  
d e te rm in e  ex ac tly  w h a t effect d iffe re n t a n n ea lin g  
te m p e ra tu re s  h a d  on  th e  sh ap e  o f th e  tem p er-  
carbon p re c ip ita te d  d u r in g  th e  a n n ea lin g  o f w h ite  
iron. T em per-carbon  m ay be  defined as th e  finely 
div ided g ra p h ite  fo u n d  in  m alleab le  c a s t  iron , 
occasionally in  h e a t- tr e a te d  g rey  irons, or in  bad ly  
h e a t- tre a te d  steels.

Experimental Details.
The iron  used  in  th ese  e x p e rim e n ts  was a ty p ica l 

6am ple o f w h ite  iro n  used  in  th e  W h ite  H e a r t ,

1. F isher, Trans. A m erican Fonndrym en’s  A ssociation , 30, 
395. See a lso  W h ite  anil A rcher, ib id .,  27 . 331.

2. H atfield , “ Journal Iron and  Steel In s t itu te ,” 1907, 2, 79.
3. " E n g in e e r in g ,” 1902, 73 , 626.

E





99



100

E u ro p ea n  o r R e a u m u r p ro cess of m alleab le  cas 
iron  m an u fa c ffire , an d  c o n ta in e d  Cc 2 .9 ; P  • >
S i 0 . 6 1 ;  S 0 .3 8 ,  an d  M n  0 .1 1  p e r  cen t. 1' ig -  à 
shows th e  m ic ro -s tru c tu re , a n d  i t  w ill be seen o 
be q u ite  n o rm al fo r  th is  class o f m a te ria l,  as l 
consists of p e a r l i te  (d a rk ) a n d  c e m e n tite  ("  n *®'’ 
all th e  c a rb o n  -being in  th e  com bined  form . _ 1 
m eta l w as a n n ea led  in  a silica tu b e  re s is tan c e  ru r  
nace th e  te m p e ra tu re  o f which could be a 
by m ean s of fo u r  v a ria b le  resistan ces , an  le a  
d i re c t  from  a  C am b rid g e  in d ic a to r  conn ec ted  to  a 
p la tin u m —p la tin u m -rh o d iu m  th erm o-coup le . i t  
was fo u n d  m ore c o n v en ien t to  h e a t  fo r  sb o r t  
p e rio d s o f from  six to  n in e  h o u rs  a t  a  t im e  in s te a d  
o f one co n tin u o u s a n n e a lin g . I n  o rd e r  to  re d u ce  
o x id a tio n  an d  su b seq u en t d é c a rb u r is a tio n , th e  
specim ens in  th e  o r ig in a l e x p e rim e n ts  w ere 
an n ea led  w ith  a  p a c k in g  of C h in a  c lay . As th is  
d id  n o t have  th e  d esired  effect, l a t e r  e x p e r im e n ts  
w ere c a r r ie d  o u t u n d e r  red u ced  p re ssu re .

Summary of Results.

T h ir te e n  e x p e rim e n ts  w ere c a r r ie d  o u t ,  in  w hich 
th e  te m p e ra tu re  o f a n n ea l v a r ie d  fro m  750 to  1,150 
deg. C ., a n d  th e  re s u lts  a re  show n in  T ab le  I .  
W hen  th e  m e ta l h a d  been su ffic ien tly  a n n e a le d , a  
su rfa ce  o f th e  specim en  w as g ro u n d  a n d  p o lish ed . 
I t  was th e n  ex am in ed  u n d e r  th e  m ic ro sco p e  a n d  
p h o to g rap h e d . T h e  r e s u l t in g  m ic ro g ra p h s  a re  
show n in  F ig s . 4 to  14, an d  a re  e x tre m e ly  in te r e s t 
in g  w hen co n sidered  w ith  T ab le  I .  I n  p a ss in g , i t  
should  be n o ted  t h a t  th e  p re c ip i ta t io n  o f th e  
tem p e r-c a rb o n  is  liab le  to  h e  m ask ed , p a r t ic u la r ly  
in  th e  case of th in  c a s tin g s , if  th e  iro n  be h e a te d  
in  an  o x id is in g  a tm o sp h e re . T h ere  is  a lw ay s  a 
ten d en cy  fo r d é c a rb u r is a tio n  to  ta k e  p lace . T h is 
is en co u rag ed  in  th e  m a n u fa c tu re  of m a llea b le  
c a s tin g s  by th e  E u ro p e a n  process, b u t  n o t  in  th e  
A m erican  process, w hich is fin d in g  g r e a te r  a p p lic a 
tio n  in  th is  c o u n try . I n  th e  fo rm er p rocess m u ch  
of th e  ca rb o n  is rem oved  by th e  o x id is in g  effec ts 
o f th e  p a ck in g  m a te ria l,  so t h a t  in  v e ry  th in  
cas tin g s  th e re  is  o f te n  less th a n  1  p e r  c e n t  o f to ta l  
carb o n . I n  th e  B la c k -h e a r t  process, 'how ever 
p ra c tic a lly  all th e  carb o n  is p re c ip ita te d  as tem p e r-  
carb o n , a n d  d é c a rb u ris a tio n  is confined  m erely  to  
th e  edge  of th e  ca s tin g .
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Discussion of Results.
I n  th e  in tro d u c tio n  i t  was show n t h a t  long flakes 

of g ra p h ite  were f a r  m ore h a rm fu l th a n  th e  
ro u n d ed  nodules of tem p e r-c a rb o n  fo u n d  in  good 
m alleab le  iro n , i .e .,  th e  physical p ro p e r tie s  m ay  be 
p red ic ted  from  a s tu d y  of th e  g ra p h ite  in  th e  iron . 
I t  was m en tio n ed  also t h a t  in  th e  m a n u fa c tu re  of 
m alleab le  c a s tin g s  th e  low er th e  a n n e a lin g  te m p e ra 
tu re ,  th e  b e t te r  th e  p ro p e rtie s  of th e  cas tin g . 
Such 3. f a c t  w ould be exp ec ted  w hen we consider 
th e  m ic ro -s tru c tu re  of th e  re su ltin g  irons. The 
p h o to g rap h s , w hich a re  a r ra n g e d  in  o rd e r  of 
ascend ing  te m p e ra tu re , show t h a t  th e re  is a 
g ra d u a l c h an g e  in  th e  sh ap e  of th e  p re c ip ita te d  
carb o n  from  th e  c irc u la r  fo rm  o f t r u e  tem p er- 
carbon  to  th e  flaky fo rm  of p r im a ry  g ra p h ite . 
The a n n ea lin g  of No. 4 a t  750 deg. is a lto g e th e r 
in su ffic ien t; in  fa c t, p re c ip ita tio n  o f carb o n  has 
j u s t  begun . F ig . 5 a t  860 deg. shows ty p ic a l 
nodules of tem p er-ca rb o n , a n d  a lth o u g h  th e  len g th  
of a n n e a lin g  was insufficient, th e  te m p e ra tu re  
em ployed would y ield  a  very  sa tis fa c to ry  p ro d u c t. 
As th e  te m p e ra tu re  ascends th e  in c re a s in g  flakiness 
of th e  g ra p h ite  is sh o w n ; F ig . 9 a t  1,100 deg., for 
exam ple, shows d is t in c t  p r im a ry  g ra p h ite  flakes, 
and  i t  m ay  safe ly  be assum ed t h a t  th e  physical

p ro p e rtie s  will consequently  be poor. In  g en era l, 
th e re fo re , th e  physical p ro p e rtie s  of an n ea led  cast-

-
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ings of g iven  com p o sitio n  will v a ry  fro m  th o se  of 
good m alleab le  to  those  of a  g rey  iro n  cas tin g , 
a cco rd in g  to  th e  a n n e a lin g  te m p e ra tu re .  I f  i t  
were possible, d u r in g  th e  so lid ifica tio n  o f g re y  cas t 
iron , to  cause  th e  g ra p h ite  to  occur in  th e  n o d u la r  
form  as i t  does in  good m alleab le  c a s t  iro n , th e re  
is ev ery  reaso n  to  suppose t h a t  th e  iro n  w ould be 
as s tro n g  a n d  as d u c tile . M o st w h ite  irons used 
in  th e  E u ro p ea n  process h av e  fa ir ly  h ig h  c o n te n t 
of su lp h u r, w hich h a p p en s  to  be o ne  o f th e  e lem en ts 
which te n d  to  p re v e n t  th e  g ra p h it is a tio n  of 
cem en tite . As i t  is know n t h a t  th e  r a te  o f g ra p h i
t is a t io n  increases w ith  in crease  of te m p e ra tu re ,  
m a n u fa c tu re rs  o f w h ite  h e a r t  iro n  h av e  to  em ploy 
a  so m ew h at h ig h e r  a n n e a lin g  te m p e ra tu re  to  
h a s ten  th e  process of m alleab le isin g . F ro m  w h a t 
h as been sa id  b efo re , i t  is n a tu r a l  to  suppose  t h a t  
if m a n u fa c tu re rs  s t ip u la te d  fo r  an  iron  c o n ta in in g  
less su lp h u r, low er a n n e a lin g  te m p e ra tu re s  cou ld  he  
a d o p ted  w ith o u t in c re a s in g  th e  tim e  of a n n e a l,  a n d  
consequen tly  a  su p e rio r  p ro d u c t  w ould be  o b ta in e d  
d ue  to  th e  im proved  form  o f te m p e r-c a rb o n  p ro 
duced a t  th e  lower te m p e ra tu re s .

Conclusions.

Fi'om  P a r t  I  o f th e  P a p e r  th e  fo llow ing  co n clu 
sions m ay  be d ra w n  : —

(1) T h e  e u te c tic  te m p e ra tu re  fo r  th e  p a r t ic u la r  
w h ite  iro n  u n d e r  rev iew  is in  th e  n e ig h b o u rh o o d  
of 1,145 deg. C. ; sam ples h e a te d  above th is  te m p e ra 
tu r e  show n o  signs o f g ra p h it is a t io n .  I t  th e re fo re  
a p p ea rs  likely , a t  le a s t in  th e  c a se  o f h y p o -e u te c tic  
alloys, t h a t  g ra p h ite  is  n o t  t h e  c o n s t i tu e n t  
s e p a ra t in g  from  th e  m elt.

(2) I n  th e  case  of sam ples h e a te d  well above 
1,000 deg. C., th e  ca rb o n  w hich  is p re c ip ita te d  te n d s  
to  assum e th e  fo rm  of p rim airy  g ra p h ite ,  i .e .,  th in  
flakes w h ich  b re a k  up  th e  c o n tin u ity  o f th e  m e ta llic  
m a tr ix , th u s  re d u c in g  co n sid erab ly  th e  s t r e n g th  of 
th e  iron .

(3) T he ty p ic a l ro u n d e d  fo rm  o f tem p e r-c a rb o n  
is p ro d u ced  a t  te m p e ra tu re s  well below 1,000 deg . 
C., th e  low er th e  te m p e ra tu re  (w ith in  l im its ) ,  th e  
m ore co m p ac t th e  carb o n , an d  co n seq u en tly  th e  
g re a te r  th e  m a llea b ility  of th e  c a s tin g .

(4) T h ere  a p p e a rs  to  be a  d e fin ite  c h an g e  be tw een  
specim ens Nos. 4 to  7 an d  N os. 8 to  12, i .e .,  a



105

c r itic a l te m p e ra tu re  betw een  990 an d  1,050 deg. C., 
a t  which th e  c a rb o n  changes i ts  fo rm  from  spherica l 
to  flaky. I t  is su g g ested  t h a t  th is  is re la te d  to  
th e  th e rm a l p o in ts  fo u n d  by C a rp e n te r  and  
K ee lin g 1, betw een  1,000 an d  1,100 deg. C.

(5) In  a  w h ite  iro n , th e  h ig h e r th e  an n ea lin g  
te m p e ra tu re  (as long as 1,145 deg. is n o t exceeded), 
th e  m ore  ra p id  is th e  fo rm a tio n  of g ra p h ite . T his 
is th e  cause  o f th e  h ig h  a n n e a lin g  te m p e ra tu re s  
em ployed in  th e  w h ite -h e a r t  process, n ecessita ted  
by th e  u n b a lan ced  c o n te n t of th e  e lem en ts  p re sen t. 
I t  h a s  been  sugg ested  t h a t  a  com position  w hich 
p e rm itte d  low er a n n e a lin g  te m p e ra tu re s  to  be 
em ployed would g iv e  a  su p e rio r  an d  m ore u n ifo rm  
p ro d u c t.

(6) C onversely, th e re  is a  te m p e ra tu re ,  dep en d 
in g  u p o n  th e  com position  of th e  w h ite  iro n , below 
w hich th e  a m o u n t o f g ra p h ite  which s e p a ra te s  is 
neg lig ib le .

(7) B y em ploying  a  v ery  o x id is in g  p a ck in g  
m a te ria l  a n d  a  h igh  te m p e ra tu re ,  i t  is possible 
to  e lim in a te  co m p le te ly  all e le m en ta ry  carb o n , 
leav in g  only fe r r i te  a n d  p e a r lite . U ltim a te ly  also 
th e  carb o n  in th e  p e a r l ite  is ox id ised  an d  only 
f e r r i te  re m a in s .

PART n —THE FORMATION OF PRIMARY 
GRAPHITE IN A TYPICAL GREY CAS T 1ECN

P re v io u s  w orkers h av e  fo r  th e  m ost p a r t  con
fined th e ir  a t te n tio n  to  th e  to ta l  a m o u n t of 
g ra p h ite  fo rm ed 5, a lth o u g h  W u s t6 an d  H o n d a 7 
quenched sm all sam ples o f w h ite  iro n  ju s t  below th e  
e u te c tic  p o in t  an d  s tu d ie d  th e  fo rm atio n  of 
g ra p h ite  w ith  th e  m icroscope.

Annealing Experiments.
E x p erim en ts  w ere  c a r r ie d  o u t in  ordeir to  trac e , 

if possible, th e  m ode o r m ethod  o f fo rm a tio n  of 
p r im a ry  g ra p h ite  in  a n  o rd in a ry  cas tin g . The 
p ig -iron  em ployed analysed  as follow s: —

T o ta l C  3 .2 ;' G ra p h itic  C 2 .5 ; Si 1 .3 ; S 0 .14; 
P  0.04, an d  M n 0.77 p e r  cen t.

4. “ Journal Iron and Steel I n s t itu te ,” 1904, I, 224.
5. “  Stahl u. E isen ,” 1922, 42, 148. See a lso  H atfield , 

" J o u rn a l Iron and Steel In stitu te ,"  1907. 2, 79; and Brown, 
“ P roceed ings Staffs. Iron and  Steel I n s t itu te ,” 28, 127.

6. “ M eta lln rg ie ,” 1909.
7. “ Journal Iron and  Steel I n s t itu te ,” 1920, 2, 287.
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T a b l e  II.
Quench. T.,

B ar Number. in deg. C. Graphite per cent.

A1 940 1.5
A2 900 1.7
A3 850 2.09
A4 800 2.4
A5 750 2.5
A 6 700 2.6

T a b l e  I I I .
Quench T.,

B ar Number. in deg. C. Graphite per cent.

B1 1,150 1.84
B2 1,100 1.9
B3 1,050 1.94
B4 1,000 2.1
B5 950 2.29
B6 900 2.42

T h e  g en era l m eth o d  o f p ro c e d u re  w as as
follows : —■

The p ig -iro n  was cas t in to  sev era l b a rs  (6 in . long  
X  1 in . d ia .)  in  one sa n d  box. Soon a f te r  so lid i
fication  an d  w h ilst th e  iro n  w as re d  h o t ,  th e  b a rs  
w ere qu ick ly  t r a n s f e r r e d  to  a  la rg e  g a s  m uffle, 
h e a te d  to  a  p re -d e te rm in ed  te m p e ra tu re .  A f te r  
an  in te rv a l o f five m in u te s  th e  f irs t  b a r  was ta k e n  
o u t an d  q uenched  in  cold w a te r . T h e  te m p e ra tu r e  
of th e  muffle was low ered an d  th e  re m a in in g  b a rs  
quenched a t  in te rv a ls  o f 50 deg. C. S a m p le s  w ere

T a b l e  IV .

Bar Number.
Quench. T. 
in deg. C. G raphite  per cent.

F I 1,140 1.5
F2 1,050 1.6
F3 950 1.7
F4 900 1-9
F5 850 2.05
F 6 750 2.15
F7 650 2.2

t a k e n  from  th e  b a rs  fo r chem ica l a n d  m icroscopical 
analysis. T he re su lts  o f th e  f irs t tw o  e x p e rim e n ts  
a re  show n in  T ab les I I  a n d  I I I ,  a n d  a lso in  
G rap h  I .

In  th e  th i r d  e x p e rim e n t th e  q u en ch in g  te m p e ra 
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tu r e  irange covered  those  o f th e  firs t tw o  e x p e ri
m ents, an d  th e  re su lts  a re  show n in  T ab le  IV  and  
G ra p h  I I .

As i t  ap p ea red  d esirab le  to  a s c e r ta in  th e  tim e  
req u ired  in  th e  fu rn a c e  fo r  th e  b a rs  to  a t t a in  a 
s ta te  of eq u ilib riu m  fo r a d e fin ite  te m p e ra tu re , a 
fu r th e r  se t of 'bars was c a s t  as b e fo re  a n d  t r a n s 
fe rre d  to  th e  muffle a t  1,000 deg. C.- The first b a r 
was ta k e n  o u t a n d  quenched  a f te r  five m in u te s  in

th e  fu rn ac e , an d  th e  o th e r  b a rs  w ere quenched  a t  
in te rv a ls  o f five m in u te s . T ab le  V shows th e  
re su lts  of th is  ex p erim en t, an d  i t  will be  seen th a t  
for a te m p e ra tu re  of 1,000 deg. a t  lea s t te n  m in u te s  
a re  re q u ire d  in  th e  fu rn ac e  fo r eq u ilib riu m  con
d itio n s  to  occur.

T a b l e  V.

B ar No.
Quench T. 
in deg. C.

Time
Minutes.

G raphite 
per cent.

Cl 1,000 5 2.03
C2 1,000 10 2.2
C3 1,000 15 2.22
C4 1,000 20 2.2
C45 1,000 25 2.25
C6 1,000 30 2.22

Discussion of Results.
F rom  a  s tu d y  of G rap h  I I  i t  will be seen t h a t  a 

b a r  which co n ta in s  1.5 p e r  cen t, g ra p h ite  a t  1,140 
d eg ., on cooling to  650 deg. increases i ts  g ra p h ite  
c o n te n t to  2.2 p e r c en t. T h is increase , how ever,



110

is n o t c o n s ta n t , b u t  th e  r a te  of p re c ip ita tio n  of 
g ra p h ite  f irs t in c reases  a n d  th e n  fa lls  off a g a in , so 
t h a t  a t  a b o u t 900 deg. th e r e  is a  m ax im u m  r a te  of 
p re c ip ita tio n . T he sh a p e  of th e  c u rv e  is con
s id e red  to  he  d u e  to  th e  com bined in fluence of th e  
ten d e n cy  fo r  th e  fo rm a tio n  of g ra p h ite  a n d  th e  
in c re as in g  r ig id i ty  o f th e  m eta l. I t  m ay  safe ly  
be assum ed t h a t  in  th e  solid  s ta te  g ra p h ite  is th e  
s ta b le  fo rm  of carb o n , a n d  n o t  cem en tite . In  t h a t  
case, th e  low er th e  te m p e ra tu re  from  th e  m e ltin g  
p o in t,  th e  g re a te r  th e  ten d e n cy  o f th e  u n s ta b le  
c e m e n tite  to  decom pose in to  g ra p h ite  a n d  iro n . I t  
is, how ever, a recogn ised  f a c t  t h a t  d ecom position  
o f c e m e n tite  cau ses a n  ex p an s io n  in  th e  c a s t in g ;  
t h a t  is  why w hite  iro n s  c o n tr a c t  m uch  m ore  th a n  
g rey  irons. "With lo w erin g  o f te m p e ra tu re ,  th e  
r ig id i ty  o r  s tr e n g th  of th e  iro n  in c reases  c o n s id e r
ably, as would be ex p ee ted , a n d  th is  r e s is ts  th e  
in te rn a l  ex p ansion  cau sed  'by th e  decom posing  
cem en tite .

I n  th e  fo reg o in g  e x p e rim e n ts  th e  m in im u m  
a m o u n t of g ra p h it ic  c a rb o n  w as 1.5 p e r  c e n t, o u t  
of a  to ta l  c a rb o n  c o n te n t  o f  over 3 p e r  c e n t. In  
o th e r  w ords, n ea rly  h a lf  th e  g ra p h ite  h a d  been  
p re c ip ita te d  b e fo re  th e  a c tu a l  in v e s tig a tio n s  h a d  
com m enced. F u r th e r  w ork w as n ecessa ry , th e r e 
fore, to  acco u n t fo r  th e  f ir s t  q u a n ti t ie s  o f  g r a p h i te  
fo rm ed , a n d  i t  w as reco g n ised  t h a t  a  d if fe re n t 
m odus o perand i w as called  fo r .

Quenching Experiments.
T h e  iro n  u sed  was a n  o rd in a ry  g re y  iro n  o f th e  

follow ing c o m p o s itio n : —-
T o ta l C 3 .4 ; G ra p h itic  C 2 .7 ; Si 1 .4 ; S 0 .0 9 ; 

P  0.07, an d  M n 0.9 p e r  c en t., a n d  th e  m eth o d  
finally  ad o p te d  w as a s  fo llo w s: —

U sing  a  sm all M o rg an  c ru c ib le  a s  a  p a t t e r n ,  five 
cas t-iro n  m oulds w ere  p re p a re d . O ne w as h e a te d  
to  a  b r ig h t  re d  h e a t  a n d  in to  i t  w as p o u re d  a  
sm all q u a n ti ty  (a p p ro x im a te ly  1 lb .) o f m o lten  
iro n , a n d  th e  whole quen ch ed  in  cold w a te r  b e fo re  
th e  iro n  h a d  solid ified , th e  te m p e ra tu re  b e in g  
d e te rm in e d  w ith  a  n ick e l-ch ro m e therm o -co u p le . 
A n o th e r  in g o t w as p o u re d , as be fo re , h u t  th is  t im e  
i t  was quenched  a t  th e  so lid ify in g  p o in t.  T h ree  
m o re  in g o ts  w ere s im ila r ly  p o u red  a n d  q u en ch ed  a t  
d iffe ren t te m p e ra tu re s  below th e  so lid ify in g  tern-
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p e r a tu r e  of th e  iron . Sam ples fo r  chem ical and  
m icroscopical a n a ly sis  w ere o b ta in e d  from  th e  
c e n tre  of each  specim en . T h e  re su lts  a re  g iven  in 
T able  V I , i l lu s tra te d  in G ra p h  I I I ,  an d  m icro
scopically  in  F igs. 15 to  20.

G raph  I I  is th e  m ost im p o r ta n t  of th e  curves 
shown. I t  will be  seen  t h a t  b e tw een  th e  eu te c tic  
p o in t 1,145 deg. an d  1,100 deg. th e re  is a c r itic a l

F i r . .  2 1 .— x  8 0 0 .

ra n g e  in  w hich m ost o f th e  g ra p h ite  is p re c ip i
ta te d ,  i .e ..  m ost o f th e  g ra p h ite  form s ju s t  below 
th e  e u te c tic  te m p e ra tu re .  I t  shou ld’ be s ta te d  h e re  
t h a t  th e  a c tu a l g ra p h ite  va lues g iven  in  T ab le  V I 
do n o t re p re se n t eq u ilib riu m  co n d itio n s, b u t  a re  
ap p licab le  solely to  th e  p a r t ic u la r  case  u n d e r  
review , w ith  cooling  ra te s , like  those in  a c tu a l 
p rac tio e , too ra p id  fo r  eq u ilib riu m  to  occur. I t  
will n o t be difficult to  u n d e rs ta n d , how ever, t h a t  
th e  g en era l form  of th e  cu rv e , w ith  in  m any  cases 
d iffe re n t g ra p h ite  va lues, m ay  be ap p lied  to  m ost 
g rey  irons an d  in d ic a te s  th e  q u a n ti ta t iv e  fo rm a 
tio n  o f g ra p h ite  in  g rey  iro n  cas tin g s . F rom  
Table V I i t  w ill be  seen t h a t  th e  c e n tre  of th e  firs t 
specim en G I c o n ta in s  0.27 p e r  cen t, of g ra p h ite , 
a lth o u g h  quen ch in g  took  p lace from  th e  m olten  
s ta te . One m u st ta k e  in to  acco u n t, how ever, th e  
fa c t t h a t  th e  quenched  sam ple  was co m p ara tiv e ly  
la rg e  an d  w eighed n early  1 lb. w ith o u t th e  m ould, 
so t h a t  th e  quen ch in g  was n o t in s ta n ta n e o u s . T he



112

\ /

•-•T \ v 4k'

„ J*

i ' - ' "  ■ '  ' l £ L ± a ^ t --+*•

>  i

I *

A  .V
:h i

%

V V , - ( V -  V -

-IT yt *( f>n  \

F
IG

. 
23

. 
F

ig
. 

24
. 

F
ig

. 
25

. 
F

ig
. 

26
. 

F
ig

. 
27

. 
A

.—
E

d
g

e
. 

J1
 

B
.— 

C
e

n
t

r
e

. 
J2

 
A

.—
E

d
g

e
. 

J2
 A

—
C

e
n

tu
e

. 
J3

 
A

.—
E

d
g

e
,



113

L -

'  '  ’

• t
/  ' (  

W

M ..S *

,<> r* -

> / 9 ,
-— '

flt i  •«? - «-
A

/ / < * ■  - • %

 3 T   ..... T “ g

/  ■ . '  7  .  ;

41i ,  '  > :  s  **
y - \  • *  ‘ *

•  V '  V '  -
\  ^  V

' tJ  ■ *  x * M.
v *  %

Zz-i CQ

-v "

'IG
. 

38 
F

ig
, 

29 
F

ig
. 

30
. 

F
ig

. 
31

. 
F

ig
. 

32
.

.—
C

e
n

tr
e

. 
J4

 
A

.—
E

d
g

e
. 

J4
 B

.—
C

e
n

tr
e

. 
J

d
 A

.—
E

d
g

e
. 

J5
 B

.—
C

e
n

tr
e

.



114

tim e  fa c to r  m u s t be considerech a n d  i t  is m ost 
p ro b ab le  t h a t  th e  g ra p h ite  in  G I  w as fo rm ed  ju s  
below th e  e u te c tic  te m p e ra tu re .  T h is  view  is con
firm ed by tb e  m icroscopic e x a m in a tio n  (see Fig^ Ivl» 
w here  i t  is seen t h a t  p a r t  o f  th e  g ra p h ite  is shown 
in th e  au s ten o id  a rea s.

G r a p h  I I I .

Graphite Content of Molten Metal.
To decide w h e th er g ra p h ite  is p re s e n t  a s  su ch  in  

th e  p a r tic u la r  iro n  u n d e r  d iscu ssio n  w h en  m o lten , 
a  sam ple  of th e  c a s t  iro n  as u sed  in  th e  p re v io u s  
e x p e rim e n t was m elted  in  a  S a la m a n d e r  c ru c ib le  
a n d  p o u red , from  ju s t  above th e  m e ltin g  p o in t,  in  
as th in  a  s tre a m  a s  possib le  in to  cold  w a te r , in  
o rd e r to  o b ta in  th e  m ax im u m  q u e n c h in g  effect. A 
piece o f th e  re su l tin g  m eta l w as c lean ed  a n d  th e n  
dissolved in  n i tr ic  acid  o f 1.20  sp . g r .  a n d  th e  
so lu tio n  filte red . N o t r a c e  o f g r a p h i te  c o u ld  be 
observed, show ing  t h a t  in  m o lten  iro n  g r a p h ite  
does n o t  o ccu r in  i t s  e le m e n ta ry  fo rm , b u t  as a 
com pound w ith  iro n , as iro n  c a rb id e . A n o th e r  
specim en of th e  quenched  iro n  w as sec tio n ed  a n d  
polished fo r m icroscopic  e x a m in a tio n . F ig .  21 
'show s th e  m ic ro g rap h  (x 8 0 0 ) , an d  i t  w ill be seen  
t h a t  th e  q u en ch in g  h as b een  suffic ien tly  sev e re  to  
r e ta in  c ry s ta ls  of a u s te n ite , c o n ta in in g  n eed les  o f 
m a r te n s ite , b u t  no g ra p h ite  c a n  be  observed .

Equilibrium Graphite Content.
I n  o rd e r  to  d e te rm in e  th e  m ax im u m  g ra p h ite  

c o n te n t  a t  d iffe re n t te m p e ra tu re s ,  s ix  b a rs  were 
e a s t  an d  tr e a te d  as in th e  f ir s t  e x p e rim e n ts , ex cep t
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th a t  each  b a r  was h e ld  a t  i ts  q u en ch in g  te m p e ra 
tu re  fo r t h i r t y  m in u te s  be fo re  qu en ch in g . T he 
re su lts  a re  g iven  in  Ta'ble V I I .

The com position  o f th e  iro n  was as follow s: — 
T otal C 3 .4 ; G ra p h itic  C  2 .7 ; Si 1 .4 ; S 0 .0 9 ; 
P  1.07, an d  M n 0.9 p e r  cen t.

In  G rap h  IV  th e  ca rb o n  so lu b ility  cu rve  h a s  
been  p lo tte d  on th e  iro n -ca rb o n  eq u ilib riu m

T a b l e  VI.

Specimen.
Quench T. 
in  deg. C.

Graphite 
per cent. Micro.

G1 1,240 0.27 Figs. 15 & 16
G2 1,145 0.87 Fig. 17
G3 1,083 1.9 Fig. 18
G4 980 2.3 Fig. 19
Go 915 2.4 Fig. 20

d iag ram , an d  will ¡be seen  to  conform  fa ir ly  closely 
w ith  th e  line  usu a lly  rep re se n ted  as A gr, a lth o u g h  
th e  iro n  h as th e  u sua l m in o r e lem en ts o r  im p u ritie s  
as fo u n d  in  com m ercial irons. T he d o tte d  line  
shows a t  an y  re q u ire d  te m p e ra tu re  how m uch 
carbon  is d issolved in  th e  iro n  as c e m e n tite  o r iron  
c a rb id e ; th e  d ifference b e tw een  th ese  values a n d  
th e  to ta l  carbon  c o n te n t  is th e  a m o u n t of carbon  
p re se n t as g ra p h ite .

T a b l e  VII.

Bar Number.
Quench T. 
in deg. C. Graphite per cent.

H I 1,100 2.2
H2 1,000 2.3
H3 900 2.45
H4 800 2.65
H5 700 2.8
H 6 600 2.9

Effects of Casting Temperature.
I t  is now well know n t h a t  c a s tin g  te m p e ra tu re  

has a  b e a rin g  on th e  physical p ro p e rtie s  o f th e  iron . 
L on g m u ir p o in ted  th is  o u t  tw e n ty  y e a rs  ago. 
O ther w orkers h av e  since c a rr ie d  o u t  in v es tig a tio n s  
on th e  sam e  su b je c t. I t  a p p ea red  desirab le  to  
a sc e rta in  th e  effect of p o u rin g  te m p e ra tu re  on 
g ra p h ite  fo rm atio n , b e a rin g  in  m ind , as m en tio n ed
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p rev iously , th e  in flu en ce  o f th e  size a n d  sh a p e  of 
th e  g ra p h ite  on  th e  p ro p e rtie s  o f c a s t iro n , t h e  
fro m  1,410 to  1,210 deg. C. T h e  b a rs  w ere  broken  
th e  p rev io u s e x p e rim e n t. F iv e  b a rs  w ere p oure  
from  th e  sam e c ru c ib le , a t  te m p e ra tu re s  ra n g in g  
from  1410 to  1210 deg. C. T h e  b a rs  w ere b ro k en  
a n d  sam ples o b ta in e d  fo r  m iciroscopical an d  ch em i
cal an aly sis. H a rd n e s s  te s ts  w ere  c a r r i e d  o u t  on  
th e  m icro-specim ens, u s in g  a  10-m m . b a ll fo r  th e  
c e n tr e  a n d  1 m m . ba ll fo r  th e  ed g e  of th e  sp ec i
m en, on  a su rfa c e  a t  r ig h t-a n g le s  to  th e  le n g th  o 
th e  b a r . T h e  fu ll re su lts  a re  g iv en  in  T ab le  
an d  show n in  G rap h  V. I t  m ig h t.b e  ex p ec ted  t h a t  
a  d ecrease  in  g ra p h ite  c o n te n t  w ould  te n d  to  
in crease  th e  h a rd n ess , on  a c c o u n t o f th e  im p lied  
increase  of th e  h a rd  c em en tite  c o n s t i tu e n t  in  th e  
m ass. T h is  su p p o sitio n  in  g e n e ra l is b o rn e  o u t  by 
th e  cu rv es show n in  G ra p h  V. I n  a d d itio n , i t  w ill 
be n o ticed  t h a t  a lth o u g h  th e  g ra p h ite  c o n te n t  of 
th e  c en tre  o f  th e  b a rs  does n o t  v a ry  c o n s id e ra b ly , 
th e re  is a c o n tin u a l decrease  in  th e  g r a p h i te  on 
th e  edge.

R e fe r r in g  now  to  m icroscopical ev id en ce  : m icro
g ra p h s  w ere ta k e n  o f each  spec im en  a t  th e  c e n tr e  
an d  n e a r  th e  edge, a t  a  m ag n ifica tio n  o f xlO O  d ia .

an d  u n e tc h ed  (see F ig s . 23 to  32). T h e  c o m p a ra 
tiv e ly  la rg e  size  o f g ra p h ite  flakes in  th e  c e n tre s  
of th e  f irs t th re e  specim ens c o n tra s ts  la rg e ly  w ith  
th e  size on th e  o u ts id e  of th e  la s t  th r e e  specim ens. 
T h e re  is a d is t in c t  co n n ec tio n  a lso  be tw een  th e
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h a rd n ess an d  size of g ra p h ite  flakes, i t  b e in g  pos
sible to  c o rre la te  th e  g ra p h ite  size w ith  th e  sh ap e  
of th e  h a rd n ess  cu rv e , bo th  fo r th e  c e n tre  an d  th e

T a b l e  V III.

Specimen and 
Quenching T. 

in deg. C.

Brinell 
No. for 1 
centre 

of
specimen.

Brinell 
No. for 
edge of 

specimen.

Graphite 
per cent.

in
centre.

G ra
phite 

per cent, 
a t  

edge.

J1 1,410 170 138 2.8 2.84
J2 1,350 163 150 2.96 2.7
J3  1,270 166 150 2.86 2.6
J4  1,240 174 138 2.87 2.56
J5  1,210 179 159 2.78 2.5

edge of th e  specim ens; in  o th e r  words, in crease  in 
size ( re fe rrin g  now to  dim ensions, n o t p e rcen tag e  
by w eight) co rresponds to  decrease  in  h a rd n ess . 
This is shown bv J 3  and  J 4  cen tres . J 4  is h a rd e r
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th a n  J3 , a lth o u g h  i ts  g ra p h ite  c o n te n t  is  n o t less, 
b u t th e  av erag e  size of in d iv id u a l flakes is sm alle r. 
S im ilarly  a  com parison  be tw een  th e  edges o f J 3  
and  J4  shows t h a t  a lth o u g h  J 4  h a s  th e  sm alle r
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g ra p h ite  c o n te n t ,  i t  h a s  th e  low er hairdness nu m b er, 
d u e  to  la rg e r  size o f i ts  g ra p h ite  flakes.

Conclusions.
T he follow ing conclusions m ay  be d ra w n  from  th e  

work described  in  P a r t  I I  o f th is  P a p e r :
(1) F re e  g ra p h ite  is n o t  p re se n t  in  m olten  cas t 

iro n , b u t  th e  g ra p h ite  w hich is p re se n t  in  a  c a s tin g  
re su lts  from  th e  decom position  o f c e m e n tite  in  th e  
solid  s ta te .  . .

(2) On cooling  fro m  th e  liq u id  co n d itio n , th e  i r ° n 
p re c ip ita te s  m ost of i ts  g ra p h ite  ju s t  'below th e  
so lid ify in g  p o in t,  i .e ., b e tw een  1,145 a n d  1,000 d eg ., 
in  th e  p a r t ic u la r  iro n  u n d e r  review .

(3) S m alle r q u a n ti t ie s  o f  g ra p h ite  a r e  p ro d u c ed  
below 1,000 deg. C ., d u e  to  th e  decom position  o f th e  
p ro -eu tec to id  cem en tite .

(4) I n  one sam p le  of c a s t  iro n  i t  is show n th a t  
w h ilst a f te r  a n n e a lin g  a t  1,100  deg . th e  g r a p h i te  
c o n te n t is 2.2  p e r  c e n t .,  o n  slowly co o lin g  to  600 
deg. a n d  a n n ea lin g  a t  t h a t  t e m p e ra tu r e  th e  
g ra p h ite  is in creased  to  2.9 p e r  cen t.

(5) A t 1,000 deg. e q u ilib riu m  of g r a p h i te  c o n te n t  
is o b ta in e d  a f te r  a  ve ry  s h o r t  an n ea l.

(6) F o r  an y  p a r t ic u la r  iro n  th e re  is  a  d e fin ite  
g ra p h it ic  ca rb o n  c o n te n t  u n d e r  c o n d itio n s  o f eq u ili-  
bru-m fo r  an y  g iv en  te m p e ra tu re .

(7) T he g ra p h ite  a t  th e  t im e  of fo rm a tio n  
assum es th e  cu rv ey  flaky  sh a p e  s im ila r  to  t h a t  
fo u n d  in  th e  final c a s tin g .

(8) D ecreasin g  th e  p o u rin g  te m p e ra tu re  low ers 
th e  g ra p h ite  c o n te n t,  p a r tic u la r ly  o n  th e  o u ts id e  o f 
th e  b a rs.

(9) I n  th e  case  u n d e r  rev iew  th e  h ig h e s t  p o u r in g  
te m p e ra tu re  y ields an  iro n  w ith  m ore  g r a p h i te  on 
th e  o u ts id e  th a n  in  th e  c e n tre .

(10) G ra p h ite  size is g r e a te r  a t  th e  c e n t r e  th a n  
a t  th e  edge.

(11) In c re a se  in  size of g ra p h ite  te n d s  to  d ecrease  
th e  h a rd n ess .

(12) I n  g e n e ra l th e  less th e  g ra p h ite ,  t h e  h a rd e r  
th e  iron .

F in a lly , th e  a u th o r  w ishes p a r tic u la r ly  to  th a n k  
P ro fe sso r T. T u rn e r ,  u n d e r  whose d ire c tio n  th e  
w ork w as c a r r ie d  o u t ,  fo r  th e  m an y  u se fu l su g 
g estio n s an d  c ritic ism s -made d u r in g  th e  co u rse  of 
th is  resea rch .
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DISCUSSION.

Heat Treatment and the Production of Pearlitic 
Structure.

M r. J .  S h a w  c o n g ra tu la te d  th e  a u th o r  u p o n  th e  
work he h a d  c a r r ie d  o u t  a n d  th e  re su lts  o b ta in e d . 
D iscussing th e  f irs t p a r t  of th e  P a p e r ,  h e  asked  
w h a t was th e  section  of th e  a n n e a lin g  specim ens. 
W ould th e  an n ea lin g  effect on  co m p ara tiv e ly  la rg e , 
sections—say 3 in . sq.— be th e  sam e all th ro u g h  as 
sam ple 8 , Table I .  I n  th is  case th e  te m p e ra tu re  
was 1.050 deg. C ., th e  an n ea lin g  tim e  w as 17^ 
h ours, a n d  th e  m ic ro -co n stitu en ts  w ere g iv en  as 
g ra p h ite , p e a r lite  a n d  fe r r i te .  I t  would be  in 
te re s tin g  to  lea rn  w h e th er th e  a u th o r  h ad  an n ea led  
co m p arativ ely  la rg e  sections of w h ite  c a s t  iro n  
a n d  o b ta in ed  a p e a rlitic  s tru c tu re  all th ro u g h  th e  
piece.

Precipitation of Graphite After Attaining Equilibrium.
In  re g a rd  to  P a r t  I I  of th e  P a p e r . F ra n k ly  h e  

could n e t  reconcile  th e  re su lts  o b ta in e d  in  one 
tab le  w ith  those  g iven  in  th e  o th e r  tab le s . They 
w ere to ld  in  o ne  case t h a t  e q u ilib riu m  was 
a tta in e d  a t  th e  end of 10 m in s ., an d  w hen th e  
h e a t t re a tm e n t was c o n tin u ed  fo r  30 m ins. p ra c t i 
cally no  fu r th e r  g ra p h ite  w as o b ta in ed . W h ere  
th ey  to  u n d e rs ta n d  from  th is  t h a t  if a c a s tin g  was 
held  a t  a  g iven  te m p e ra tu re , above th e  change  
p o in t, a f te r  a tim e  n o  f u r th e r  g ra p h ite  was 
fo rm ed. C astin g  te m p e ra tu re  p lays a  p a r t  in th e  
am o u n t of g ra p h ite  fo rm ed , y e t no  c a s tin g  te m 
p e ra tu re  is g iven  in  T ables I I ,  I I I  o r  IV . M r. 
Shaw  also  po in ted  o u t t h a t  th e  tim e  ta k e n  to  
reduce  th e  te m p e ra tu re  in th e  muffle from  940 to  
700 deg. C . in  Table I I  is n o t g iven . The sam e 
fa c t app lies to  Tables I I I  an d  IV , so i t  is difficult 
to  form  conclusions. B u t B a rs  A2, B l ,  a n d  F 4  
all quenched a t  900 deg. C., y e t 1.7, 2.42 an d  1.90 
p er cen t, g ra p h ite  respec tive ly  a re  o b ta in ed . 
A gain , B3 an d  F 2 . In  th e  f irs t case 1.94 p e r 
cent, g ra p h ite  was th ro w n  ou t, w hile in  th e  l a t t e r  
only 1.6  p e r  cen t, w as o b ta in e d , y e t b o th  th e s e  
la t te r  m u s t have  been he ld  over th e  10 m in s .— 
m entioned  as th e  tim e  to  o b ta in  eq u ilib riu m  a t  
1.000 deg. C



Free Graphite in Molten Iron.
As to  th e  vexed q u estio n  of w h e th e r g ra p h ite  

could  e x is t in  th e  free  s ta te  in  th e  m o lten  m eta l, 
th e  fa c t p o in te d  o u t by  M r. N o r th c o tt  t h a t  in  he 
quenched  specim en , G l, in  T ab le  V I, i t  was pos
sible to  o b ta in  0.27 g ra p h ite  in th e  v ery  sh o r t  tim e  
i t  took  to  so lid ify  th is  specim en, g av e  a reaso n  fo r 
som e of th in g s  en co u n te re d  th a t  was considered  
p roof t h a t  free  c a rb o n  was p re se n t in  m olten  iron . 
A t th e  sam e tim e , i t  was q u ite  possib le  t h a t  p o u i-  
in g  a v e ry  th in  s tre am  of m o lten  m eta l in to  w a te r  
any* fre e  carb o n  m ig h t be w ashed aw ay  in  th e  
w a te r . T he figu res given in  T ab le  V I I I  w ere 
in  c o n tra d ic tio n  w ith  th o se  of H a ils to n e s  m  
h is  P a p e r  before  th e  Iro n  an d  S tee l I n s t i tu te .  
H a ils to n es s ta te d  t h a t  w hen c a s tin g  a t  1,428 deg. 
C. w ith  th e  m eta l h e  used, th e  g ra p h ite  w as 2.83 
deg. C. H e  cas t fresh  Bars a t  in te rv a ls  o f 2 m in s . 
T he la s t  b a r  was cas t a t  1,264 deg. C ., a t  w hich  
te m p e ra tu re  h is g ra p h ite  c a rb o n  c o n te n t  was 
increased  to  3.126 p e r  cen t. W hich  re s u lt  w as to  
be considered  c o rre c t?

D écarburisation Danger.
M r . N o r t h c o t t ,  re p ly in g  to  M r. Shaw , sa id  t h a t  

th e  specim ens he  h a d  a n n ea le d  fo r  th e  f i r s t  p a r t  of 
th e  P a p e r  w ere n o t m ore  th a n  1 cm . sq u a re . H is  
ch ief t ro u b le  w ith  sec tio n s o f  such  sm all size w as 
t h a t  d é c a rb u ris a tio n  to o k  p lace  o n  th e  o u ts id e . 
T h a t  was why th ey  h a d  been  a n n e a le d  in  a p a r t i a l  
v acu u m . On th e  sm all specim ens, o r, f o r  t h a t  
m a t te r ,  on  b ig  ones, if  th e y  w ere a n n e a le d  fo r  a 
sufficiently  long  tim e , p a r tic u la r ly  in  an  o x id is in g  
a tm o sp h ere , d é c a rb u ris a tio n  would ta k e  p lace . 
W ith  re g a rd  to  p e a r l ite ,  h e  c e r ta in ly  th o u g h t  in 
w h ite  h e a r t  m eta l w ith  h ig h  su lp h u r  o r  c h ro m iu m  
th ey  would g e t a  m a tr ix  of p e a r l ite  w ith  n o d u les 
of tem p er-ca rb o n . As to  M r. S h aw ’s re m a rk s  w ith  
re g a rd  to  T ab les I I  a n d  I I I ,  i t  m u st be  u n d e r 
stood th a t  those  w ere n o t in te n d e d  to  be  e q u ili
b riu m  co n d itio n s. I n  T able  V  th e re  w ere in e q u i
lib riu m  co n d itio n s, and  i t  was seen t h a t  a f te r  ab o u t 
10 m in u te s  a t  a te m p e ra tu re  of 1,000 deg . e q u ili
b riu m  was a tta in e d .  H e  could c e r ta in ly  °say th a t  
a t  a n y  te m p e ra tu re  above 700 deg. th e re  w as only 
one carbon  c o n te n t  when th e  m eta l was in 
eq u ilib riu m . In  th is  case i t  was a b o u t 2.2 p e r  cen t 
a t  1,000 deg.
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A S p e a k e r  asked  how M r .  N o r th c o tt  accoun ted  
fo r th e  d ifference in  g ra p h it ic  c o n te n t betw een 
specim ens A2 an d  B 6 in  T ables I I  an d  I I I ; th e  te m 
p e ra tu re  was th e  sam e in  each case, a n d  each was 
held fo r 10 m in u tes .

M r . N o r t h c o t t  rep lied  w ith  th e  a id  o f a ske tch  
of th e  iron -carbon  eq u ilib riu m  d iag ra m . H is 
figures in  T ables I I  an d  I I I  were d is tin c tly  n o t in 
equ ilib rium . I f  th ese  irons h ad  been held  a t  each 
te m p e ra tu re  fo r a t  le a s t  10 m in u te s  h e  be lieved  M r. 
Shaw  would see t h a t  th e  figures would h a v e  been 
equal in  b o th  tab les , b u t  w ith  a  descend ing  te m 
p e ra tu re — th e  cooling was fa ir ly  ra p id  in  a  sm all 
gas muffle— eq u ilib riu m  c o n d itio n s  h ad  n o t been 
o b tained . W ith  re g a rd  to  m olten  m e ta l, he  h ad  
no d o u b t t h a t  cairbon in  m olten  iron  d id  n o t  ex is t 
as g ra p h ite . H e  could  n o t p rove  t h a t  v ery  well 
a t  th e  m om ent, b u t  if  th e y  m ade th e  e x p erim en t—  
no t an  o rig in a l ex p erim en t— of p o u rin g  m olten  
iron  in to  a buck et o f w a ter, an d  th e n  ta k in g  a 
sm all piece of i t  an d  dissolving u p  in  acid , th e re  
would be no g ra p h ite  th e re  a t  all. H e  h ad  h e a rd  
i t  sa id  t h a t  g ra p h ite  was th e re  in  th e  colloidal 
s ta te , b u t  if  th ey  did n o t find  g ra p h ite  in  th e  
analysis th ey  could be  q u ite  su re  t h a t  g ra p h ite  
was no t th e re  a t  all. H e  d o u b ted  veiry m uch  if 
an y  g ra p h ite  would be  w ashed aw ay by th e  w a te r.

Comparison of Brinell Results.
M r . S i m c o x  said  he could te s tify  t h a t  th e  a u th o r  

h ad  e n te red  in to  h is w ork  in  a th o ro u g h ly  efficient 
m anner. W ith  re g a rd  to  G rap h  V , he asked if  M r 
N o rth c o tt could  ex p la in  th e  d ifference in  th e  d o tted  
cu rv e  fo r th e  edge, g iv in g  a  B rin e ll v a lu e  of 138, 
as com pared  w ith  th e  o th e rs . T h e  to p  cu rv e , for 
th e  c e n tre , ag reed  very  well w ith  th e  view  th a t  
w ith  increase  of g ra p h ite  th e re  was a co rrespond
ing  decrease  in hard n ess , which one could q u ite  
u n d e rs tan d , o r , a t  lea st, one would expect. B u t 
in  th e  cu rv e  fo r th e  edge th e re  was a d ip  n e a r  th e  
end. W as th a t  d ue  to  th e  id io sy n crasies  o f cas t 
iro n ?  M r. N o rth c o tt in  h is ex p erim en ts  h ad  used 
a  1 m m. ball in  one case an d  a  10 m m . ball in 
an o ther. Could th ey  in te r p r e t  th e  re su lts  from  
th e  1 mm. ball in to  th e  re su lts  of th e  10 mm. 
ball?  In  dea lin g  w ith  m alleab le  iro n  on several 
occasions he h a d  m et a  h a rd  c o n s titu e n t, which
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u su a lly  o ccu rred  ro u n d  th e  g ra in  b o u n d a rie s . Dr. 
H a tf ie ld  h a d  m en tio n ed  i t  in  h is book on “  C ast 
I ro n  in  th e  L ig h t  of R e c e n t R e se a rc h .” I t  
a p p ea red  t h a t  th e re  w as som e d o u b t a b o u t th is  
su b stan ce, an d  h e  would a p p re c ia te  fu r th e r  
in fo rm a tio n  co n ce rn in g  it.  ,

M b. N obthcott, re fe r r in g  to  M r. Sim cox s 
re m a rk s  as to  G ra p h  V , sa id  h e  was g lad  M r. 
Sim cox h a d  been  ab le  to  find suffic ien t excuse fo r 
th e  d ip  in  th e  c u rv e  fo r th e  edge in  p u t t in g  i t  
down to  th e  id io sy n crasies of c a s t iro n . T h ere  was 
no d o u b t t h a t  t h a t  was so, 'b u t he  h a d  p u t  i t  down 
to  th e  la rg e  size  of g ra p h ite  flakes in  t h a t  p a r t i c u 
la r  specim en . W h y  th a t  shou ld  be so he  d id  n o t 
know . W ith  re g a rd  to  th e  1 m m. a n d  th e  10 m m . 
b a ll, h e  w as a f ra id  t h a t  th e  re su lts  w ere  n o t con
s is te n t. T h e  tw o in s tru m e n ts  a t  h is  d isposa l d id  
n o t g ive  e x ac tly  th e  sam e v a lues, so t h a t  th e  to p  
h a rd n ess  c u rv e  fo r th e  c e n tre  sh o u ld  c e r ta in ly  
com e down considerab ly . W ith  re g a rd  to  th e  
p o in t ra ised  as to  m alleab le  iro n , he shou ld  im a g in e  
t h a t  th e  c o n s t itu e n t  to  w hich  M r. Sim cox h a d  
r e fe r re d  was c em en tite . A lthough  in  good m alleab le  
iro n  th e re  shou ld  be no  f re e  c e m e n tite  a t  a ll, in  
som e cas tin g s  th e re  w ere co n sid erab le  a re a s  of 
c em en tite  ro u n d  th e  b o u n d a rie s . T h a t  w as show n in 
F ig s. 11, 12 a n d  13 o f th e  P a p e r .  T h e  sam p le  cooled 
fa r  too quickly . I t  w as th e  g e n e ra l p ra c t ic e  to  occupy 
a t  le a s t  tw o d ay s fo r  coo ling  dow n fro m  a  h ig h  
te m p e ra tu re  in  com m erc ial w ork , a n d  h e  c o u ld  on ly  
im ag in e  t h a t  t h a t  p ra c t ic e  w as n o t  fo llow ed in  
cases w here th e re  w ere free  c e m e n tite  a re a s  in  th e  
irons.

Chilled Malleable Iron and Annealing.
M e. F .  J .  Oook sa id  t h a t  in  re g a rd  to  th e  fo rm a 

tio n  of g ra p h ite  o r  tem p e r-c a rb o n  in  m allea b le  iro n  
c as tin g s  d u r in g  a n n e a lin g  th e re  was a  d iffe ren ce  in  
cases w here  th e  m alleab le  iro n  h a d  been  ch illed  in  
m a n u fa c tu re  as co m p ared  w ith  o th e r  cases. I n  
c e r ta in  p a r ts  ch ills  h a d  to  be used  in  o rd e r  to  p ro 
duce so u n d  cas tin g s , an d  i t  would be w o rth  n o tin g  
in  fu tu r e  in v e s tig a tio n s  w h a t effect t h a t  h a d  on th e  
size, co n d itio n  a n d  fo rm a tio n  o f  th e  g ra p h ite  
d u r in g  a n n ea lin g . A n o th e r im p o r ta n t  p o in t was 
t h a t  which was m en tio n ed  in  No. 7 o f th e  a u th o r ’s 
conclusions, i .e .,  th e  fo rm a tio n  o f th e  g ra p h ite  in  
cu rvey  flakes. W h en  ex am in ed  u n d e r  a  m icro 



scope, a curvey flake was a  sau cer-sh ap ed  flake. 
H e  h ad  come to th e  conclusion, a f te r  a  v ery  long 
period  o f o b se rv a tio n , t h a t  when i t  was in  t h a t  
form  i t  was th e  very  s tro n g e s t form  in w hich th ey  
could have it. I f  th e  a u th o r  would b e a r  t h a t  in 
m ind in  h is in v es tig a tio n s, he  m ig h t be ab le  to  
p rove i t  to  th e  sa tis fa c tio n  of fou n d ry m en  
genera lly , a n d  probably  to  th e ir  benefit.

M e . N o r t h c o t t  sa id  he  h ad  n o  ex p erien ce  w ith  
re g a rd  to  m alleable iron  a f te r  ch illing . H e  h ad  
been dea lin g  recen tly  w ith  some special m alleab le  
c as t irons which were ta k e n  o u t  of th e  fu rn a c e  a t  
a red  h e a t a n d  allowed to  cool down in  th e  a ir ,  a n d  
th en  quenched from  a black h e a t, an d  th e re  w ere no 
good m echanical p ro p e rtie s  w hatever.

As to  M r . 'S h a w ’s c ritic ism  of conclusion N o. 8, 
which h e  h ad  o m itted  to  answ er, he  was convinced 
t h a t  h is figures were th e  co rrec t ones— a t  a n y  r a te  
fo r th e  iron  he  was using . I t  was n o t u n re aso n 
able to  suppose th a t ,  by d ecreas in g  th e  p o u rin g  
tem p e ra tu re — certa in ly  on th e  o u tside  of th e  c a s t
ing—th e re  w as less g ra p h ite , fo r th e  sim ple  reason  
th a t  w ith  a h igh  p o u rin g  te m p e ra tu re  th ey  h ad  
an  excess of h e a t  to  w arm  up  e ith e r  th e  
sand  mould o r  iron  m ould, w hichever w as used , 
an d  t h a t  would decrease th e  r a te  of cooling o f th e  
m etal. W h eth er or n o t t h a t  would affect th e  in sid e  
of th e  c a s tin g  would depend, to  a la rg e  e x te n t ,  on 
th e  size of th e  cas tin g .

Total Carbon Content Queried.
M r . H . J .  Y oung , r e fe r r in g  to  T ables I I  an d  

I I I ,  sa id  th a t  if th e  a u th o r  h ad  h a d  a  l i t t le
m ore experience  he would n o t hav e  p u b lish ed  th ose  
two tab les, because th e  only  answ er to  th e  
c riticism s m ade upon  th em  w as t h a t  th e  iro n  w as 
n o t in  eq u ilib rium . I f  i t  w ere n o t in  eq u ilib riu m , 
w ha t w as th e  good of p u b lish in g  th e  tab le s?  I f  
th e  a u th o r  had ca rried  o u t  th e  te s ts  99 tim es  w ith  
th e  iron  n o t in  eq u ilib riu m  h e  would have
got 99 d ifferen t re su lts . H e  a g ree d  w ith
M r. Shaw  t h a t  th ey  h a d  no  m ean in g  w h a t
ever. H e  h a d  no ticed  th a t  th e  to ta l  c a rb o n  o f 
these  p ig -irons was 3.2 p e r  cen t. H e  him self 
used a  g re a t deal of p ig -iro n , a n d  would be ve ry  
g lad if i t  co n ta in ed  only 3.2 p e r  cen t, to ta l
carbon. H e  received i t  som etim es, b u t  t h a t  was
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n o t th e  no rm al i r o n ; i t  w as a  v e ry  low figu re  fo r 
p ig -iro n . H e  knew  t h a t  m ak e rs  a d v e rtise d  pig- 
iron  c o n ta in in g  3.2 p e r cen t, to ta l  carb o n , b u t 
w hen th e  consig n m en ts  w ere ana ly sed , th e y  u su a lly  
fo u n d  a b o u t 3.6 p e r  c en t., a n d  w hen th e  m ak e rs  
ad v e rtis e d  3.6 p e r  c en t., th ey  fo u n d  ab o u t 4 p er 
c en t., an d  so on. T h ere fo re , 3.2 p e r  cen t, vyas a  
v e ry  low figure, an d  th e  f a c t  t h a t  M r. N o r th c o tt  
had  been w ork in g  on a  3.2 p e r  c e n t, to ta l  c a rb o n  
p ig -iron  was a p o in t of im p o rtan ce . I f  h e  h ad  h a d  a 
to ta l  c arb o n  c o n te n t of 4 .2  p e r  c e n t.,  a s  w as th e  
case w ith  m an y  h e m a tite s , some o f th e  figu res 
o b ta in ed  m ig h t be very  d iffe ren t. M r. Y o u n g  sa id  
he ivas asto u n d ed  w hen th e  a u th o r  sa id  t h a t  th e  
size of th e  specim ens was 1 cm. sq u a re , an d  h e  
d id  n o t th in k  t h a t  th o se  w o rk in g  in  e n g in e e r in g  
w orks would be im pressed  w ith  th e  re su lts  o b ta in e d  
on such sm all specim ens. I t  m e a n t  t h a t  th e  a u th o r  
h ad  been w ork ing  on su rface  m ore  th a n  u p o n  m ass. 
T he specim ens d e a lt  w ith  in  th e  second p a r t  of th e  
P a p e r  w ere  6 in . long  a n d  1 in . in  d ia m e te r . T h a t  
b e in g  so, he  would lik e  to  ask  th e  a u th o r  how  h e  
ex p la in ed  T able V I I I .  H e  d id  n o t  th in k  B rin e ll 
re su lts  of re liab le  v a lu e  could  be o b ta in e d  on 1 -in. 
d iam e te r  bars if th e  id ea  w as to  co m p are  r e su lts  on 
th e  edge w ith  th o se  ta k e n  in  th e  c en tre . H e  w as 
sp eak in g  from  th e  p ra c tic a l p o in t  of v iew . M o re 
over, he  d id  n o t th in k  th e  g ra p h ite  re su lts  in  th e  
tab le  w ere co rrec t. T he g ra p h ite  in  th e  c e n tre  of a 
1 -in . b a r  w ould, in  h is o p in io n , be  v e ry  l i t t le  
d iffe ren t from  w h a t i t  w ould  be  to w a rd s  th e  edge, 
unless th ey  took  th e  o u ts id e  sk in —p e rh a p s  1 / 32nd 
from  th e  o u ts id e  edge. Algo' w ith  re g a rd  to  th e  
p e rcen tag e  of g ra p h ite  in  th e  c e n tre , g iv en  in  th e  
tab le , he  d id  n o t th in k  th e re  w as m uch  d ifference  
betw een any  of th e  ■ specim ens.

Molten Iron is Free from Graphite.

H e  ag reed  w ith  th e  a u th o r  t h a t  th e r e  w as no 
free  g ra p h ite  in  m olten  c a s t  iro n , un less i t  w ere 
su p e r-sa tu ra te d  a n d  some p ig -irons c o n ta in e d  m uch  
carbon . W ith  3.2 p e r cen t, to ta l  carb o n , a t  any  
ra te ,  he  d id  n o t th in k  th e re  w as an y  f re e  g ra p h ite .  
In  conclusion, M r. Y oung  su g g ested  t h a t  th e  
a u th o r , if  h e  co n tin u e d  h is  w ork, m ig h t  t a k e  one 
l i t t le  ta b le  o u t  o f th e  P a p e r  an d  c a r ry  o u t  in te n 
sive w ork upon i t ,  and  th en  re ad  a P a p e r  on h is
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in v es tig a tio n s . All would find a g r e a t  deal of 
in te re s t  in  i t .

What is Refined Pig-Iron?
M r . N orthcott, a f te r  th a n k in g  M r. Y oung  for 

h is rem ark s , sa id , r e fe r r in g  to  th e  size of th e  
specim ens o f w h ite  iro n  used  fo r a n n ea lin g  e x p e r i
m en ts , as fa r  as he  could see— h e d id  n o t w ish to 
be  d o gm atic  ab o u t i t— th e  spec im ens used  in th e  
m alleab le  in d u s try  in  th is  c o u n try  w ere g en era lly  
n o t v ery  b ig , in  sec tion  a t  any  r a te ,  an d , irre sp ec 
t iv e  o f th e  size of th e  specim en , he held 
t h a t  th e  te m p e ra tu re  h a d  th e  ch ief in fluence  on 
th e  sh ap e  of th e  tem p er-ca rb o n . W h e th e r th ey  
used  a  b ig  o r a sm all specim en, if  th ey  used  th e  
sam e te m p e ra tu re  an d  a n n e a lin g  co n d itio n s, th ey  
g o t th e  sam e fo rm  of g ra p h ite . As to  th e  p e r
cen tag e  of to ta l  carbon , th e  iron  he o b ta in e d  was 
a  re fined  p ig -iro n , o b ta in e d  locally . H e  h a d  p u r 
chased i t  h im self, th e  analyses w ere h is own, and  
he held  to  th em .

M r . Y oung asked e x ac tly  w h a t M r. N o r th c o tt  
m ea n t by  “  refined  ”  p ig -iro n .

M r . N orthcott re p lie d  th a t ,  as a m a t te r  of 
fa c t, he  d id  n o t know . (L a u g h te r .)  I t  w as sold 
as a refined iro n  by a  com pany  w hich called 
its e lf  a  re fin in g  com pany . H e  h a d  seen some o f i t  
m ade, an d  he  supposed  th a t ,  to  a c e r ta in  e x te n t, 
i t  w as refined . I n  re p ly  to  fu r th e r  qu estio n s by 
M r. Y oung  an d  by M r. H . F ie ld , M r. N o r th c o tt  
sa id  he  d id  n o t know  w h e th e r i t  w as cold b las t, 
b u t agreed  t h a t  i t  w as a  cupola-m elted  iro n .

M r . Young : T hen  i t  is a cas t iron  ?
M r . N orthcott a g ree d  t h a t  i t  was. C o n tin u 

ing, M r. N o r th c o tt  re fe r re d  to  M r. Y ou n g ’s 
rem ark s  as to  T ab les I I  an d  I I I ,  a n d  sa id  he  was 
a f ra id  M r. Y oung could n o t  h av e  a p p re c ia te d  th e  
figures. H e  (M r. N o r th c o tt)  w as do ing  resea rch  
w ork, an d  i t  was h is  p lea su re  to  find o u t  th in g s  
w hich, as y e t, w ere n o t know n. I t  was useless 
w ork ing  on  th in g s  t h a t  w ere know n. T he figures 
in  T ables I I  an d  I I I  w ere  h is  figures, a n d  th e  
analyses w ere done by h im self, an d , even if  M r. 
Y oung d id  n o t ' th in k  th e  tw o tab le s  w ere of any  
use,, h e  m ig h t o r  m ig h t n o t th in k  t h a t  Table IV , 
which was a  co m b in a tio n  of th o se  two, was of some 
use. W h e th e r t h a t  was so o r n o t, he  d id  n o t 
know , b u t  he  hoped th a t  several o th e r  m em bers
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w ould ta k e  som e in te re s t  in  th e  re su lts  g iv en  in 
T ab le  IV  a n d  in  G ra p h  I I .

Brinell Hardness and Graphite.
M r . A . M a r k s  sa id  th o se  who- h a d  c a r r ie d  o u t  

re sea rch  w ork  on  a  la rg e -sc a le  knew  t h a t  th e i r  
re su lts  d id  n o t a lw ays co inc ide  w ith  th o se  o b ta in e d  
from  w ork on  sm all specim ens. On th e  o th e r  
h an d , e fforts to  ex am in e  th e  q u estio n  u n d e r  some
w h a t d iffe re n t c o n d itio n s  w ere  a lw ays to  be  
considered  w ith  in te re s t ,  a n d  i t  w as fo r  th o se  w ith  
m ore ex p erience  o f w ork on a p ra c t ic a l  sca le  to  g iv e  
w orkers such as M r. N o r th c o tt  ev ery  a ss is tan ce  
th e y  could to  ap p ly  th e  re su lts  to  p ra c tic e . T h ere  
w ere  one o r  tw o s ta te m e n ts  in  co n n ection  w ith  th e  
P a p e r  t h a t  those who h a d  ex p erien ce  of w ork  on  
a la rg e r  scale knew  w ere n o t q u ite  co rre c t. F o r  
in s tan ce , th e  re la tio n  of B rin e ll h a rd n e ss  to  th e  
g ra p h ite  c o n te n t. I f  M r. N o r th c o tt  w ould 
t ry  e x p erim en ts  w ith  3 o r  4 to n s  o f c a s t 
iron  u n d e r  v a rio u s  co n d itio n s h e  w ould find  th a t  
he  could g e t a  B rin e ll h a rd n e ss  f ig u re  w hich  w as 
h ig h er in  a  ca s tin g  w ith  a  h ig h e r  g ra p h it ic  con
te n t  th a n  he  could w ith  a  c a s tin g  w ith  a  low 
g ra p h itic  c o n te n t. O ne w ould a n tic ip a te ,  f ro m  
o rd in a ry  ex p erim e n ts , t h a t  w ith  iro n  w ith  a  h ig h  
com bined carb o n  c o n te n t  one w ould h a v e  a  h ig h  
B rin e ll figure, b u t  i t  w as possib le  to  g e t  a n  iro n  
w ith  a low com bined ca rb o n  c o n te n t  w ith  a h ig h e r  
B rinell figure, so th a t  th e  a u th o r ’s conclusions, 
w hilst q u ite  easily  t r u e  w hen  w o rk in g  w ith  sm all 
specim ens, a re  n o t  ap p licab le  g e n era lly .

Free Graphite and Molten Cast Iron.

W ith  re g a rd  to  free  g ra p h ite ,  th is  w as g e n era lly  
spoken of by sc ien tific  m en  as n o t  e x is tin g  in  
m olten  cas t iro n , b u t  i t  s t i ll  h a d  to  be  e x p la in ed  
why th e  p ra c t ic a l  m an  could w a lk  ro u n d  th e  
fo u n d ry  an d  w a tch  a  c a s tin g  p o u re d , n o tin g  
th e  b reak  of th e  m e ta l, a n d  know  w h e th e r 
th e  c a s tin g  would be h a rd  o r  so ft. T h e  
sc ien tific  know ledge of som e very  cap ab le  fo rem en  
whom he  h a d  m e t was re m a rk ab le , a n d  one could  
n o t help  b u t  call i t  sc ientific  know ledge. W ith o u t  
an y  la b o ra to ry  know ledge of e s t im a tin g  h is 
g ra p h ite , th e  fo rem an  could say, sim ply  by  sk im 
m in g  th e  lad le , w h a t k in d  o f iro n  h e  h a d . H e
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took  sk im m ings off th e  to p  an d  a sc e r ta in e d  th e  
g ra p h ite  c o n te n t of i t ,  a n d  fo u n d  t h a t  th e  
g ra p h ite  c o n te n t was a n  a c c u ra te  g u id e  to  th e  
softness o r  h a rd n ess  of th e  iro n . T h e re fo re , w h ilst 
i t  is h e ld  t h a t  free  g ra p h ite  d id  n o t  ex is t 
in  m olten  m eta l, i t  m u s t be recogn ised  t h a t  h e re  
w as a  p ra c tic a l te s t  in  ev ery d ay  use, w here  th e  
g ra p h ite  c o n te n t w as an  in d ic a tio n  of th e  co n d i
tio n  o f th e  re su ltin g  cold m eta l. W ith  re g a rd  to  
th e  d iag ram s in  th e  P a p e r , M r. M a rk s  w arn ed  
M r. N o r th c o tt  t h a t  m ost o f th e  d iag ra m s w hich 
h a d  been  pub lish ed  in  co n n ection  w ith  m eta ls  w ere 
th e  re su lt  of te s ts  m ade  on  v ery  sm all specim ens, 
a n d  th e y  w ere  v ery  m islead ing .

M r .  N o r t h c o t t  th a n k e d  M r. M a rk s  fo r  h is k in d  
rem ark s , an d  a g re e d  to  a  la rg e  e x te n t  as to  th e  
sc ien tific  know ledge o f th e  p ra c t ic a l  m an . T here  
w as no  d o u b t t h a t  fo u n d ry m en  g en era lly  could  te ll 
th e  co n d itio n  of irons, b u t  th e re  w as no  d o u b t also 
t h a t  th e re  was a  th e o re tic a l a n d  sc ien tific  e x p la n a 
tio n  fo r  i t .  W ith  re g a rd  to  th e  so f t  m e ta l, and  
th e  in fo rm a tio n  o b ta in e d  fro m  sk im m in g  a lad le , 
he believed th a t  m ig h t h e  d ue  to  th e  fo rm a tio n  of 
k ish . K ish , g en era lly , w as n o t fo rm ed  ex cep t in  
h igh -carbon  irons, a n d  th o se  iro n s  g en era lly  h ad  
a  co n siderab le  am o u n t o f g r a p h i t e ; consequen tly— 
th o u g h  n o t necessarily— th e y  w ere so f te r  irons.

M r. A. Ca m pio n , F .I .C . ,  sa id  h e  h a d  o n ly  one 
su g g estio n  to  m ake w ith  re g a rd  to  th is  v ery  v a lu 
ab le  P a p e r . F o r  a  long tim e  h e  liad  th o u g h t th a t  
insufficien t a t te n tio n  w as g iven  to  th e  size and  
fo rm a tio n  o f g ra p h ite . T h e re  w as o n ly  one p a r 
t ic u la r  iro n  d e a l t  w ith  in  th e  P a p e r , a n d  to  say 
th a t  th e  e q u ilib riu m  co n d itio n s w ere  a t ta in e d  a t  
2 o r  2.2 p e r  cen t, g ra p h ite  d id  n o t  convey very  
m uch. I t  would be b e t te r  if  a f te r  e x am in a tio n  of 
m any  irons th ey  could w ork  to  som e d e fin ite  ra tio  
to  th e  to ta l  c a rb o n ; fo r in stan ce , if  th ey  sa id  t h a t  
when a  c e r ta in  p e rce n ta g e  o f th e  to ta l  carbon  was 
in  th e  g ra p h it ic  co n d itio n , eq u ilib riu m  cond itions 
w ere o b ta in ed , i t  would b e  b e tte r .

M r . N o r t h c o t t  s a id  i t  w a s  im p o s s ib le  t o  g e t  o u t  
t h e  fo rm u la e  f o r  a n y  i r o n .

M r . C am pion p o in te d  o u t  t h a t  n o th in g  was 
im possible.

M r . . N o r t h c o t t  r e p l i e d  t h a t  p e r h a p s  i t  w a s  
p o s s ib le ,  b u t  t h e  v a lu e s  w o u ld  b e  q u i t e  u s e le s s .  
The v a lu e s  o b t a i n e d  f o r  t h e  i r o n  h e  h a d  u s e d
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w e re  to  a  v e r y  l a r g e  e x t e n t  a p p r o x i m a t e l y  t h e  
s a m e  f o r  a n y  i r o n s ,  a n d ,  e v e n  i f  t h e y  w e r e  g o in g  t o  
v a r y  t h e  t o t a l  c a r b o n  i n  a n y  i r o n ,  h e  b e l ie v e d  i t  
w a s  t r u e  t o  s a y  t h e y  w o u ld  n o t  a l t e r  t h e  c o m b in e d  
c a r b o n  c o n t e n t  a t  e q u i l i b r i u m  t e m p e r a t u r e .

M r. E . L o n g d e n , r e f e r r i n g  t o  s t a t e m e n t s  “ fi* 0 
to  t h e  e f f e c t  t h a t  g r a p h i t e  w a s  f o r m e d  a f t e r  s o l id i 
f i c a t io n ,  s a i d  t h a t  i f  t h a t  w e r e  so , w h y  d i d  o n e  g e t  
a  l e s s e r  s h r i n k a g e  i n  g r e y  i r o n s  a s  c o m p a r e d  w i t h  
w h i t e  i r o n s ?

M r . N o r t h c o t t  r e p l i e d  t h a t  w h i t e  i r o n s  c o n 
t a i n e d  a  c o n s id e r a b l e  a m o u n t  o f  t h e i r  c a r b o n  i n  
t h e  c o m b in e d  s t a t e ,  a n d  i t  w a s  p r e s e n t  a s  F e 3L  
( i r o n  c a r b i d e ) . T h a t  h a d  a  d e f i n i t e  s h r i n k a g e  
v a lu e ,  j u s t  a s  a l l  s u b s t a n c e s  h a d .  I n  g r e y  i ro n , 
h o w e v e r ,  o n e  m o le c u le  o f  c a r b i d e  b r o k e  u p  in to  
t h r e e  o f  i r o n  a n d  o n e  o f  c a r b o n  ( 3 F e  +  C ). I t  
w a s  t h e  e x p a n s i o n  d u e  to  t h a t  r e a c t i o n  w h ic h  p r e 
v e n te d  g r e y  i r o n s  f r o m  c o n t r a c t i n g  v e r y  m u c h .

M r. E . L o n g d e n  a s k e d  w h e t h e r  t h e  p re ssu re  
e x e r t e d  b y  t h e  c o o l in g  e n v e lo p ©  o f  t h e  m e t a l  o n  
t h e  m o l te n  c e n t r e  i n d u c e d  s h r i n k a g e .

M r. N o r t h c o t t  s a id  t h a t  t h e  r e a c t i o n  g e n e r a l l y  
to o k  p la c e  j u s t  f o l l o w in g  t h e  s o l i d i f i c a t i o n  p o i n t  
o f  t h e  m e t a l ,  a n d  s o m e  m e t a l s  a c t u a l l y  e x p a n d e d  
j u s t  a f t e r  t h e  s o l id i f i c a t i o n  p o i n t  w a s  r e a c h e d .  
U s u a l ly ,  h o w e v e r ,  t h e r e  w a s  s h r i n k a g e  a f t e r  t h e  
r e a c t i o n  h a d  t a k e n  p la c e .
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ECONOMICAL MELTING WITH CUPOLAS.

By H. Van Aarst (Holland).

T he dem an d  fo r fu e l is w orldw ide. I n  conse
quence of th e  w orld  w ar, followed by s tr ik e s  an d  
o th e r  tro u b les , th e  p ro d u c tio n  o f coal an d  coke has 
m a te ria lly  decreased . T h e  restlessness all over 
th e  w orld  induces gloom y view s fo r  th e  fu tu re ,  
a n d  th e  re g u la r  su p p ly  of fu e l is s till  by no m eans 
g u a ra n te e d . T here fo re , econom y in fuel is essen
t ia l .  T h is  is well know n, b u t  th e  p rin c ip les  of its  
econom ical use a re  b u t  l i t t le  a p p re c ia te d .

As a  la rg e  q u a n ti ty  of fuel is needed  fo r 
fo u n d ry  w ork, th is  P a p e r  is ad dressed  m ore p a r t i 
c u la rly  to  fo u n d ry  m an ag ers  an d  those  connected  
w ith  fo u ndries .

“ Few  stro k es fell g r e a t  oaks ”  is a  p roverb  th a t  
is c e r ta in ly  ap p licab le  to  th e  m eltin g  of iron . 
W h a t a re  th ese  s tro k es?  Som e o f th em  m ay be 
e n u m e ra te d  as follow s: —

Insufficien t a ir-su p p ly  causes an  incom plete  com 
bu stio n  of coke, th e  m elted  iro n  becom es du ll and 
is n o t m ixed , c a s tin g s  m ad e  o f th is  m a te ria l  a re  
o ften  w asters .

Excess a ir-su p jily  oxidises th e  iron , as n o t all 
th e  oxygen c an  be com bined w ith  th e  carb o n  of 
th e  coke. T h is  excess of a ir  b u rn s  th e  iron .

Insu ffic ien t lim estone, added  to  th e  fuel an d  th e  
iron , m akes a  th ic k  an d  viscous slag, th e  tu y e re s  
will be m a d e  up , th e  ta p -  a n d  slaig-holes being  
c leaned  on ly  w ith  difficulty.

H ow ever, i t  is a p p a re n t  t h a t  betw een  too m uch 
an d  to o  l i t t le ,  th e  “ co rrec t ” m u st be found . I t  
is in te n d e d  to  deal w ith  these  m a tte rs  in  o rd e r to  
find th e  “ c o rre c t.”

R e fe r r in g  to  F ig . 1, cupola  p ra c tic e  m ay  be 
described as fo llo w s:—H a v in g  a tte n d e d  to  th e  
lin in g  and  in sp ec ted  th e  tu y ere s  (som etim es th e re  
a re  sm all p ieces of slag  or coke found  ly in g  in these  
holes), th e  b o tto m  door No. 11 an d  th e  door of

F
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t h e  r e c e i v e r  ( f o r e  h e a r t h )  c a n  b e  c lo s e d , t h e  s a n d  
b o t t o m  i n  t h e  c u p o la  c a n  b e  m a d e  u p .  A b o u t  tw o  
h o u r s  b e f o r e  t h e  s t a r t i n g  t o  m e l t ,  t h e  c u p o la  m u s t, 
b e  l i g h t e d  b y  w o o d , p e a t  o r  c o k e  l i r e .  W h e n  t h i s  
f i r e  i s  b u r n i n g  w e ll ,  t h e  b e d - c o k e  c a n  b e  a d d e d ,  
d o o r  No. 10 r e m a i n i n g  o p e n  a n d  t h e  b e d - c o k e  
a l lo w e d  t o  b u r n  t h r o u g h  t i l l  t h e  h a l f  o f  t h e  q u a n t i t y  
is  a d d e d .  T he c u p o la  i s  t h u s  w a r m e d  a l l  o v e r  
g ra d u a lly  a n d  th e  lin in g  w ill n o t  c rack  o r  b u rs t .
°  D oor No. 10 can  now be closed, a n d  b low ing  
s ta r te d .  T he a i r  goes th ro u g h  th e  tu y e re s  in to  
th e  cupola , passes th ro u g h  th e  bed a n d  u p  th e  
s ta ck . A q u a n ti ty  o f th e  w arm ed  a ir  passes a lso 
th ro u g h  th e  chan n e l to  th e  rece iv e r, s lag  a n d  ta p  
holes, so t h a t  all p a r ts  of th e  cu p o la  a re  h e a te d  
in tensive ly .

T he h e a ted  cupo la  can  ndw be filled co m ple te ly  
th ro u g h  th e  c h a rg in g  door w ith  coke, iro n  a n d  
lim estone, ad d ed  in  d e fin ite  p ro p o r tio n s  a n d  
q u a n tit ie s . S lag  an d  ta p  holes m u s t  now  be sh u t , 
a f te r  w hich  th e  m e ltin g  process c ta r ts .

M elted  iro n  a n d  s la g  d r ip  th ro u g h  th e  coke, fa ll  
u p o n  th e  san d  b o tto m  of th e  cu po la , a n d  ru n  
th ro u g h  th e  ch an n e l in to  th e  rece iv e r. T he fu r -  
n acem an  h as to  ex erc ise  c a re  so t h a t  th e  flu id  
m a te ria l— iro n  an d  slag— does n o t  r ise  to o  h ig h  in  
th e  rece iver. H e  m u s t t a p  off b e fo re  th e  m a te r ia l  
can  a p p ro ach  th e  peephole. W h en  th e  m e ltin g  is 
finished, th e  door of th e  re ce iv e r m u s t be opened  
so t h a t  th e  re m a in in g  s lag  c an  r u n  off.

T he b o tto m  door of th e  cupo la  m u^t also be 
ta k e n  aw ay to  p re v e n t th e  re s t  of th e  s lag  a n d  
coke re m a in in g  in  th e  fu rn ac e . A f te r  th is  re sum e 
of th e  m e ltin g  process, w hich  is kn o w n  to  a ll 
fou n d ers , i t  is p roposed  to  d iscuss th e  d iffe re n t 
fa c to rs  w hich  m ay  in flu en ce  i t .

The Influence of Iron on Fuel Economy.
H a r d  iro n , w ith  a  low p e rc e n ta g e  o f S i a n d  

M n, h a s a  h ig h e r  fu s in g  p o in t th a n  so f t  iro n . I t  
req u ire s  a  h ig h e r  te m p e ra tu re  to  m elt i t .  L a rg e  
p ieces o f iro n  a re  m ore  difficult to  m e lt  th a n  sm all 
pieces. I ro n  covered  w ith  sa n d  w ill m e lt  less 
easily  th a n  c lean  iron . M oreover, th e  re q u ire d  
te m p e ra tu re  o f  th e  m eta l will d ep en d  upon  th e  
sizes o f th e  c a s tin g s  to  be  m ade . T h in  cas tin g s, 
fo r  in s tan c e , n eed  a n  iro n  of h ig h e r  te m p e ra tu re
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F i g . 1 .— S e c t io n  o f  C u p o l a .
A, F illing  sh a ft;  B, H eating zon e; C, M eltingl zo n e ; 
1, Air in le t;  2, Wind b e lt;  3, T uyeres; 4, Cooling 
tubes ; 5, Peep holes ; 6, Slag notch ; 7, V alve ;
8, D oor in receiver; 9, Shutter; 10, Side door; 11, B ottom  
floor; 12, Cover on wind b e lt;  13, Tapping spou t;  

14, Brickwork.
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t h a n  heav y  ones. T h e  t r a n s p o r t  o f th e  liq u id  iro n
i n  t h e  f o u n d r y  m u s t  a ls o  b e  t a k e n  i n t o
co n sid e ra tio n  ,

I n  th e  f irs t in s tan ce , th e  fo u n d ry m a n  m u st ta x e  
in to  co n sid e ra tio n  fo r  w h a t  p u rp o se  th e  m elted  
iro n  is  to  b e  used , a f te r  w hich  th e  q u a n ti ty  or 
coke m u s t be  d e te rm in e d .

T he d iffe re n t te m p e ra tu re s  a re  a p p ro x im a te ly  
as fo llo w s:— Cold iro n , 1,200 deg. C . ; w arm  iro n , 
1,260 deg. O . ; h o t iro n , 1,320 deg. C. ; v e ry  h o t • 
iron , 1,380 deg. C . ; e x tra o rd in a r i ly  h o t  iro n , 
1,450 deg. C.

Coke Considerations.
Now th e  q u a n ti ty  o f coke m u s t be d e te rm in e d . 

Good coke is h a rd  a n d  coarse , a n d  co n sis ts  of 
84 p e r  cen t 0 , 10 p e r  c e n t, ash , 1 p e r  cen t. S, a n d  
5 p e r  cen t, w a te r. B ad  coke is po ro u s, a n d  th e  
specific g ra v ity  is lo w ; also i t  h a s  a  h ig h e r  p e r 
cen tag e  of ash  a n d  su lp h u r.

The com bustion  o f coke can  ta k e  p lace  in  tw o 
w ays. W hen th e re  is m uch  a ir ,  a n d  th e re fo re  
m uch oxygen , one p a r t  o f  c a rb o n  com bines w ith  
tw o p a r ts  of oxygen  (C +  0 2 =  C 0 2).

F ro m  th is  com bustion  c a rb o n  d io x id e  is  p ro d u c ed  
w ith  th e  evo lu tio n  of 8080 calo ries. I f  th e r e  i6 
too l i t t le  a ir  a n d  to o  l i t t l e  o x y gen , 1  o f o x y g en  
com bines w ith  1 o f ca rb o n  (C +  O =  OO ), p ro 
d u c in g  carbon  m onoxide w ith  an  ev o lu tio n  o f 2,473 
calo ries, .or on ly  one-th iird  o f th e  ca lo rie s  developed  
by fu ll co m b u stio n ._ T hus, i t  is of th e  u tm o s t 
im p o rta n ce  to  f u r th e r  th e  fo rm a tio n  of 0 0 2 as 
m uch a s  possible-.

I t  is easy  to  e n u n c ia te  th e  p la t i tu d e ,  “  T ak e  
c a re  to  have  su ffic ien t a ir -s u p p ly .”  H ow ev er, 
th is  is n o t  so easy  as i t  seem s to  ibe, as 0 0 2 c a n n o t  
ex is t a t  an y  te m p e ra tu re .  T h e  escap in g  gases of 
th e  cupola  chiefly  co n sist o f n i tro g e n , c a rb o n  
d ioxide, an d  carb o n  m onoxide. N e g lec tin g  th e  
n itro g en  a n d  co n sid erin g  on ly  t h e  c a rb o n  d io x id e  
a n d  m onoxide, i t  is know n t h a t  b o th  can  e x is t  u p  
to  400 deg. 0 .  T h e  h ig h e r  t h e  t e m p e ra tu r e  
becomes, th e  less carb o n  d io x id e  w ill be  fo rm ed . 
T h is c o n tin u es  u p  to  1,000 deg. C ., a t  w hich  te m 
p e ra tu re  th e y  c a n n o t e x is t a t  all.

T h ere  a re , how ever, tw o op p o site  f a c to rs :  (1 ) 
T he coke, re q u ir in g  a  la rg e  a ir-su p p ly , in  o rd e r  to  
a ssu re  th e  g re a te s t  possib le u se fu l e ffic iency ; an d
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(2) th e  p e c u lia r ity  of th e  ca rb o n  d iox ide  to  d is
soc ia te  a t  a  te m p e ra tu re  above 400 deg. C.

The Influence of the Mechanical Properties of Coke.

H al'd , coarse  coke im poses m o re  re s is tan ce  to  
th e  p re ssu re  o f th e  u p p e r  lay e rs o f iro n , coke and

F i g . 1 a .

F i g . 1 b .

lim estone th a n  po rous coke. M ore sp ace  w ill be 
occupied  by  th e  la t te r .  W ith  coarse  coke th e re  
can  pass m ore  oxygen  th a n  w ith  po ro u s coke, an d  
less su rfa ce  of cart>on is also exposed to  th e  p ass
ing  oxygen. T h e  C 0 2 co m b in a tio n , to  be asso
c ia ted  w ith  good m eltin g  process, w ill assum e i ts  
co rrec t positio n , ju s t  as is re q u ire d . P o ro u s coke 
will give th e  o p p o site  re su lt, as th e  oxygen  in  pass
in g  m eets a  la rg e  su rfa c e  of carbon , g iv in g  a com
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b in a tio n  o f CO as a re su lt.  T h is  uses m o r e  carbon  
w ith  th e  sam e q u a n ti ty  o f  o x y g e n ; ad d itio n a lly , 
bo th  m ore  oxygen  a n d  coke a re  re q u ire d .

I n  m an y  fo u n d rie s  i t  is u su a l to  m ak e  ch arg es 
o f 5 cw t. I t  is  b e t te r  to  use  10 cw t. _ T h e  l a t t e r  
q u a n ti ty  of coke fo r  each  c h a rg e  will g ive  a  b e tte r  
re su lt  w hen u s in g  h a rd  coke. I t  w ill 6ta n d  p re s 
su re  an d  f r ic t io n  in  th e  c u p o la  b e tte r ,  a n d  fa c i l i 
t a t e  th e  d e sc en t o f  t h e  m a te r ia l.  T he p u lv e r isa -  
tio n  w ill n o t  be  so g re a t .  T h e  q u a n ti ty  of coke 
n eeded  in  a  w ell-conducted  fu rn a c e  v a rie s  be tw een  
8 to  10  p e r  c en t, o f  th e  q u a n ti ty  o f iro n  t o  be 
m elted . I t  m u s t be  u n d e rs to o d  t h a t  th is  p e r 
c en tag e  also d e p en d s  u p o n  th e  q u a li ty  o f iro n  a n d  
coke used.

A n im p o r ta n t  fa c to r  w hen m e ltin g  is th e  q u a li ty  
of lim estone. T h e  lim esto n e  se rv es  to  m a k e  s lag  
o f th e  ash  o f th e  coke a n d  to  d e su lp h u ris e  th e  
iro n  a n d  coke. T h e  s la g  m ay  b e  e i th e r  a  t h in  flu id  
o r  a  th ic k  sy ru p . L iq u id  s lag  p ro v e s  t h a t  suffi
c ie n t  lim esto n e  h a s  been  u sed . A th ic k  o n e  in d i 
ca tes  th e  ireverse. A th ic k , v iscous s la g  m ay  be 
d isad v an tag eo u s , b ecau se  th e  to u g h e r  th e  s lag  th e  
eas ie r  i t  fa s te n s  its e lf  n e a r  th e  tu y e re s  o r  in to  th e  
ch an n e l o f  th e  rece iv e r, in  w h ich  case  t h e  m e ltin g  
process w ill be  d is tu rb e d .

T h is  ty p e  o f s la g  is v e ry  d ifficu lt t o  rem o v e  fro m  
th e  cu p o la  a n d  re ce iv e r, so t h a t — w hen  c le a n in g  
th e  lin in g — th e  fireb rick s w ill be  d a m a g ed  severe ly .

T h e  th in ,  f lu id  s la g  is  o f g r e a t  im p o r ta n c e  fo r  
th e  re fin in g  o f th e  m e lted  iro n . T h e  m o lte n  iro n  
loses som e of i ts  su lp h u r  e x is tin g , chiefly  rich  
su lp h u r-m an g a n ese  alloys, w h ich  a re  l ig h te r  th a n  
m o lten  iro n  an d  r ise  to  th e  su rfa c e . A flu id  slag  
w ill t a k e  u p  th e se  im p u rit ie s , a n d  th e  m o re  fluid 
i t  is th e  b e t te r  w ill i t  do so.

I t  is w o rth  reco m m en d in g  to  t a p  th e  s lag  o f te n , 
in  o rd e r  to  p re v e n t  th e  s lag  fro m  c lin g in g  to  th e  
lin in g  a n d  to  keep  th e  s la g  f lu id  a n d  fre sh . T h e  
c o rre c t co lou r fo r  cold s lag  is  g lit te r in g -b la c k  an d  
v e ry  b r i t t le .  I f  i t  is  dead -b lack , h a rd ,  a n d  con
ta in s  iro n , th e r e  is  so m eth in g  w ro n g  w ith  th e  
m e ltin g  p ro c e s s . , V e ry  o f te n  th e  f r a c tu r e  o f  th e  
slag  is yellow -green.

T he q u a n ti ty  o f lim esto n e  n ecessary  w hen  m elt
in g  d epends u p o n  (1 ) th e  q u a lity  of coke, (2) th e  
k in d  o f iro n  to  b e  m elted , a n d  (3) th e  l in in g  of 
th e  cupola,
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G enerally  sp e ak in g , o ne  m ay  use  25 to  30 p e r 
cen t, lim estone of th e  q u a n ti ty  o f th e  m eltin g  
coke.

Air Supply.
Coke, lim estone, a n d  a ir-su p p ly  fo rm  a  tr ip le  

a lliance, com p le tin g  o ne  a n o th e r  d u r in g  th e  m elt
ing  process. W ith  a n  o pen  fire  w ith  n a tu r a l  
d ra u g h t, th e  a ir  supp ly  c o n s ta n tly  re g u la te s  
itse lf w ith  incom plete  com bustion . T his is by no 
m eans th e  case w hen iro n  is m elted  w ith  fo rced  
d ra u g h t.

I t  is well know n how necessary  i t  is to  use an  
e x a c t q u a n ti ty  of a ir  in  o rd e r to  o b ta in  th e  m ost 
econom ical re su lt  of a  good com bustion . Insuffi
c ie n t a ir-su p p ly  gives an  im p e rfec t com bustion  of 
coke. On th e  o th e r  h a n d , excessive a ir-su p p ly  
ox id ises th e  iro n  a n d  causes m eta llic  losses. 
W ith  an  acce le ra ted  a ir  su p p ly , th e  gases leav in g  
th e  cupola  h av e  too  h ig h  a  te m p e r a tu r e ; th is  
is also a  d isa d v an tag e . A p e rfe c t com bustion  of 
th e  coke h a s  p ra c tic a lly  been  fo u n d  by u s in g  8 to  
10 cub. m e tres  of a ir  fo r 1 k ilo  of iro n .

To ca lcu la te  th e  a m o u n t o f a ir  used in  th e  
cupola, i t  is necessary  to  know  th e  speed a n d  th e  
p re ssu re  o f  th e  a ir-su p p ly . T he speed can  be 
con tro lled  by u sin g  a P i to t  tu b e  (F ig . 2), which 
is p laced , filled w ith  w a te r , as n e a r  th e  tu y e re s  
as possible. T he d ifference h in  b o th  p ip es is 
also th e  len g th  of th e  a ir  colum n. I f  th is  h is 
12 m m ., th is  m eans 1.2 g r . /c m 2. O ne cub. m e tre  
of a ir  w eighs a t  0 deg. C. (760 cm. b a ro m e tric  
p ressu re) 1.293 kilos. A ssum ing t h a t  th e  te m 
p e ra tu re  o f th e  p assin g  a ir  is 15 deg. C ., and  
n eg lec tin g  th e  position  o f th e  b a ro m e te r, 1 cub. 
m e tre  of a ir  w eighs 1.2  kilos or 1 cub . decim etre  
1.2 g ram m e. On a  base  o f 1 cm ’ th e  h e ig h t  of 
th e  a ir-co lum n o f 1.2  g ram m e becom es 1,000 cm. 
o r  10 m etres . C onsequently  th e  len g th  o f th e  
a ir-co lum n, co rresp o n d in g  w ith  a w ater-co lum n of 
12 m m ., is 10 m etres .

T he f u r th e r  ca lcu la tio n  is as fo llo w s: W hen  an 
o b jec t is fa llin g  from  a h e ig h t  o f  h , i t  is well 
know n t h a t  th e  acce le ra tio n  is 9.81 m e tre s  every 
second. The speed upon  th e  g ro u n d  is fo u n d  by 
th e  fo rm u la  V ' — V ;2gh.

In s te a d  o f a solid body, fo u n d ry m en  have  to  
deal w ith  a ir , which gives th e  fo llow ing re su lt 
when fa ll in g :  —
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S p eed  V ' =  V '2gh  = V '2  x 9.81 x  10 =  V'196 
=  14 m e tre s  p e r  second.

B y m u ltip ly in g  14 m e tre s  p e r  sec. by th e  sec
t io n  o f th e  tu b e , th e  n u m b e r  o f  cub ic  m e tre s  or 
a i r  p e r  second is  fo u n d .

I n s te a d  o f th e  P i to t  tu b e , th e re  a re  also se lt- 
r e g is te r in g  m e tre s . T h ey  w ork  on  th e  sam e P rl1*" 
c ip le . O ne a d v a n ta g e  is  t h a t  th e y  in d ic a te  a ll 
flu c tu a tio n s  o f th e  m e ltin g  process a n d  c o n tro l 
th e  ac tio n s o f th e  fu rn ac e m a n .

Cupola Linings.
F ig . 1 shows th e  c o n s tru c tio n  to  be d iv id e d  

in to  th re e  m ain  p a r ts —c h a rg in g  s h a f t ,  h e a t in g  
zone, a n d  m e ltin g  zone. T h e  b o tto m  o f th e  
c h a rg in g  ch an n e l is so m ew h at e n la rg e d  in  o rd e r  
to  p re v e n t  th e  w ell-know n d ifficu lty  o f  “ h a n g 
in g  ’ ’ o f th e  m a te r ia l  w hich  o f te n  o ccu rs  in  
o rd in a ry  cupolas. T h a t  th is  h a n g in g  c au ses  diffi
c u ltie s  an d  bad  m e ltin g  re s u lts  n e ed s  n o  e x p la n a 
tio n . W h erev er th e  l in in g  h a s  b u r n t  a w ay  i t  
is necessa ry  to  re b u ild  i t  as soon a s  possib le  to  
p re v e n t th is  o c cu rrin g . T he e sc ap in g  g ases w ill 
also be m ore  f re e  to  leav e  th e  c u p o la  ch im n ey . 
T he h e a t in g  zone h as a  la rg e r  d ia m e te r  th a n  th e  
u p p e r  p a r t  fo r  tw o r e a s o n s : (1) E a c h  t im e  th e  
ch arg es fa ll  on  th e  e n la rg e d  coke b ed  th e  escap- 
in g  gases a re  n o t  o b s tru c te d  a n d  m e e t  less o p p o si
t io n , a n d  (2) above th e  m e lt in g  zone  th e r e  is  a 
lower te m p e ra tu re  w ith  th is  c o n s tru c tio n  th a n  
w ith  a  s tra ig h t- l in e d  cu p o la . T h e  fo rm a tio n  o f 
carb o n  d io x id e  is  p ro m o te d , th e  h e a t  is b e t t e r  
u tilise d .

T h e  m eltin g  zone is th e  p a r t  fo r  th e  m e lt in g  
process. H e re  th e  iro n  is m e lted  a n d  ev ery  
obstac le  w hich  can  ta k e  p lace  b e fo re  e n te r in g  th is  
p a r t  o f th e  fu rn a c e  is  rem oved . H e re  th e  coke 
bu rn s, th e  iro n  m elts, a n d  slags a re  fo rm ed . 
T h ere  is a  c o n tin u a l m o v em en t th e re ,  th e  h e a te d  
g ases g o in g  u p w ard s  to  th e  ch im n ey , th e  m e lte d  
iro n  r u n n in g  dow n to  th e  b o tto m  a n d  re c e iv e r . T h e  
slag  ru n s  slowly to  th e  b o tto m , o f te n  g iv in g  th e  
fu rn ac e m a n  g r e a t  tro u b le , especially  w hen i t  
ad h ere s  to  th e  tu y e re s , o b s tru c tin g  th e m  o r  th e  
c h an n e l to  th e  rece iv e r.

To p re v e n t  th e se  d ifficulties, E ig . 1  show s how  
th e  tu y e re s  a re  b u ilt  in to  th e  l in in g . T h e  s lag  
c an  pass th e se  holes w ith o u t  c au s in g  an y  tro u b le .



F o u n d r y m e n  m u s t  h e  s u r e  t h a t - n n  t h e  s id e  o f  
t h e  r e c e i v e r  n o  d i f f ic u l t ie s  a r i s e  f r o m  s la g  a d h e r i n g  
t o - t h e  t u y e r e .  T h i s  c a n n o t  a lw a y s  b e  a s c e r t a i n e d  
f r o m  t h e  o p p o s i t e  s id e  o f  t h e  t u y e r e ,  a s  t h e  c o k e  
ly in g  n e a r  w ill  b e  s o o n  c h i l le d  h y  t h e  b l a s t .  T h e  
d r i p p i n g  s la g  w ill  co o l t h e r e ,  a n d  g r a d u a l l y  t h e  
t u y e r e  w ill b e  f il le d  w i th  s l a g  a n d  u n b u r n t  c o k e .

To p re v en t th is  difficulty th e  e n te r in g  a ir  m u st 
be d iv ided  a s  shown in  F ig . 3 b (F ig . 3 a shows th e  
w rong m ethod). T he coke ly in g  in  f ro n t  of th is  
hole will also b u rn  m uch b e tte r .  T hus th e re  is a 
re g u la r  a i r  supp ly , which is o f th e  g re a te s t  im p o rt
ance  to  a  good m eltin g  process.

Successively th e  a u th o r  h a s  discussed th e  d if 
fe re n t  fa c to rs  in flu en cin g  th e  m e ltin g  process. 
Now h e  w ishes to  d raw  a t te n tio n  moire especially  
to  th e  escap ing  gases. F o r  th is  p u rp o se  i t  is 
necessary  to  go on th e  p la tfo rm  an d  in sp ec t th e  
gases p assin g  u p  th e  cu p o la  in to  th e  ch im ney . 
Som etim es th ese  gases a re  w hite, t r a n s p a r e n t  blue, 
and  som etim es th ey  a re  inv isib le . Som etim es 
th e re  is d irec tly  upon  th e  to p  of a  c h arg e  a  yellow- 
rose flam e. T o  th ese  p henom ena i t  is d esirab le  to  
d raw  a tte n tio n , as th ey  a re  th e  e a s ie s t to  co n tro l, 
fo r a f te r  th e  com bustion  process a  sm oky flam e 
in d ica tes th e  incom plete  com bustion . W h ite - 
coloured flam es a t  th e  c h a rg in g  door d u r in g  th e



138

m eltin g  process m ean s in co m p le te  com bustion . These 
gases a r ise  fro m  to o  l i t t le  a i r  su p p ly , m ore  a ir  
b e in g  re q u ire d . I f  th e  gases a re  in v is ib le  i t  m ay  De 
t h a t  th e re  i s  p e r fe c t  co m b u stio n . H ow ever, c a re  
is  e sse n tia l. I f  th e  liq u id  iro n  is  co ld  in c rease  th e  
a ir  a n d  coke su p p ly . I f  possib le  t r y  to  re g u la te  
th e  com b u stio n  in  such  a  w ay as to  o b ta in  a  t r a n s 
p a r e n t  lig h t-b lu e  co lou red  flam e a t  th e  c h a rg in g  
door. T h e  fu e l co n su m p tio n  is b u t  a  l i t t le  h ig h e r , 
b u t  th e n  o n e  c a n  be  m o re  c e r ta in  of a  r e g u la r  
m e ltin g  process, an d  in  cases o f b re ak d o w n  th e  
m e ta l can  s ta n d  a  l i t t l e  tim e . A yellow ish-rose

F i g . 3 a .— W r o n g  M e t h o d . F i g . 3 b .— C o r r e c t  
M e t h o d  o f  I n t r o d u c in g  A i r .

flam e shows t h a t  th e  te m p e ra tu r e  above th e  m e lt
in g  zone is too h ig h , an d  a co n sid e ra b le  loss o f  h e a t  
is th e  re su lt.

T he o b jec t o f th is  P a p e r  h a s  been  to  show how 
to  be econom ical w ith  fu e l in  th e  c u p o la , a n d  to  
m ak e  i t  u n d e rs to o d  how  m u ch  th e r e  is  to  be  d one  
in  th is  re sp ec t.

T h e  iron  to  be m elted  d e te rm in e s  th e  q u a n t i ty  of 
coke, th e  coke d e te rm in e s  th e  a ir  a n d  lim esto n e  
su p p lies , w h ils t  th e  lim esto n e  in flu en ces  t h e  com 
b u stio n . T h e  h e ig h t  of th e  c u p o la  is  s t i l l  a n o th e r  
fa c to r.

T o  save coke o n e  h a s  f irs t  to  know  w h a t  h a p p e n s  
d u rin g  th e  m e ltin g  process. T h e  kno w led g e  of 
th is  su b je c t is  s ti ll  v e ry  in com plete .

I n  th e  E n g lish , A m erican , a n d  G e rm an  l i t e r a 
tu r e  on  th is  su b je c t  one finds d if fe re n t le c tu re s , 
m ore o r less sc ien tific , d e riv ed  fro m  e x p e r im e n ts  by 
m any  fo u n d ry  en g in eers  in  o rd e r  to  com e to  n 
m ore  econom ical fu e l co n su m p tio n , less loss o f iro n  
o r  to  find p o in te rs  fo r  the. d ifference  b e tw een  iro n  
w hich is o r  h a s  to  be  m elted .
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F o r p ra c tic a l fo u n d ry m en  i t  is th o u g h t t h a t  th is  
P a p e r  will he suffic ient fo r th e ir  own p ra c tic e , as 
i t  is ta k e n  an d  b u ilt  u p  from  e x p e rim e n ts  m ade 
by th e  a u th o r . I t  is hoped  t h a t  th is  a r tic le  m ay 
a n im a te  m any  fo u n d ry  w orkers to  im prove  th e ir  
own m ethods. I f  th ese  ex p e rim e n ts  a re  ta k e n  c a re 
fu lly  a n d  seriously , a n d  if one does n o t m in d  
m ee tin g  a n d  oveffcoming difficulties, one is su re  
t h a t  b e t te r  re su lts  w ill be  o b ta in e d . T he fu e l con
su m p tio n  will decrease  g ra d u a lly , th e  iro n  will be 
m elted  m ore re g u la r ly , a n d  th e  re p a ir  o f th e  
cupola  will cost less.

DISCUSSION.
M b . H .  V a n  A a r s t , J u n . (H o llan d ), p re 

sen ted  th e  P a p e r  w hich h a d  been  c o n tr ib u te d  by 
his fa th e r . I n  d o ing  so, he  v ery  m uch r e g re t te d  
th a t  h is f a th e r  h a d  been  p re v e n te d  from  a tte n d in g  
th e  C o n v en tio n  ow ing  to  illness. H e  h a d  been 
ch arg ed  to  p re se n t to  th e  C o n v en tio n  th e  h e a r t ie s t  
g re e tin g s  a n d  b e s t w ishes fro m  D u tc h  fo u n d ry 
m en, who hoped  t h a t  th e  C o n v en tio n  w ould be  as 
successful a n d  v a lu ab le  as th e  I n s t i tu te  its e lf  
hoped  i t  would be. Also, h e  expressed  th e  h ope  
t h a t  m em bers of th e  I n s t i tu te  would find an  op p o r
tu n ity  to  v is it  H o llan d  w hen a fo u n d ry  co n ference  
was be in g  he ld  th e re . H e  w as a sto n ish ed  to  
rea lise  t h a t  E n g lish  fo u n d ry m en  h a d  m ad e  such 
very  g re a t  p ro g ress as th e y  h a d  d u r in g  th e  la s t 
tw elve y ea rs  o r  so. Som e y ears  ago h e  h ad  been 
to  T yneside  in  o rd e r  to  le a rn  how to  m ak e  c a s t
ings, an d  he  w as p leased  to  be ab le  to  say  th a t ,  
w ith  th e  a id  o f th e  E n g lish  people, th e  D u tc h  h a d  
been ab le  to  m ake  good cas tin g s them selves.

■MW****11
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NON-FERROUS ALLOYS IN MARINE ENGINEERING 
WITH SPECIAL REFERENCE TO ADMIRALTY 
GUNMETAL, MANGANESE BRASS AND WHITE 
METALS.

By A. E. Logan (Member).

INTRODUCTION.
A lth o u g h  th e  in tro d u c tio n  of th e  tu rb in e ,  an d  

m ore recen tly  th e  dev e lo p m en t a n d  in tro d u c tio n  of 
th e  D iesel en g in e , a re  o u ts ta n d in g  e v en ts , p ro g ress 
in  m arin e  e n g in e e rin g  h a s  b een  to  som e e x te n t  a 
p rocess of ev o lu tion . D em an d s for la rg e r  an d  
fa s te r  vessels h av e  been m e t by in c re a ses  in  e n g in e  
size, an d  th e  use  o f h ig h e r  b o ile r p re ssu re s  a n d  
su p e rh ea t. T h is , to g e th e r  w ith  th e  c o n tin u a l 
s tr iv in g  a f te r  w e ig h t re d u c tio n , w ith  i ts  co n seq u en t 
d ecrease  in  sec tion  th ick n ess , h a s  n a tu r a l ly  led  to  
m ore e x ac tin g  w o rk in g  c o n d itio n s  fo r th e  m a te r ia ls  
of co n stru c tio n .

F if te e n  y e a rs  ago, bo ile r p re ssu re s  o f 180 to  
190 lbs. p er sq. in . w ere u su a l, a t  te m p e ra tu re s  o f  
ab o u t 375 deg. F . ,  an d  s u p e rh e a t  w as j u s t  b e in g  
in tro d u c ed  fo r th e  second tim e . I n  p re s e n t  p ra c 
tic e , p re ssu re s  of 220 to  225 lbs. p e r  sq. in . a re  
q u ite  com m on, w ith  250 deg. o r  m ore  s u p e rh e a t ;  
g iv in g  to ta l  s team  te m p e ra tu re s  of 650 deg. F . a n d  
over, a n d  th e  ten d e n cy  is  to  go s ti ll  h ig h e r . O u tw a rd  
a n d  v isib le  ev id en ce  of th is ,  a n d  how  i t  affects th e  
fo u n d ry , is to  be  fo u n d  in  th e  f a c t  t h a t  in c re ased  
dem ands a re  b e in g  m ad e  in  sp ec ifica tio n s , th e  
m ost obvious in s ta n c e  b e in g  th e  r a is in g  o f th e  
A d m ira lty  re q u ire m e n ts ;  i n  th e  case o f  g u n m e ta l.  
from  14 to n s  p e r  sq. in . w ith  7 p e r c e n t ,  e lo n g a tio n , 
to  16 to n s  p e r  sq. in . w ith  8 p e r  c en t, e lo n g a tio n ! 
In  th e  case of m an g an ese  b rass, th e  sp ec ifica tio n  
now d em an d s 33 to n s  p e r  sq. in .,  a n d  15 p e r  c e n t, 
e lo n g a tio n , a n d  fo r  c a s t iro n , 11  to n s  p e r  sq. in .

T h is is u n d o u b ted ly  an  in d ic a tio n  of p ro g ress, 
an d  as such is to  be w elcom ed; especia lly  as i t  
signifies t h a t  th e r e  has alsoj been  p ro g re ss  in 
fo u n d ry  w ork  g en era lly .

T he m oral, how ever, should  also be n o ted .
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W o rk in g  stresses a r e  in c reas in g , a n d  te s t  figures 
a re  being  ra ised , co nsequen tly  w o rk in g  m arg in s a re  
reduced . T he fo u n d ry  m u s t th e re fo re  ta k e  a d v a n 
tag e  of m odern  m eth o d s of efficiency, to g e th e r  
w ith  every  a id  o f science. T he fo u n d ry m an  who 
seeks to  know m ore, c an  lea rn  m uch  from  sim ple, 
p ra c tic a l e x p e rim e n ta l w ork  in  h is own fou n d ry , 
especially  w h ere  a  p y ro m ete r is av a ilab le . I t  is 
im possible to  o v e r-e stim a te  th e  v a lu e  of th e  p y ro 
m ete r w hen used in  th is  m an n e r. I t  is obviously 
im possible to  t r e a t  a ll th e  n o n -ferro u s alloys used 
in  m arin e  en g in eerin g  w ith  any  deg ree  of com plete
ness in  on e  sh o rt p a p e r , co nsequen tly  a t te n t io n  is 
confined to  one o r tw o of th e  alloys in  g en era l u s e ; 
nam ely , A d m ira lty  g u n m e ta l, m an g an ese  b rass, 
and  w h ite -m eta l. I t  is hoped , by  in d ic a tin g  th e  
im p o rtan ce  of s t ru c tu re  from  th e  p ra c tic a l p o in t of 
view , to  he lp  those  who h an d le  th ese  alloys to w ard s 
a c lea re r u n d e rs ta n d in g  of th e ir  n a tu re s , a n d  th e  
reasons fo r  th e  t r e a tm e n t  th ey  req u ire .

Functions of Various Parts and Influence on Choice 
of Alloy.

In  m a rin e  en g in eerin g , th e  p a r ts  d e a lt  w ith  can 
be ro u g h ly  d iv id ed  in to  th re e  sections, exclud ing  
th e  D iesel, to  w hich sec tions 2 an d  3 only apply .

(1) The boilers, w hich a re  th e  source  o f energy .
(2) T h e  en g in e , w hich m ay  be e ith e r  re c ip ro ca t

ing , tu rb in e , o r  D iesel, a n d  w hich  is th e  m eans of 
c o n v ertin g  th e  e n e rg y  in to  w ork.

(3) T he tran sm iss io n , or sh a f tin g  an d  p ropellers 
( in c lu d in g  th e  gears , if  a g eared  tu rb in e ) , which 
co n v ert th e  w ork done by th e  eng ine  in to  p ropulsive  
effort.

SECTION I.
Boiler Alloys.

In  th is  sec tion , v ery  l i t t le  of n o n -fe rro u s  alloys 
a re  used— th e  boiler shell, tu b es , e tc ., be ing  o f steel. 
M ain  s to p  valves a re  som etim es of g u n m eta l, b u t 
th e  ten d e n cy  is to  go in  fo r c a s t steel bodies, to  
w ith s tan d  th e  h igh  te m p e ra tu re s  a n d  p ressu res  of 
m odern  p ra c tic e . E v en  so, i t  is o f te n  necessary  to  
le t  r in g s  o f special alloys, such  as M onel m eta l, 
in to  th e  valve  seats. G auges an d  s im ila r  f ittin g s  
a re  usua lly  of brass.

* * * * *
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Of th e  a c tu a l eng in es, th e  tu rb in e  h as by fa r  
th e  g re a te s t  p ro p o rtio n  o f n o n -fe rro u s  alloys in  its  
c o n s tru c tio n . O nly m o d era te ly  sm all am o u n ts  o 
n o n -fe rro u s  alloys a re  em ployed  in  th e  re c ip ro ca tin g  
an d  D iesel eng in es, in  m e rc h a n t p ra c tic e , a t  all
even ts . .

A d m ira lty  g u n m eta l is g re a t ly  u sed  fo r valves 
and  s te am  f itt in g s  o f a ll k in d s, a n d  in  g e n e ra l con
s tru c tio n a l w ork, g u n m eta l, an d  p h o sp h o r b ro n ze  in

p a r tic u la r , in  a d d itio n  a re  v e ry  u se fu l a s  b e a r in g  
m eta ls , fo r  a  re a so n  which, is  in d ic a te d  la te r .  
A d m ira lty  g u n m e ta l is o f te n  u sed  fo r such  b e a r in g s  
as to p  e n d  brasses, t a i l  s h a f t  l in e rs , s te rn  tu b e  
bushes, e tc .,  a n d  p h o sp h o r b ro n ze  fo r  m an y  o th e r  
sm alle r b ea rin g s . I n  th e  tu rb in e ,  such  th in g s  as 
nozzles, an d  especially  th e  f irs t few  row s of b lad es 
in  th e  H  P . tu rb in e ,  m u s t possess s t r e n g th  a t  h ig h  
te m p e ra tu re ;  a n d  be to u g h  o r h a rd  w e a rin g , to  
re s is t th e  erosive  ac tio n  of th e  h ig h  v e lo c ity  s te am . 
Such  alloys as 96.9 c o p p e r; 3 t i n ;  a n d  0.1 p e r  c en t, 
phosphorus fo r nozzles, an d  m an g a n ese  c o p p er con
ta in in g  3 to  4 p e r  cen t, m an g an ese , fo r b lad in g ,
a re  th e re fo re  used . (See F ig . 1 .)

T he m a in  b e a rin g s  o f all ty p es , a n d  th e  cross
head  gu ides, e tc , of th e  re c ip ro c a tin g  a n d  D iesel
en g in es, a re  lin ed  w ith  w h ite  m e ta l.  I t  is  p r e fe r 
ab le  t h a t  th e  bushes should  be o f g u n m e ta l as in 
th e  e v en t of a "  r u n  o u t ,”  less d a m a g e  w ouid p ro 
bab ly  re su lt. C ondensers a re  u su a lly  tu b e d  w ith  
70 : 30, o r  70 : 29 : 1 b ra ss , b u t  th e  g r e a t  prevalence



of corrosion  tro u b le  is c lear in d ic a tio n  t h a t  th ese  
m a te ria ls  a re  n o t sa tis fa c to ry , b u t a re  only  a d h ered  
to  fo r w a n t of a su itab le  alloy  w ith  th e  necessary  
im m u n ity  from  corrosion , w hich  can  be as eas ily  
w orked in to  tu b e  form .

T he p ro p e lle r s h a f t  is su p p o rte d  on  w h ite  
m eta lled  c a rriag e s . The t a i l  sh a f t ,  w hich ac tu a lly  
c a rrie s  th e  p ro p e lle r, is cased in  a sh ru n k -o n  g u n - 
m eta l l in e r , an d  th is  in  tu r n  revolves in  a  s te rn  
bush , w hich  is som etim es of g u n m eta l. All k inds 
of m a te ria ls  a re  u sed  fo r th e  p ro p e lle r itse lf, r a n g 
ing  from  c as t iron  to  steel an d  m an g an ese  brass. 
M anganese  b rass, a lth o u g h  expensive , and  som e
tim es  n o t above tro u b le , d u e  to  erosion , is f a r

F i g .  2 .— A r r a n g e m e n t  o r  P r o p e l l e r  a n d  S t e r n -  
T u b e .

su p e rio r as re g a rd s  re s is tan c e  to  corrosion , an d  has 
a  fa r  longer life  th a n  e ith e r  c a s t iro n  o r steel. 
T h is, in  c o n ju n c tio n  w ith  i ts  in creased  efficiency, 
is held m ore  th a n  to  ou tw eigh  its  in it ia l  cost.

Bronzes.
The n am e g u n m eta l, w h ilst i t  is g en era lly  ta k e n  

to m ean  so m eth in g  su b s ta n tia lly  a  b ronze, as 
g en era lly  used  in  en g in e erin g , is re a lly  a  v ery  
vag u e  te rm , and  m ay m ean  a n y th in g  from  a b rass 
w ith  only a  p e rce n ta g e  o r  so o f t in ,  to  a  com posi
tio n  lik e  85 p e r  cen t, copper an d  15 p e r  cen t. t in .  
On th e  o th e r h a n d , A d m ira lty  g u n m e ta l is  th e  
d e fin ite  8 8 : 1 0 :2  m ix tu re , w hich is so well know n, 
an d  as a  high-class, a ll-ro u n d -p u rp o se  alloy is diffi
c u lt to  im prove upon . A ttem p ts  to  cheapen  th is
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alloy  fo r m e rc h a n t w ork  ta k e  th e  obvious fo rm  of 
re d u c in g  th e  t in  an d  in c re a s in g  th e  z inc, w ith  
possibly th e  a d d it io n  of a  l i t t l e  lead . An alloy on 
th ese  lines, c o n ta in in g  86 cop p er, 8 t in ,  2 lead , 
a n d  4 p e r  cen t, z inc , h as been  u sed  w ith  a  f a i r  
a m o u n t of success fo r  g e n e ra l w ork. A n o th e r 
s im ila r  com position  is  87 copper, 8 t in ,  an d  5 p e r  
cen t, z inc , a n d  b a rs  c a s t on  ta il- sh a f t- l in e rs  o f  th is  
l a t t e r  com position  h a v e  g iv en  as m uch  as 20 to n s  
p e r  sq. in . w ith  35 p e r  cen t, e lo n g a tio n .

Admiralty Gunmetal.
T he a llo y  know n as A d m ira lty  g u n m e ta l h a s  

m ore  o r  less estab lish ed  its e lf  a s  a  “  s ta n d a r d  ”  
com position , a n d  w ith  p e rh a p s  a  l i t t le  la t i tu d e  in  
th e  lead  c o n te n t, is o f ten  used— a p a r t  from  
A d m ira lty  w ork— w here  a  h igh -class, s tro n g  b ro n z e  
is re q u ire d . I t  m ig h t be re m a rk e d  in  p a ss in g  
t h a t  th e re  seems no reaso n  why 1 p e r  c e n t, lead  
should  n o t  toe allow ed, even  in  A d m ira lty  w o r k ; 
in fa c t,  from  som e p o in ts  o f view , i t  w ould  be  a 
p o sitiv e  a d v an tag e . A d m ira lty  g u n m e ta l h a s  
been th e  su b je c t o f a  la rg e  a m o u n t o f re sea rc h  
w ork, especially  o f re c e n t  y ea rs , a n d  m u ch  h a 6 
been p u b lish ed  co n cern in g  i t .

Equilibrium Diagram of the Copper-Tin Alloys.
As a n  a id  to  th e  m ore com p le te  u n d e rs ta n d in g  

of g u n m e ta l, th e  e q u ilib riu m  d ia g ra m , o r t h a t

c

F i g . 3.— E q u i l i b r i u m  D ia g r a m  o f  t h e  C o p p e r - 
T i n  A l l o t s  u p  t o  2 0  p e r  C e n t . T i n . ( F r o m  
H e t c o o k  &  N e v i l l e ’s  D ia g r a m .)
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p o rtio n  of i t  w hich includes u p  to  20 p e r  cen t, t in ,  
should be considered . T h e  e q u ilib riu m  d iag ram s 
of th e  c o p p er-tin  an d  copper-z inc  alloys a re  bo th  
recom m ended  fo r  th e  s tu d y  of th e  p ra c tic a l 
fo u n d ry m an , as m uch  m ay be lea rn ed  from  them  
alone. T he eq u ilib riu m  d iag ra m s show th e  
freez ing  p o in ts , an d  changes w hich  ta k e  p lace  on 
cooling, fo r  a n y  p ro p o rtio n s  of co p p er an d  t in  o r 
copper an d  z inc  as th e  case m ay  be.

In  th e  case o f th e  c o p p er-tin  alloys, s ta r t in g  
w ith  p u re  copper, w hich h as a  m e ltin g -p o in t of 
1,084 deg. C ., a n d  a d d in g  t in ,  th e  f reez in g -p o in t 
is g ra d u a lly  low ered. T he lin e  A— B is know n as 
th e  liq u id u s, an d  m ark s  th e  com m encem ent of 
so lid ification . A t te m p e ra tu re s  above th is  line , 
alloys a r e  e n tire ly  liq u id . T he lin e  A—b— c is 
know n as th e  solidus, an d  in d ic a te s  th e  com pletion  
of so lid ification . Any f u r th e r  lin e  show n below 
th e  solidus m u st th e re fo re  re la te  to  changes which 
ta k e  p lace  in  th e  solid alloy w h ilst cooling. Such 
a  change  is in d ic a te d  in  th e  d iag ram  of th e  copper- 
t in  alloys, and  occurs a t  500 deg. C. Alloys con
ta in in g  up  to  9 p e r  cen t, t in  e x is t as a  so lid  solu
t io n  of t in  in  cop p er, know n ¡as th e  a lp h a  solid 
so lu tion . In  m a te ria l  as cast, th is  is n o t hom o
geneous, ow ing  to  th e  d ifference in  th e  m elting - 
p o in ts  o f copper an d  t in .  w hich a re  1,084 deg. C. 
an d  232 deg. C. re spec tive ly . T h is causes re la 
tive ly  p u re  copper to  se p a ra te  o u t first. W hen 
betw een 9 an d  23 p e r cen t, t in  is p re sen t, a second 
c o n s titu e n t  know n as beta  is fo rm ed . A t tem 
p e ra tu re s  above 500 deg. C. th e  s t ru c tu re  consists 
of th e  a lp h a  an d  b e ta  solid  so lu tions. I f  th e  alloy 
is be ing  slowly cooled, a  ch an g e  occurs a t  500 
deg. O. w hereby th e  b e ta  b re ak s  down, an d  th e  
c o n s t itu e n t  know n as th e  d e lta  e u tec to id , which 
is a d e fin ite  com pound of copper an d  t in  (S nC u ,), 
is form ed. T he im p o rtan ce  of th is  d e lta  eu tec to id  
will be seen la te r .  T ak in g  th e  case o f an  alloy 
c o n ta in in g  10 p e r  cen t, t in ,  so lid ification  com
m ences a t  a b o u t 1,000 deg. C ., w hen a  d e n d ritic  
ske le ton  o f a lp h a  c o n ta in in g  only  a b o u t 2 p e r  
cen t, t in  is deposited . As th e  te m p e ra tu re  fa lls  th e  
a m o u n t of t in  co n ta in ed  in th e  a lp h a  which is 
b u ild in g  up  th e  s tru c tu re ,  increases, as also does 
th e  co n ce n tra tio n  o f t in  in  th e  s till liq u id  p o r
tio n , u n til  a t  ab o u t 790 deg. C. th e  a lp h a  fo rm ed 
holds 9 p e r  cen t, t in ,  an d  th e  whole solidifies.



T he perio d  ro u n d  a b o u t 790 deg. C. is fa v o u ra b le  
to  th e  fo rm a tio n  o f th e  u n d e s irab le  b e ta  con
s t i tu e n t ,  co n seq u en tly  th e  cooling  th ro u g h  th is  
ra n g e  should  he  ra p id  if  s e g re g a tio n  is to  be 
avo ided . C ooling proceeds to  500 deg. C ., aIJd 
any  b e tą  w hich is p re s e n t  is sp l i t  up , and  d e lta  
e u te c to id  fo rm ed . I t  is obv ious t h a t  w ith  only 
10 p e r  cen t, t in ,  o n ly  v ery  sm all am o u n ts  o f b e ta , 
a n d  conseq u en tly  d e lta  eu te c to id , should  he fo rm ed  
u n d e r  n o rm a l co n d itio n s. T he above a PP’(®® 
s tr ic t ly  to  a n  alloy  o f 90 p e r  cen t, copper a n d  10 
p e r  cen t. t in .  h u t  is  a p p ro x im a te ly  c o rre c t f ° r  
A d m ira lty  g u n m eta l.

Casting Temperature.
The c a s tin g  te m p e ra tu re  o f A d m ira lty  gun- 

m eta l has been th o ro u g h ly  in v e s tig a te d . By 
itse lf, c a s tin g  te m p e ra tu re  is  n o t  e v e ry th in g , h u t  
in  co n ju n c tio n  w ith  good m e ltin g  p ra c tic e , w ill go 
f a r  to  en su re  success, A lth o u g h  A d m ira lty  g u n 
m eta l has a  w ide ra n g e  o f p o u r in g  te m p e ra tu r e  
w ith in  w hich  so u n d  c as tin g s  c an  be  o b ta in e d , 
tro u b le  is ex p erien ced  if  th is  r a n g e  is exceeded  in  
e ith e r  d irec tio n . I n  a  P a p e r  p re se n te d  to  th e  
I n s t i tu te  o f M e ta ls  in  1918, C a rp e n te r  a n d  E lam  
g ive th e  ra n g e  o f c a s tin g  t e m p e ra tu r e  as fro m  
1,120 to  1,270 deg. O. I t  i s . in te r e s t in g  to  p lac e  on 
record  th e  fa c t  t h a t  th e  c a s tin g  t e m p e ra tu r e  o f 
A d m ira lty  g u n m e ta l, a s a p p lie d  to  w o rk s’ p r a c 
tice , w as in v es tig a te d  by  M essrs. D an ce  a n d  L illie  
as fa r  back  as 1911. T h e  conclusions a r r iv e d  a t ,  
which w ere n o t p u b lish ed  a t  th e  tim e , co incide 
su b s ta n tia lly  w ith  w h a t is  kno w n  as A d m ira lty  
g u n m eta l to -d ay . O n  th is  a cco u n t, th e re fo re ,  th e  
follow ing e x tra c ts  fro m  th e i r  conclusions a re  
g iven  : —

“  T h e  h ig h e s t l im it  a t  w hich i t  is ad v isab le  to  
c a s t  A d m ira lty  g u n m e ta l w ith o u t fe a r  o f  seg re 
g a tio n  ta k in g  p lac e  is  fixed ( a f te r  m u ch  p ra c t ic a l  
ex n erim en fa l w ork) a t  a b o u t  1,220  deg. C.

“  T h e  b o tto m  l im it  is decided  by th e  te m p e ra 
tu r e  a t  w hich  th e  m e ta l m elts, th e ' speed o f p o u r 
ing , a n d  th e  size an d  sh ap e  of th e  o b jec t. A 
c a s tin g  h a v in g  th in  p laces in  i t ,  o r sh a rp  im p res
sions, w ould n a tu r a l ly  re q u ire  a  h ig h e r  p o u r in g  
te m p e ra tu re  th a n  would a  th ic k  so lid  c a s tin g .
T h e  b o tto m  l im it  m ay  b e  fixed a t  1,100 deg. 0 ,
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. . . . A t th is  te m p e ra tu re  i t  is possible to  cast 
th ick  solid  o b jec ts  successfu lly . T h ere fo re , betw een 
1,100  a n d  1,220  deg. C. th e re  is  a  ra n g e  o f 120 
deg. O. in  w hich a ll classes of A d m ira lty  g u n m eta l 
m ay be p o u re d  w ith o u t fe a r  o f low re su lts  th ro u g h  
seg reg a tio n , p ro v id ed  th a t  th e  m e ta l has n o t been 
o verh ea ted  p rev io u sly . (T he ita lic s  a re  th e  
p re se n t a u th o r ’s.) . . . .  1,220 deg. C. is  th e  
h ig h e s t te m p e ra tu re  a t  w hich A d m ira lty  g u n m eta l 
can  be cas t w ith o u t fe a r  of se g re g a tio n ; we hav e  
good re su lts  from  m eta l ta k e n  to  1,250 deg . C., 
b u t  th e  m eta l was n o t  allowed to  ‘ stew  ’ in  th e  
fire ; even in  th ese  cases seg reg a tio n  was p re se n t 
to  a  c e r ta in  e x te n t .  I t  seem s th a t  th e  le n g th  of 
tim e  th e  m e ta l is  allow ed to  s ta n d  a t  th e se  h ig h  
te m p e ra tu re s  b e fo re  p o u rin g  h as a  b ad  effect, n o t 
only  by 1 b u rn in g  ’ th e  m eta l, b u t  also by  in c reas
in g  th e  ten d en cy  to  se g reg a tio n  of b e ta . . .

I t  is in ad v isab le  in  o rd in a ry  fo u n d ry  p ra c 
tic e  to  w ork w ith  such  an  ex te n d ed  ra n g e  a s  t h a t  
g iven  by C a rp e n te r  a n d  E lam . I t  is su ggested  th a t  
a  ra n g e  of c a s tin g  te m p e ra tu re  from  1,120 deg. C. 
fo r  th ic k  sections to  ab ou t 1,220 deg. C. fo r lig h t 
w ork will p ro b ab ly  be a ll t h a t  is necessary . A sa fe  
ru le  to  follow is to  co n sid er th e  n a tu r e  of th e  
c a s tin g  care fu lly , a n d  c a s t a t  a s  low a  te m p e ra tu re  
as possible w ith in  th e  ra n g e  g iven  above.

E q u a l in  im p o rtan ce  w ith  co rrec t c as tin g  tem 
p e ra tu re  is th e  need  fo r c a re fu l p re p a ra tio n  a n d  
m eltin g  o f th e  alloy. P ra c tic e  v a rie s  in  d iffe re n t 
fo u n d rie s  as to  th e  e x a c t m eth o d  of m ak in g  th e  
alloy. Som e m elt th e  co p p er a n d  b rin g  i t  up  to  
a  h ig h  te m p e ra tu re , w ith d raw  th e  c rucib le  from  
th e  fire, a d d  th e  t in  an d  z inc, an d  c a s t;  th e  id ea  
p resum ab ly  b e in g  to  h av e  as l i t t le  loss as possible. 
T h is  m eth o d  is  n o t  co n sid ered  good p ra c tic e . 
E v ery  fo u n d ry m an  know s th e  g r e a t  ra p id i ty  w ith  
which p u re  co p p er ta k e s  u p  oxygen when m olten . 
In  th e  fo reg o in g  m ethod  th e  co p p er is m elted  a n d  
co n sid erab ly  su p e rh ea ted , to  en su re  t h a t  a f te r  th e  
a d d itio n  of th e  t in  a n d  zinc th e  c a s tin g  te m p e ra 
tu r e  will n o t be too  low. I n  a d d itio n , th e re fo re , 
to a  ten d en cy  to  p roduce  ox id ised  m a te ria l,  th e re  
is a  p o ss ib ility  t h a t  th e  loss is a c tu a lly  g re a te r  
w ith  th is  m ethod  th a n  w here th e  a d d itio n s  a re  
m ade to  th e  c ru cib le  as soon as ever th e  co p p er is 
sufficiently m o lten . A good co v erin g  shou ld  be

ter#**
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m a in ta in e d , and  th e  c ru c ib le  w ith d raw n  from  th e  
fire  as soon as th e  c o rre c t c a s tin g  te m p e ra tu re  is 
reach ed . On no a cc o u n t sh o u ld  th e  m a te ria l 
re m a in  in  th e  fire  lo n g er th a n  is abso lu te ly  
necessary .

N eg lec t o f th e  above p re c a u tio n s  o r carelessness 
on  th e  p a r t  of th e  m e lte r  will c e r ta in ly  lead  to  
tro u b le . I n  a d d itio n  to  a c tu a l  u n so u n d n ess , th e  
phenom enon  know n as “  l iq u a tio n  ”  c a n  be  cau sed  
by im p ro p e r m eltin g . T h is  tro u b le  is  m ore  
com m on w ith  la rg e  cas tin g s , an d  is g e n e ra lly  in d i
c a ted  by th e  a p p e a ra n c e  o f a  g re y ish  w h ite  e x t r u 
sion  on th e  su rfa c e  o f th e  r u n n e r ,  o r  i t  m ay  be 
seen w elling  u p  if  th e  r u n n e r  is  k n o ck ed  off too  
soon—th is  be in g  know n as “ b le e d in g ”  in  th e

F i g .  4 . — I l l u s t r a t i n g  t h e  F o r m a t i o n  o f  a  
D e n d r i t i c  S t r u c t u r e .

fo u n d ry . F ra c tu re s  of th ese  c a s tin g s  w ill p ro b a b ly  
show w h a t a re  know n as “  t in  sp o ts .”  T h e  a u th o r  
is o f  th e  o p in io n  t h a t  u n d e r  c irc u m s tan c es  w hich  
fa v o u r th is  fo rm  o f t ro u b le  g u n m e ta l w ill t e n d  to  
“  l iq u a te  ”  acco rd in g  to  i t s  d e g ree  of o x id a tio n . 
In  o th e r  words, th e  g re a te r  th e  s t a te  o f  o x id a tio n  
th e  g re a te r  th e  ten d e n cy  to  “ l iq u a te .”  “  L iq u a 
tio n ,”  fo r  in s tan c e , w ill occur in  a  c a s tin g  w h ere  
th e  sec tio n , c a s tin g  te m p e ra tu re ,  a n d  r a t e  of 
cooling, e tc .,  d o  n o t  a p p e a r  to  ju s t ify  i t .

'Those who d ea l w ith  g u n m e ta l will h a v e  n o tic e d  
how “ s lu g g is h ”  o r  “ p a s t y ”  i t  becom es w hen

“ Liquation.”
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oxid ised . I t  is th o u g h t t h a t  th is  fa llin g  off in  
flu id ity , to g e th e r  w ith  th e  possib ility  t h a t  th e  
a c tu a l  so lu b ility  o f t in  in  co p p er is d im in ished  
when in  th is  s ta te ,  p re v e n t  th e  a lp h a  solid  so lu tion  
from  h o ld in g  its  fu ll  q u o ta  of 9  p e r  c en t. t in .  
T h is would h a v e  th e  e ffect o f cau s in g  a g re a te r  
a cc u m u la tio n  o f t in - r ic h  liq u id , w hich a s  solidifi
c a tio n  p roceeded  w ould be  p u sh ed  a b o u t, a n d  
ev en tu a lly  tra p p e d . I n  p o r tio n s  w here  th e re  was

F i g . 5 .— G o o d  G u s m e t a l .  x  25.

very  slow cooling q u ite  b ig  q u a n ti t ie s  o f  th is  t in -  
r ic h  liq u id  would accu m u la te , a n d  as th e  p ressu re  
of so lid ification  cam e on som e of i t  m igh t even 
be squeezed th ro u g h  th e  w all o f th e  cas tin g . Some 
a c tu a l  e x tru d e d  m a te r ia l  h a s  show n from  22 to  25 
p e r  c en t, t i n  on  analysis.

I t  is a  fa c t c e r ta in ly  t h a t  th e  p o o re r th e  q u a lity  
of th e  g u n m eta l th e  less c h a ra c te r is tic  i ts  s tru c 
tu re  becom es an d  th e  m ore d e lta  e u te e to id  is 
found , in d ic a tin g  t h a t  th e  a lp h a  solid so lu tio n  has 
n o t  t a k e r  u p  i ts  p ro p e r sh a re  of t in  in  th e  in it ia l  
stages of so lid ification .
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The rem edy fo r th is  fo rm  of tro u b le  is  p r im a iily  
to  e n su re  t h a t  th e  m a te r ia l  is c a re fu lly  m ade , an d  
n o t  o v e rh ea te d  o r  le f t  in  th e  fire  lo n g er th a n  
necessary .

Secondly , th e  c a s tin g  te m p e ra tu re  sh o u ld  be as 
low a s  possib le, in  o rd e r  t h a t  th e  m ould  m ay  n o t 
absorb  an  u n d u e  a m o u n t o f  h e a t .  O bviously th e  
h ig h e r th e  c a s tin g  te m p e ra tu re  th e  m ore  h e a t  w ul 
be tra n s fe r re d  to  th e  m ould  a n d  th e  lon g er i t  will 
t a k e  to  cool th ro u g h  th e  d a n g e r  ra n g e . I n  som e 
cases spec ia l m ean s m ay h a v e  to  'be ta k e n  to  e n su re  
sufficiently  r a p id  cooling .

Structure.
I t  is g en era lly  possib le to  te ll  th e  q u a lity  of a 

p iece  of g u n m eta l by i ts  f ra c tu re ,  a n d  in  th is  way 
i t  is re a lly  be ing  ju d g e d  on  its  s t ru c tu re .  T h e  
a c tu a l e x am in a tio n  o f th e  s t r u c tu r e  u n d e r  th e  
m icroscope is v e ry  in te re s t in g , a n d  i t  is offten 
possible to  d e te rm in e  th e  cau se  o f t ro u b le  by th is ’ 
m eans.

By reason  of i t  b e in g  a  solid  so lu tio n  a n d  h a v in g  
an  ex te n d ed  f re e z in g  r a n g e  (w hich, a s  in d ic a te d  
in  th e  e q u ilib riu m  d ia g ra m  is fro m  1,000 deg. C. to  
790 deg. O. a p p ro x im a te ly ) , g u n m e ta l h a s  w h a t is 
know n as a  d e n d r it ic  s t ru c tu re .  T h e  m a n n e r  in 
which a  d e n d rit ic  s t r u c tu r e  is  fo rm ed  a n d  a n  id ea  
o f i t s  c h a ra c te r is tic  a p p e a ra n c e  w ill b e  seen  by 
re fe r r in g  to  F ig . 4.

In  F ig . 5 is  i l lu s t r a te d  a  ty p ic a l  p h o to -m ic ro 
g ra p h  of good g u n m eta l, w here  th e  d e n d r i t ic  s t r u c 
tu r e  is very  p ro n o u n ced . T h is  a c tu a l  sp ec im en  w as 
c u t  from  a  te s t-b a r  w hich  gave 20.96 to n s  p e r  
sq. in . ten s ile , a n d  44 per cen t, e lo n g a tio n . T h e  
o th e r  e x tre m e  is re p re se n ted  in  F ig . 6, w hich  is 
from  a  te s t-b a r  c a s t  on a  c a s tin g , a n d  w hich g av e  
on ly  10.0 to n s  p e r  sq. in . a n d  5 p e r  c e n t, 
e lo n g a tio n .

E x a m in a tio n  u n d e r  s lig h tly  h ig h e r  pow ers 
rev ea ls  th e  d e lta  e u te c to id . T h is  is  a  h a rd ,  b r i t t l e ,  
b lu ish -w h ite  com pound . G ood g u n m e ta l c o n ta in s  
only  very  sm all a m o u n ts  of th is  c o n s t itu e n t,  a n d  
th e n  in  very  sm all pieces a n d  even ly  d is t r ib u te d . 
W h en  a la rg e  a m o u n t of d e lta  is  p re s e n t  a s  in  poor 
g u n m eta l i t  is u su a lly  fo u n d  to  b e  m o re  o r  less in  
th e  fo rm  of a  n e tw o rk , a n d  i t  is th e  l in e s  o f w eak
ness w hich a re  th u s  in tro d u c e d  w hich a re  th e  ch ie f
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cause  o f low ten s ile  a n d  e lo n g a tio n . F ig s. 7 and  8 
show th e  re la tiv e  am o u n ts  a n d  d is tr ib u tio n  of th e  
d e lta  e u te c to id  in  th e  s tro n g  an d  w eak g u n m e ta ls  
in  F ig s. 5 an d  6 respectively .

T he specim ens show n in  F ig s . 5 an d  6 h a v e  'been 
e tch ed  w ith  a n  alcoholic so lu tio n  o f acid  fe rr ic  
ch loride, w hich  leaves th e  co p p er-rich  p o rtio n s  
a lm ost u n a tta c k e d , b u t  co n sid erab ly  d a rk e n s  th e  
t in - r ic h  p o rtio n s . T h ere  is no  su d d en  lin e  of 
d e m a rca tio n  betw een  th e  tw o, as th e  p h o to g rap h s

F i g .  6 .— W e a k  G u n m e t a l , x  25.

m ay lead  one to  suppose, b u t  a  g ra d u a l m erg in g  
of one in to  th e  o th e r . An e x am in a tio n  o f a  la rg e  
n u m b er o f b a rs , of w hich a  com p ariso n  of F ig s . 6 
an d  8 w ith  F ig s . 9 an d  10 m ay  be ta k e n  as be in g  
fa ir ly  ty p ic a l, in d ic a te s  t h a t  th e  physical p ro 
p e r tie s  o f g u n -m eta l a re  p r in c ip a lly  d ep en d e n t on 
th e  s tru c tu re .

T he b a r  i l lu s tra te d  in  F ig s . 6 a n d  8 was cast 
on  th e  cas tin g , an d , a s  p rev io u sly  s ta te d ,  gave 
only  10 to n s  p e r  sq. in . a n d  5 p e r  cen t, e lo n g a tio n . 
T he b a r  show n in  F ig s. 9 a n d  10 w as c a s t sepa
ra te ly  a t  th e  sam e tim e , an d  gave  15.44 to n s  p e r
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sq. in . w ith  21 p e r  cen t, e lo n g a tio n . T h e  s tru c 
tu re s , and  especially  th e  r e la tiv e  a m o u n ts  o f th e  
d e lta  e u te c to id  in  th e  th re e  b a rs  (21 to n s, 15 tons, 
a n d  10 to n s  resp ec tiv e ly ) sh o u ld  be  no ted . T he 
d e lta  e u te c to id  h as so m ew hat th e  sam e c h a ra c 
te r is t ic  sh ap e  as th e  p h o sp h o ru s  in  c a s t  iro n , an d  
fo r m uch  th e  sam e reaso n s . F ig . 1 1  i l lu s tra te s  a 
p iece of th is  d e l ta  e u te c to id  a t  a  h ig h e r 
m ag n ifica tio n .

I t  m ay  seem  in cred ib le  t h a t  th e  c h an g e  of b e ta  
to  d e lta  c a n  occur in  th e  so lid  m a te r ia l,  a n d  a t  a s  
low a  te m p e ra tu re  as 500 deg. C ., b u t  th is  is n e v e r
th e less  c o rre c t. T h e  p re sen ce  o f m uch  o f th is  
d e lta  e u te c to id  m ay  in d ic a te  t h a t  th e  c a s tin g  te m 
p e r a tu r e  h a s been too  h ig h , a n d /o r  th e  r a te  of 
cooling  to o  slow, o r  t h a t  th e  m a te r ia l  h a s  been 
ox id ised  th ro u g h  s ta n d in g  to o  long  a t  a  h ig h  te m 
p e ra tu re .  I n  th is  l a t t e r  case, ev idence  o f o x id a 
t io n  will also be fo u n d . W h a te v e r  th e  cause , how 
ever, th e  re s u lt  is  th e  sam e, n am e ly , w eak  g u n - 
m eta l.

Heat Treatment.
As is to  be  ex p ec ted , A d m ira lty  g u n m e ta l  is 

am enab le  to  h e a t- tre a tm e n t .  T he c o rre c t a n n e a l
in g  te m p e ra tu re  u n d o u b ted ly  a p p e a rs  to  b e  ro u n d  
ab o u t 700 deg. 0 .  A n n e a lin g  a t  th is  te m p e ra tu re  
rem oves th e  “  c a s t ”  d e n d r it ic  s t r u c tu r e ,  a n d  
g ra d u a lly  absorbs th e  d e lta  e u te c to id , g iv in g  
finally  a  hom ogeneous solid  so lu tio n  o f t i n  in 
copper, w ith  im p ro v em en t of th e  p h y sica l p ro 
p e rtie s . F o r  such c a s tin g s  as l in e rs  a n d  bushes, 
e tc ., a n d , in  f a c t ,  fo r  a ll c a s tin g s  w h ere  s lid in g  o r 
ru b b in g  c o n ta c t is to  ta k e  p lace, a n n e a lin g  w ould 
be d is tin c tly  h a rm fu l, as th e  v a lu e  of g u n 
m eta l as a  b e a r in g  m a te r ia l  is d e p e n d e n t o n  i ts  
“  o ast ”  s tru c tu re ,  a n d  p a r t ic u la r ly  on  i ts  d e lta  
c o n te n t. F o r  th is  reaso n  a n  alloy  o f 85 p e r  cen t, 
co p p er an d  15 p e r  c e n t,  t in  is even  m ore  s u ita b le  
fo r a  b e a r in g  m e ta l, a n d  is  o f te n  u sed  as su ch .

I t  is th o u g h t, how ever, t h a t  a n n e a lin g  w ould  be 
a n  a d v a n ta g e  w ith  s te am  a n d  h y d ra u lio  cas tin g s , 
e tc ., an d  a lth o u g h  th e  a u th o r  h a s  h a d  no e x p e r i
ence of th is  as a  re g u la r  w orks’ p ra c t ic e , i t  is 
believed t h a t  i t  is c a r r ie d  o u t in  som e p laces. 
E x p erien ces a n d  o p in io n s  a re  in v ite d  a s  to  th e  
d e s ira b ility  o r  o th e rw ise  o f  a n n e a lin g  such  c a s t
ings as in d ic a te d .
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C opper an d  zinc alloy in  all p ro p o rtio n s , b u t  
beyond 49 p e r  cen t, z inc  th e  alloys cease to  be 
o f com m ercial v a lu e  ow ing  to  e x tre m e  b rittlen e ss . 
T he eq u ilib riu m  d iag ra m  is. in te re s t in g  a n d  w orthy  
of s tu d y .

T he lin e  A— B— C in  F ig . 12 re p re se n ts  th e  
liq u id u s. T he d o tte d  lin e  Ab B e in d ic a te s  th e  
solidus, a t  w hich  te m p e ra tu re s  so lid ification  is

Brasses.

F i g . 7.— D e l t a  E tttectoid  i n  Goon 
G u n m e t a l , S h o w n  i n  F i g . 5. x 50.

com plete. U p to  37 p e r  cen t, z inc ap p ro x im ate ly , 
a t  a tm o sp h e ric  te m p e ra tu re , th e  s t ru c tu re  consists 
of a  solid  so lu tio n  of z inc  in copper know n as th e  
a lp h a  so lid -so lu tion . W ith  alloys co n ta in in g  m ore 
th a n  37 p e r  cen t, zino a  second c o n s titu e n t know n 
as th e  b e ta  solid so lu tio n  is fo und . A d d itio n s of 
zinc increase  th e  a m o u n t of b e ta , u n t i l  a t  ab o u t 
46.5 p e r  c en t, z inc  th e  s t r u c tu r e  consists o f all 
b e ta . F u r th e r  a d d itio n s  o f z inc  th e n  cause  th e  
fo rm a tio n  of a th ird  c o n s titu e n t know n a s



“  g a m m a .”  T he p resen ce  o f g a m m a  causes a  con
sid e rab le  fa ll in g  off in  s t r e n g th ,  m ak in g  th e  alloys 
co n ta in in g  i t  useless. T h e re  is  q u ite  a  la rg e  
d ifference  in  p h y sica l p ro p e r t ie s  be tw een  th e  a lp h a  
a n d  b e ta  c o n s titu e n ts . T he a lp h a , w ith  i ts  in 
creased  p ro p o rtio n  of copper, b e in g  so f t  a n d  d uc
tile , w h ils t th e  b e ta , o n  th e  o th e r  h a n d , is h a rd e r  
a lid  does n o t possess m uch  d u c til ity .
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F i g . 8 .— D e l t a  E u t e c t o id  i n  W e a k  
G l n m e t a l , S h o w n  i n  F i g . 6 . x  50.

As re g a rd s  o rd in a ry  c a s t b rass, a lm o st a n y th in g  
is used, a n d  com positions a re  v e ry  v a r ia b le .

T h e  m ost re m a rk a b le  f e a tu re  of th e  a lloys of 
copper a n d  z in c  is  th e  fa c t  t h a t  th e  u su a l m e ta ls  
w hich  a re  ad d ed , such as t in ,  lead , iro n , m an g a n ese , 
a lu m in iu m , e tc .,  a re  d e fin ite ly  so luble  in  th e  alloy  
also, u p  to  c e r ta in  a m o u n ts  ; a n d  do n o t  fo rm  t h i r d  
c o n s titu e n ts  u n less a d d e d  in  excess of th e i r  l im its  
of so lu b ility . I n  o th e r  w ords, th e se  m eta ls  h av e  
th e  sam e effect on  th e  s t ru c tu re  as a d d it io n a l  z inc  
w ould h av e , b u t  w ith  th e  ex cep tio n  t h a t  th e
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s tre n g th  is in creased , p ro v id in g  th ey  a re  n o t added  
in  excess of th e i r  so lub ility . The m eta ls  m en tio n ed  
have  d iffe ren t l im its  of so lu b ility , an d  rep lace  
d ifferen t a m o u n ts  of zinc  in  th e  s tru c tu re .  F o r  
exam ple, a b rass  co n ta in in g  60 p e r  cen t, copper 
will hold u p  to  8 p e r cen t, m an g an ese  w ith o u t a n 
o th e r  c o n s titu e n t fo rm in g , an d  every  p e r-c e n t of

F iG . 9.—  x 25.

m anganese  so added , ac ts  as an  a d d itio n a l 0.5 p er 
c en t, z inc on  th e  a lp h a -b e ta  s tru c tu re . T in  will 
dissolve up  to  slig h tly  ov er 1 p e r  c en t., an d  will 
equal tw ice  i ts  a m o u n t in  zinc. L ea d  is he ld  in 
so lu tion  to  th e  e x te n t o f  0.9 p e r  c en t., an d  h as th e  
sam e effect as an  eq u al a m o u n t of z inc. T he solu
b ility  of iro n  is s lig h t, and  is n o t know n exac tly , 
b u t in  p ra c tic e  i t  is n o t adv isab le  to  a d d  m ore 
th a n  a b o u t 1 p e r cen t. A lum in ium  h as a v ery  con
siderab le  influence, 1  p e r  cen t, o f th is  m e ta l being  
eq u iv a len t to  6 p e r cen t. z inc. I n  th ese  fa c ts  we 
h ave  th e  e x p la n a tio n  of w h a t a re  know n as th e  
h ig h -ten sile  brasses.
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Manganese Brass.
A m an g an ese  b rass  of a p p ro x im a te ly  th e  follow

in g  com position  w ill p ro b ab ly  be fa m il ia r  to  m any , 
a n d  is  g re a t ly  used , am o n g st o th e r  th in g s , fo r th e  
m ak in g  o f sh ip s ’ p rop e lle rs . I t s  com position  is 
a p p ro x im a te ly  58.0 c o p p er; 1.0 t i n ;  0.5 le a d ; 1.0 
iro n ; 0.5 m an g a n ese ; 0 .4  a lu m in iu m ; a n d  38.6 p e r  
c en t, z inc , e tc . A n o rd in a ry  b ra ss  c o n ta in in g  38.6 
p er cen t, z inc , w ould possess a  s t ru c tu re  o f a p p ro x i
m ate ly  83 p e r  cen t, a lp h a  a re a , a n d  17 p e r  cen t, 
b e ta  a r e a ;  b u t  th e  m an g a n ese  b ra ss  g iv en  above

F i g . 10.—  x 50.

would h av e  a  z in c  v a lu e  o r zinc e q u iv a le n t o f 43.5 
p e r c en t., a n d  th is  g ives a  v ery  d iffe re n t s t ru c tu re ,  
h a v in g  o n ly  31 p e r  cen t, a lp h a  a re a  a n d  69 p e r  cen t, 
b e ta  a re a  ap p ro x im a te ly . T he te n s ile  s t r e n g th  of 
th is  m a te ria l  w hen c o rrec tly  m ad e  a n d  c a s t  is in  
th e  ne ighbourhood  of 34 to  35 to n s  p e r  sq. in .

T h e  s t ru c tu re  of a  sam p le  o f m an g an ese  b ra ss  of 
ap p ro x im a te ly  th is  co m position  is i l lu s t r a te d  in  

F igs. 13 a n d  14. F ig . 13 shows th e  “  b lu e  e tc h in g  
c o n s t itu e n ts ,”  w hich  a r e  p ro b ab ly  a  so lid  solution



of iron  an d  copper, w ith  possibly som e t in ,  m an 
ganese o r a lu m in iu m . These “ b lue e tch in g  con
s t i tu e n ts  ”  should n o t be p re se n t in  excess—which 
should n o t be  th e  case, if  th e  iro n  is k e p t to  ab o u t 
1 p er cen t. I f  p re se n t in  excess, seg reg a tio n  will 
alm ost c e r ta in ly  occur. F ig . 14 shows th e  a lp h a - 
b e ta  s tru c tu re '—th e  w h ite  a rea s  be ing  th e  a lp h a  
c o n s titu e n t.  T he a c tu a l a m o u n t of a lp h a  in  th is  
specim en is a p p ro x im ate ly  30 p e r  cen t.

10/

F ig .  1 1 .— D e l t a  E u t e c t o id . x  500 .

Casting Temperature.
T he ca s tin g  te m p e ra tu re  o f th is  m a te ria l  is very 

im p o r ta n t, a n d  as th e  ra n g e  is v ery  lim ited , th e  use 
of a  p y ro m ete r is e ssen tia l. T he ra n g e  m ay  be 
g iven  as 1,000 deg. C., p lu s  o r m in u s 20 deg. C.

O w ing to  th e  'physical p ro p e rtie s  o f th is  m a te ria l  
d e p en d in g  so m uch on th e  re la tiv e  am o u n ts  of th e  
a lp h a  a n d  b e ta  c o n s titu e n ts , th e  zinc c o n te n t m ust 
be u n d e r  co n tro l, if a co n sis ten t p ro d u c t is desired . 
T his m ay be accom plished by e ith e r  m ic ro -ex am in a
tio n , o r  by a c tu a l d e te rm in a tio n  of Che copper con
te n t  in  sam ples d raw n a t  in te rv a ls , from  th e  f u r 
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nace, befo re  ta p p in g . A d ju s tm e n t is th e n  m ad e  if 
necessary .

T he liq u id  c o n tra c tio n  o f th is  alloy  is  la rg e , a n d  
n ece ss ita te s  spec ia l a t te n tio n  b e in g  g iv en  to  
“  fe e d in g .”  T h e  m eth o d  o f c a s tin g  a  p ro p e lle r  
b lad e  is in te re s t in g , a n d  is i l lu s t r a te d  in  F ig . 15. 
T h is is o ast u p r ig h t, a n d  ru n  fro m  th e  t ip .  T he 
p o u rin g  b asin  should  be of am p le  cap ac ity , a n d  is 
k e p t  closed w ith  a  p lu g  u n t il  filled. W hen  th e  
p lu g  is rem oved th e  p o u r in g  is  re g u la te d  to  keep  
th e  b asin  fu ll. As th e  m e ta l g ra d u a lly  rises in to  
th e  flange, d i r t  is  p re v e n te d  fro m  b e in g  t r a p p e d  
in  th e  co rners by  m eans o f rods. T his can  be  done 
by o b se rv a tio n , as th e  h e a d  is q u ite  open . P o u r 
in g  is c o n tin u ed  u n t il  th e  level in  th e  h e ad  reach es  
th e  h e ig h t a t  th e  to p  o h  th e  ru n n e r .  T h e  ru n n e r  
th e n  solidifies, an d , a t  in te rv a ls , fre sh  h o t m e ta l 
is in tro d u ced  in to  th e  o p en  h e ad , th e  m e ta l in

F i g . 1 2 .— E q u i l i b r i u m  D ia g r a m  o f  t h e  C o p p e r - 
Z i n c  A l l o y s , u p  t o  5 0  p e r  O e n t . Z i n c .

w hich is w orked  u p  a n d  dow n w ith  ro d s, a n d  th u s  
“  fe d .”  T he size o f h ead  re q u ire d  is v e ry  n e a r ly  
o n e -th ird  of th e  w e ig h t o f  th e  c a s tin g .

M an g an ese  b ra ss  h a s  tw o m a rk e d  c h a ra c te r is tic s . 
O ne i s ’ i ts  re m a rk a b le  f lu id ity  a n d  th e  o th e r  is  i ts  
h ig h  su rface -ten s io n , d u e  a p p a re n tly  to  th e  in s ta n 
tan eo u s  fo rm a tio n  o f a n  o x ide  film  on  th e  su rfa ce . 
F o r  th is  l a t t e r  reaso n , th e  filling  o f th e  m o u ld  
m u st be co n tin u o u s and  th e  in i t ia l  p o u r in g  done 
w ith o u t s p la s h in g ; co n seq u en tly  p o u r in g  b asin s 
w ith  p lugs a re  n ecessary .
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White Metal.
The im p o r ta n t  b ea rin g s  in  m arin e  e n g in eerin g  

a re  lined  w ith  w h ite -m eta l, u su a lly  o f a  t in  base. 
Freedom  from  b e a rin g  tro u b le  seems to  depend 
upon th e  c o n tin u a l m a in te n a n c e  of an oil film. 
T hus, in  a  b e a r in g  co rrec tly  a d ju s te d  and  lu b r i
ca ted  w ith  su itab le  o il th e  m etal su rfaces should 
n o t ac tu a lly  come iiito  c o n ta c t, b u t  should  alw ays 
be se p a ra ted  by a lay e r of oil.

F ig . 13.— “  B l u e  E t c h i n g  C o n s t i t u e n t s . ”  

x 50
T he m ost p e rfec tly  m ach in ed  su rfa ce  has some

w h a t a  resem blance t o  a  p loughed  field w hen seen 
u n d e r th e  m icroscope, even u n d e r  low pow ers, so 
t h a t  th e  b e a r in g  m a te r ia l  m u s t necessarily  be 
s lig h tly  p las tic  to  enable  sm all su rfa ce  ir re g u la r i
tie s  to  be accom m odated ; also to  allow fo r  s lig h t 
in accu racy  of f ittin g  or a lig n m en t. On th e  o th e r  
h an d , i t  has been p ro v ed  t h a t  h a rd  bodies have  
sm aller co-efficients of f r ic tio n  com pared  w ith  
so fte r bodies, an d  in  th e  case  o f a b e a rin g , w ear 
longer. I t  is ev id en t, th e re fo re , t h a t  th e  p e rfe c t 
b e a rin g  m a te ria l  m u s t possess tw o som ew hat con



t r a d ic to ry  p ro p e rtie s— on th e  one h a n d , t h a t  of 
being  h a rd , to  e n su re  low co-efficient o f  f r ic tio n  
a n d  long l i f e ;  a n d , o n  th e  o th e r  h a n d , t h a t  o f 
b e in g  so ft a n d  s lig h tly  p la s tic . O bviously , no 
sing le  m e ta l, o r an  a lloy  t h a t  is  a  hom ogeneous 
solid so lu tio n , c an  com bine th e se  tw o  d iss im ila r  
p ro p e rtie s , so t h a t  com positions a re  so u g h t to  p ro 
duce s t ru c tu re s  w here  h a rd  c o n s titu e n ts  a r e  su p 
p o rted  in  a  so f te r  a n d  s lig h tly  p la s tic  m a tr ix .

H ow  p e rfe c tly  a n  alloy o f 5 p e r  cen t, co p p er, 
86 p e r  cen t, t in ,  a n d  9 p e r  cen t, a n tim o n y  fu lfils
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F i g . 1 4 .— A l p h a - b e t a  S t r u c t u r e ,  x  5 0 .
A p p r o x . 3 0  p e r  C e n t . A l p h a  A r e a .

these  co n d itio n s is show n in  F ig . 16, w h ich  is  a  
p h o to -m ic ro g rap h  of a  specim en  o f th is  com posi
tio n  c u t  from  a n  a c tu a l  b e a r in g . Tw o d is t in c t  
com pounds a re  p re se n t, th e  m ost s t r ik in g  b e in g  
th e  a lm ost p e r fe c t  cubes o f th e  t in -a n t im o n y  com 
pound . T h e  o th e r  com pound, w hich  is t h a t  of 
co p p er a n d  t in ,  n o t on ly  serves th e  u se fu l p u rp o se  
of s tiffen in g  th e  a lm o st p u re  t in  m a tr ix ,  b u t ,  b e in g  
th e  f irs t to  so lid ify , and  s e p a ra t in g  th ro u g h o u t



th e  m ass in  th e  form  of a  d e n d r it ic  n e tw o rk , p re 
v en ts  se g reg a tio n  of th e  t in -a n tim o n y  cubes which 
a re  la te r  fo rm ed .

I t  is desired  to  em phasise  th e  im p o rtan ce  of 
co rrec t s t ru c tu re  in  connection  w ith  b e a rin g  
m eta ls , as th e  whole life  of th e  b e a r in g  a p p ea rs  to  
depend  upon  i t.  I t  is th e re fo re  a  m a t te r  o f im 
p o rtan c e  t h a t  th e  a c tu a l m a n u fa c tu re  of th e  
w h ite-m eta l a n d  th e  subsequen t filling  of th e  b e a r
in g  be co nducted  w ith  th e  necessary  c a re  an d  
a tte n tio n  w hich  i t  deserves. I n  m an y  cases l i t t le  
th o u g h t is given to  th is  s ide  o f fo u n d ry  vvork ( i t  
is considered  t h a t  th e  co rrec t p lace  fo r th is  work

F i g .  1 5 .— I l l u s t r a t i n g  M e t h o d  
o e  P o u r i n g  a n d  “  F e e d 
i n g  ” P r o p e l l e r  B l a d e .

is in th e  fo u n d ry ), an d  i t  says m uch fo r th e  
a m o u n t of abuse w hich th is  m a te ria l  w ill s ta n d  
th a t  i t  does n o t g ive  tro u b le  m ore o ften .

F i r s t  a n d  forem ost is th e  m a t te r  o f te m p e ra tu re  
con tro l. T his is a co m p ara tiv e ly  sim ple  m a tte r  
w ith  such a  low m eltin g -p o in t alloy, y e t  i t  is o ften  
neg lected . A su itab ly  p ro tec te d  g lass th e rm o m ete r 
is a ll t h a t  is req u ired , an d  should be in  th e  h an d s 
of th e  m an  who h as ch arg e  of th is  w ork. P r e 
ferab ly , th e  fu rn a c e  itse lf  should  be f itted  w ith  
a  d ial ty p e  of in d ic a tin g  th e rm o m ete r. M e ltin g

G



shou ld  he c a rr ie d  o u t in  som e 'fo rm  of c o n ta in e r  
w here  th e  a tm o sp h e re  is ex c lu d ed , o r if  th is  is  
n o t possible, spec ia l a t te n t io n  should  be  g iv en  to  
th e  su rfa c e  cov erin g .

A fu rn a c e  t h a t  h as been fo u n d  s a tis fa c to ry  ’s 
shown in  F ig . 17, w hich i l lu s tra te s  th e  a c tu a l  p o u i-  
ing  of a  b e a rin g . T he fu rn a c e  is gas-fired , a n d  is
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F i g .  1 6 .— S t r u c t u r e  o f  W h i t e - M e t a l  S p e c i m e n  

C u t  f r o m  B e a r i n g , x  5 0 .

f itted  w ith  a n  a u to m a tic  re g u la to r ,  by  m ea n s  o f 
w hich th e  te m p e ra tu re  can  be  k e p t  ro u n d  a b o u t  
a d e te rm in e d  figu re . I t  is also f i tte d  w ith  a 
“ m ix e r ,”  w hich  consists of a  p e r fo ra te d  p la te  
w orked  u p  a n d  dow n in  th e  liq u id , b y  m ean s  of 
th e  o u ts id e  h a n d le . T he r a te  o f p o u r in g  is co n 
tro lled  by a handw dieel, w hich  re g u la te s  th e  o p en 
in g  o f th e  o u tle t  v a lve  a t  th e  b o tto m  of th e  con
ta in e r .

O v e rh ea tin g , o r  s ta n d in g  fo r long  p e rio d s  w ith 
o u t  a  p ro tec tiv e  co vering , should  b e  av o id ed  a t  a ll 
costs.

I t  h a s  been  fo u n d  n ecessary  to  o b ta in  sound
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b earings, free  of ox ide  inclusions, “  sp o n g in ess,” 
holes, e tc ., to  ru n  th e  whole b e a rin g  a t  o n e  tim e  
from  th e  b o ttom . F o r  th is  p u rpose  th e  ca s tin g  
to  be lin ed  should  he  evenly  h e a te d  to  ah o u t th e  
m eltin g  p o in t of t in ,  and  t in n e d  if  possible. The

F i g .  17.— F i l l i n g  a  B e a h i n g .

b earin g  is f itted  w ith  a su itab le  size o f “ fo rm e r ,” 
which is clam ped  on. Som e o f th ese  a re  show n in 
F ig . 18. A stock  of fo rm ers is g ra d u a lly  accum u
la te d  a s  new  sizes come a long, so t h a t  a lm o st an y  
size of b ea rin g  can  be accom m odated  a f te r  a  while.

T he m eta l a f te r  sk im m ing  an d  “  m ix in g  ”  is ru n  
d ire c t from  th e  m eltin g  fu rn ac e , th e  b ea rin g s 
being filled from  th e  b o ttom . T h e  a c tu a l  c a s tin g  
te m p e ra tu re  should  n o t he  h ig h e r  th a n  necessary . 
W ith  th e  p a r t ic u la r  com position  g iv en  prev iously , 
th e  p o u rin g  te m p e ra tu re  in  use  is ab o u t 420 deg. O.
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T h e  low er p o rtio n  o f th e  c a s tin g  is c o o l e d  w ith  a n  
f U  fn r t  in  in s t .  k e o t  s u f f ic ie n t ly

F i g . 1 8 .— “ F o r m e r s  ”  U s e d  i n  F i l l i n g  
B e a r i n g s .

been fo u n d  to  g iv e  p e rfe c tly  c lean  a n d  sound  
b earin g s, w lych m ach in e  u p  w ith o u t  a  m a rk .

T h e  a c tu a l  size of th e  t in -a n tim o n y  cu b es is 
believed to  h av e  a n  in fluence , a n d  th is  m e th o d  of 
filling  gives a n  a v e ra g e  size o f a p p ro x im a te ly  
0.0025 inch , w hich  is co n sid ered  sa t is fa c to ry .

I n  conclusion, th e  a u th o r  d esires  to  ex p ress  h is  
th a n k s  to  M essrs. R . an d  W . H a w th o rn , L eslie  
and  C om pany, L im ite d , fo r  th e i r  k in d  p e rm iss io n  
to  p u b lish  th is  P a p e r .

M r. E . L o n g d e n  asked  w h e th er b e t t e r  re su lts  
would b e  o b ta in e d  b y  r u n n in g  th e  b e a r in g s  fro m  th e  
b o tto m  in s te a d  of from  th e  to p .

M r . L o g a n  s a i d  t h a t  w a s  a c t u a l l y  w h a t  w a s  
done.

M r . F .  J .  C o o k  asked  w h e t h e r  t h e  a u t h o r  h a d  
h a d  a n y  e x p e r i e n c e  o f  w a te r - c o o le d  w h i t e - m e t a l  
b e a r i n g s ,  a n d  w h e t h e r  w a t e r  c o o l i n g  a s s i s t e d  i n  
t h e  f o r m a t i o n  o f  t h e  c u b e s ,  w h ic h  w e r e  s o  e s s e n t i a l .

DISCUSSION.

Water-cooled White-Metal Bearings.
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M r .  L og a n  s a id  i t  h a d  n e v e r  b e e n  t h e  p r a c t i c e  a t  
h is  w o rk s  t o  w a te r - c o o l  a  b e a r i n g  i m m e d ia t e ly  i t  
w a s  c a s t .

M r .  C o o k  s a i d  h e  m e a n t  w a te r - c o o l in g  w h i l s t  
c a s t i n g .

M r. L o g a n  re p lied  t h a t  th e y  h ad  n ev er done 
th a t ,  because  a  c e r ta in  a m o u n t of c o n tra c tio n  o r 
sh rin k a g e  took  p lace an d  th e  b e a r in g  w as p r a c t i 
cally  allow ed to  rem a in  liq u id  a  sh o rt w hile to  
en ab le  feed in g  to  p roceed. I n  h is op in ion  if 
th ey  w ater-cooled  w hile c a s tin g  th e y  m ig h t s ta n d  a 
chance o f g e tt in g  spongy places. They cooled 
w ith  an  a ir-b la s t an d  h a d  t r ie d  w h a t was really  
a  fine w a te r-a n d -a ir  sp ray . I t  was c e r ta in ly  adv is
able to  cool off as b e a rin g  to  re m a in  h o t longer 
th a n  w as necessary  gave i t  tim e  fo r th e  c ry s ta ls  
an d  g ra in  size to  grow . In  h is firm ’s b earin g s th e  
a c tu a l size of th e  t in -a n tim o n y  cubes was 0.06 in . ; 
th ey  d id  n o t w a n t th em  too  la rge . F o r  th e  size 
of b e a rin g  th ey  w ere dea lin g  w ith  he  d id  n o t th in k  
w ater-cooling was essen tia l, an d  these  w ere th e  
la rg e s t m arin e  b earin g s.

M r . C o o k  sa id  t h a t ,  a f te r  2 0  y e a rs ’, experience , 
he  had  fo u n d  t h a t  w ater-coo ling  when c as tin g  was 
of very  g r e a t  im p o rtan ce  in  d ea lin g  w ith  b ea rin g s  
la rg e r  th a n  13 in .,  an d  fo r sm all b e a rin g s , fo r 
h igh-speed  w ork, i t  h a d  been essen tia l. I t  gave  
sounder c a s tin g s  w ith  less po rous p laces a n d  b e tte r  
fo rm atio n  o f th e  cubes.

Temperature Control.
M r . A. C a m p i o n , F .I .C ., sa id  th e  a u th o r  h ad  

finished up w ith  a very  im p o r ta n t  w a rn in g  to  
foundrym en  w ith  re fe ren ce  to  te m p e ra tu re  co n tro l, 
a n d  had  p o in ted  o u t t h a t  te m p e ra tu re , beyond 
ev ery th in g  else, should be m ost ca re fu lly  a d ju s te d , 
or else th e  final re su lt  would be fa ilu re . B u t he 
(M r. C am pion) considered  t h a t  th e  a u th o r  should 
hav e  m en tioned  th e  tim e  fa c to r as well as te m p e ra 
tu re , m ore p a r tic u la r ly  th e  r a te  of cooling, because, 
a f te r  all, one o f th e  m ain  ob jects in  co n tro llin g  
th e  c as tin g  te m p e ra tu re  was a p a r t  from  p re v e n tin g  
o v e rh ea tin g  to  secure  p ro p e r cooling co nd itions. 
The p ro p e rtie s  of m eta ls , and  especially  th e  non- 
fe rro u s alloys, depended  v e ry  m uch upon th e  ra te  
of cooling. T herefo re , M r. L ogan  h ad  done fo u n 
drym en a v ery  good service  in  im pressing  upon  
them  n o t only th e  necessity  for b u y in g  in s tru m e n ts , 
b u t for ac tu a lly  using  them .
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Bottom-Pouring Linings.
M e . A . M a r k s , sp e a k in g  o f b o tto m -p o u rin g  

w h ite  m eta l, s a id  th is  w as a d v o ca te d  b y  q u ite  a  
n u m b er o f people, b u t  w h ite  m e ta l cou ld  be p o u re a  
q u ite  s a tis fa c to r ily  fro m  th e  to p , a n d , a t  th e  sam e 
tim e  i t  could  b e  fe d  from  th e  to p . T he e sse n tia l 
fa c to rs  in  o rd e r  to  h av e  a  c lean  c a s tin g  w ere  a 
th ey  should  p o u r  v e r tic a lly , a n d  allow th e  dross to  
rise . A t th e  N a tio n a l P h y s ica l L a b o ra to ry  th e y  
h a d  m ad e  q u ite  a  n u m b er of e x p e rim e n ts  o n  th e  
p o u rin g  o f a lu m in iu m  a llo y s fro m  th e  b o tto m , 
b u t  p re ssu re -fed  from  th e  b o tto m  of th e  lad le— n o t  
p o u red  from  th e  to p  o f th e  la d le ;  b u t ,  if  they  
t r ie d  to  p o u r  a 2 4 -ft., o r  even  a  20- f t . ,  ]ob from  
th e  b o ttom , th e y  w ould find  th e y  w ere  a g a in s t  
difficulties in  m ore  w ays th a n  on e . T h e  a u th o r  
h a d  m en tio n ed  t h a t  he  h a d  h a d  tro u b le  w ith  a  
b e a rin g  m ade  w ith  one of h is  alloys, a n d  ai m ic ro  
h e  h a d  e x h ib ite d  h a d  show n a  c o p p er c o n s t i tu e n t
 w hich  was a  h a rd  c o n s t itu e n t— s ta n d in g  o u t  in
i ts  so ft m a tr ix . I f  th e  a n tim o n y  c ry s ta l  w as essen 
t ia l  foir th e  job , th e n  e ith e r  th e  a u th o r ’s th e o ry —  
t h a t  a  h a rd  c o n s t itu e n t  in  a so f t  m a t r ix  w as neces
sa ry —w as w rong , o r  th e  b e a r in g  sh o u ld  h a v e  
w orked  p e rfe c tly , b ecau se  th e  e s se n tia l  c o n d itio n s  
w hich he  h a d  c la im ed  fo r  a  b e a r in g , n am e ly , t h a t  
th e re  sh o u ld  be  a  h a r d  c o n s t i tu e n t  in  a so f t  
m a tr ix , w ere p re se n t. H e  (M r. M a rk s) su g g e ste d  
t h a t  th e  tro u b le  was p ro b a b ly  du e  to  th e  p re sen ce  
of l e a d ; anyone  who h a d  b een  re sp o n sib le  fo r  
b e a rin g s  fo r la rg e  jobs knew  th e  tro u b le  t h a t  
m ig h t a rise  w hen th e re  w as lead  p re se n t .  I f  th e y  
to o k  f r ic t io n  te s ts  on  a llo y s c o n ta in in g  lea d , i t  
was fo u n d  t h a t  th e  coefficient of f r ic t io n  ro se  v e ry  
ra p id ly  w ith  th e  p e rc e n ta g e  of lea d . I n  h is  view  
a  b e a r in g  alloy  co u ld  be  m ad e  q u i te  successfu lly  
w ith o u t a n tim o n y  p re se n t. I t  cou ld  b e  m a d e  by  
u til is in g  ju s t  th e  cop p er c o n s t itu e n t,  a n d  o n e  o f 
th e  b e s t  m ethods of d e a lin g  w ith  b e a r in g s  fo r  D iese l 
en g in es  w as to  in c rease  th e  co p p er c o n s t i tu e n t ,  to  
g iv e  a l i t t le  m ore  s tiffness, in  o rd e r  to  en ab le  i t  
to  re s is t  th e  su d d en  im pu lses w hich o c c u rre d  in  
th e  b e s t r e g u la te d  D iesel eng ines. T h en  th e  a u th o r  
h a d  asked  fo r  experien ces on a n n e a lin g  A d m ira lty  
b ronze.

Tensile Strength of Bearing Metals.
A ccord ing  to  th e  th e o ry  e n u n c ia te d  t h a t  m o rn 

in g , which was g e n e ra lly  accep ted — a lth o u g h  he
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p erso n ally  d id  n o t a lto g e th e r  a g ree  w ith  i t—& 
b e a r in g  m eta l shou ld  h av e  a  m in im um  ten sile  
s tre n g th , ow ing to  th e  fa c t  t h a t  th ey  w ere try in g  
to  p u t  in  a  la rg e  n u m b er of th e se  h a rd  spots. 
T hese h a rd  spo ts w ere u su a lly  ve ry  b r i t t le  alloys. 
The m ore t h a t  w ere p u t  in , th e  b e t te r  th e  b ea rin g  
m eta l, b u t  a lso th e  m ore th ey  p u t  in  th e  w eaker 
th e  b e a r in g  m eta l, an d  th e re fo re  fo r a  G ov ern m en t 
D e p a rtm e n t to  ra ise  th e  ten s ile  s tre n g th  figure  to  
16 to n s  was a  rid icu lo u s p ro p o sitio n . H e  re fe rre d  
to  a  p a r t ic u la r  l in e r  which h e  h ad  c a s t  fo r  a 
c ru ise r . T he lin e r was 22 f t .  long an d  som eth ing  
o f th e  o rd e r of 16 in . in  d iam e te r . W hen  te s te d  
i t  w as fo u n d  to  be h a lf  a to n  u n d e r  th e  m in im um  
ten s ile  s tre n g th .  A ccordingly , he  w en t to  an  
officer a t  th e  A d m ira lty  an d  h a d  p o in te d  o u t  t h a t  
th e  l in e r  was a  p e r fe c t one, free  from  ox ide, a n d  
i t  w as a  b e a r in g  m e ta l, b u t  th e  rep ly  w as th a t  
th ey  m u st have  th e  o th e r  h a lf  to n . W ith o u t  th a t  
e x tr a  h a lf  to n , sa id  M r. M a rk s , i t  was a  b e tte r  
b e a r in g  m eta l th a n  w ith  i t .  H ow ever, h e  o b ta in ed  
perm ission  of th e  A d m ira lty  to  an n ea l th e  
lin e r , an d  h a d  b ro u g h t i t  u p  to  o v er 20 
to n s tensile . T h a t  w as accep ted  w ith o u t a  word. 
I t  is now ru n n in g  on  o n e  of th e  la rg e  c ru ise rs , an d  
he  h as n o t y e t h e a rd  t h a t  i t  h a d  w orn o u t. H e  
h ad  n o t th e  s lig h te s t  d o u b t t h a t  th e  lin e r, w ith  its  
low d e lta  c o n s titu e n t, w as g iv in g  as good service  
in  th e  N avy  as was an y  o th e r  job , a n d  th e re fo re  
h e  w as su re  t h a t  th is  th eo ry  o f h a rd  sp o ts  in 
lu b r ic a tin g  m eta ls w as re a lly  r a th e r  rid icu lo u s.

Casting Temperatures.
T here  h a d  been  m uch nonsense ta lk e d  in  scien

tific  societies a b o u t  ca s tin g  te m p e ra tu re s . I n  th e  
fo u n d ry  th e y  h a d  to  d ro p -cas t a m e ta l by  a n y th in g  
from  10 to  20 f t . ,  and  o ne  fo u n d  t h a t  by do ing  
so th e y  b ro k e  u p  th e  oxide a n d  p re v e n te d  i t  
a d h e rin g  to  th e  m ould . G re a t em phasis h a d  been 
la id  u p o n  th e  te m p e ra tu re  o f th e  m e ta l, b u t  he 
h ad  h e a rd  n o th in g  y e t  a s  to  th e  te m p e ra tu re  of 
th e  m ould, th e  a m o u n t o f m o is tu re  in  th e  loam , 
th e  a m o u n t o f v e n tin g , o r  th e  c o n stru c tio n  of th e  
m ould , a ll of which h a d  a  fair m ore  im p o r ta n t  
b e a r in g  on  th e  re su l tin g  c a s tin g  th a n  th e  a c tu a l 
10 o r 20 deg. v a r ia tio n  in  th e  m eta l, on which such 
g re a t  em phasis h a d  been  la id  by v a rio u s  w rite rs .
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M uch c a re fu l w ork  h ad  been  done a t  th e  N a tio n a l 
P h y sica l L a b o ra to ry  on th e  q u estio n  o f c a s tin g  
te m p e ra tu re s . I n  c a s tin g  a  l in e r  th e  m ass of th e  
m o u ld  w as a v e ry  d if fe re n t fa c to r  from  th e  m ass 
o f th e  m eta l. I f  th e  l in e r  w eighed 15 to n s th e  
c ran e , w hen l i f t in g  th e  job o u t  o f th e  p i t  fo r 
o p en in g  th e  m ould , w as l i f t in g  so m e th in g  of th e  
o rd e r  o f  20 to  30 to n s. S u p p o s in g  th e  te m p e ra 
tu r e  o f  th e  co re -d ry in g  o r  m o u ld -d ry in g  s to v es 
w ere 10 o r 20 d eg ., o r  even 100 deg ., low er th a n  
u su a l, i t  was p ro b ab le  th a t ,  ev en  a f te r  g iv in g  th e  
m ould  th re e  d ay s d ry in g , i t  m ig h t n o t be s a t is 
fa c to ry . B u t  th e  A d m ira lty , o r  w hoever r e q u ire d  
th e  lin e r , w an ted  to  g e t  th e i r  sh ip  on th e  w a te r , 
a n d  th e  m an  in  c h a rg e  of th e  o p e ra tio n s  m ig h t  
r isk  i t .  H e  m ig h t h a v e  10 p e r  c e n t ,  excess o f 
w a te r  in  th e  m ould  which h a d  to  be sh if te d , a n d  
he h a d  to  h a v e  excess te m p e ra tu re  in  h is  m e ta l 
in  o rd e r  to  rem ove i t .  ' T h e re fo re  th e y  m u s t  t a k e  
these  s ta te m e n ts  w ith  r e g a rd  to  th e  n ecessity  fo r  
th e  e x a c t m ea su re m e n t o f te m p e ra tu r e  w ith  a 
g ra in  o f sa lt.

Zinc Equivalents and Manganese Bronze.

M r. L o g an  h a d  re fe r re d  to  th e  z inc  e q u iv a le n t  of 
c e r ta in  alloys, a n d  he (M r. M a rk s)  w ould l ik e  to  
know  whose fig u res h e  h a d  ta k e n  fo r  c a lc u la tin g  
th e  z inc  eq u iv a len t. T h e re  w ere v a r io u s  figu res 
av a ilab le , a n d  th e  a u th o r  w ould g e t  1  o r  2 p e r  c e n t , 
d ifference in  h is figu res by u s in g  d if fe re n t p e o p le ’s 
eq u iv a len ts . A g a in , re fe re n ce  h a d  b een  m a d e  to  
th e  “ b lu e-e tch in g  c o n s t i tu e n ts ”  in  m an g a n ese  
b rass ,' a n d  also to  th e  q u es tio n  o f iro n  in  m a n 
ganese  b ra ss . H is  own o p in io n  w as t h a t  i ro n  in  
m an g an ese  b ra ss  w as one o f th e  ch ie f d isa d v a n ta g e s  
o f  th a t  m a te r ia l.  T h e  a u th o r  h a d  g iv en  a  f ig u re  
of 1 p e r  cen t. T h a t  w as q u ite  a  u su a l fig u re , b u t , 
on  th e  o th e r  h a n d , i t  h a d  been  p ro v ed  co n clu siv e ly  
t h a t  0.7 p e r  c e n t,  was a b o u t th e  m ax im u m  w hich  
would go in to  solid  so lu tio n , a n d  even th e n , o n  
a  la rg e  job , th e y  w ere liab le  to  h a v e  tro u b le . I t  
was one o f th e  ch ief cau ses  o f t ro u b le  in  p ro 
pellers. H e  h a d  been ru n n in g  som e e x p e r im e n ta l  
p ro p e lle rs  over a p e rio d  o f s ix  y e a rs , a n d  th is  
q u estio n  of iro n  was a  v e ry  im p o r ta n t  one. H ow 
ever, p ro p e lle r  tro u b le s  w ere l ik e  fo u n d ry  tro u b le s  
in  t h a t  th e re  w as a  g re a t  deal o f  d iffe ren ce  o f 
o p in io n  ab o u t th em .



Bottom Pouring White Metal Bearings.
M r. L o g a n , a f te r  ex p ress in g  h is th a n k s  bo th  to  

M r. C am pion an d  M r. M ark s fo r th e ir  k ind  
rem ark s, re fe r re d  to  M r. M a rk s’ c ritic ism  of 
b r tto m  p o u rin g . W hen  h e  h a d  m en tio n ed  b o tto m  
p o u rin g  in  th e  P a p e r  the w as sp e a k in g  p a r t ic u 
la rly  of w h ite  m eta l. M r. M ark s h a d  also m en
tio n ed  g u n m e ta l, b u t he  d id  n o t  th in k  t h a t  cam e 
in to  th e  d iscussion a t  all. H is  firm  h ad  found, 
t h a t  th e  best m eans of g e t t in g  sound  w h ite  m eta l 
b earin g s w ith  th e  le a s t  tro u b le  w as th e  m ethod  of 
c a s tin g  on  en d  an d  ru n n in g  from  th e  b o ttom , 
an d  he s t i l l  h e ld  t h a t  th ey  could  g e t  q u ite  sound 
b earin g s by d o ing  so, p ro v id ed  th ey  k e p t th e  
head  liq u id  a n d  allowed feed in g  to  ta k e  p lace . 
T he m eltin g  fu rn a c e  th ey  used  m ig h t have 
so m eth in g  to do w ith  th e  soundness th ey
o b ta in e d . T he m e ta l was v ery  c lean , a n d  k e p t
u n d e r  non-ox id ising  cond itions. T h e  on ly  dross 
likely  to  g e t  in to  th e  b e a rin g  w as sim ply t h a t  
fo rm ed  d u rin g  p o u rin g , an d  w as very , v ery  
sm all. The whole of th e  b e a r in g  w as m olten  
fo r a. m in u te  o r  so, a n d  th a t  w as a sufficient
tim e  to  en ab le  a n y  dross in  th e  m a te r ia l  to  come
to  th e  head . As to  th e  th eo ry  of th e  h a rd  con
s t i tu e n ts  in  th e  so ft m a tr ix , M r. M a rk s  d id  n o t 
th in k  t h a t  th e  v e ry  sm all, a n tim o n y  c o n te n t was 
th e  cause o f th e  b e a r in g  fa ilu re  m en tio n ed . 
T h ere  w ere m any  com positions on th e  m a rk e t— 
one of M essrs. S to n e ’s com positions, he  believed, 
c o n ta in ed  ab o u t 15 p e r  cen t, lead , b u t  i t  also con
ta in e d  a co n sid erab le  p ro p o rtio n  of an tim o n y . 
T he m a in  p o in t w as th a t ,  a lth o u g h  th e  co p p er-tin  
d e n d rite s  w ere re la tiv e ly  h a rd , th e  to ta l  a re a  of 
such h a rd  c o n s titu e n ts  w as n o t enough. I n  o th e r 
w ords, th e  C u-Sn  solid so lu tion  h ad  to  be backed u p  
by th e  a d d itio n a l a re a  of th e  an tim o n y  cubes 
also. M r. M ark s h a d  said  t h a t  in c reas in g  th e  
copper c o n te n t was as effective as in c re a s in g  th e  
an tim o n y , b u t he  (M r. L ogan) d id  n o t q u ite  th in k  
th a t .  H e  considered  t h a t  th e  t in -a n tim o n y  cubes 
w ere very  m uch h a rd e r  a n d  w ith  th em  a  b ig g er 
a re a  h a s  a specia l p a r t  to  p lay .

W ith  re g a rd  to  th e  a n n e a lin g  of A d m ira lty  g u n 
m eta l, M r. M ark s was q u ite  c o rrec t in
say ing  t h a t  th e y  could  g e t  a  considerab le
increase  in  th e  ten s ile  s tre n g th  sim ply  by
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a n n e a lin g , possibly, even  a n  e x t r a  4 to ns. F ro m  
a  12- to n  g u n m e ta l t'hey m ig h t eas ily  g e t  16 to n s  by 
a n n e a lin g , b u t  th e  effect o f  a n n e a lin g  was to  
rem ove e n tire ly  th e  a s-ca s t s t r u c tu r e  a n d  to  g iv e  
a  co m ple te ly  hom ogeneous t in - in -c o p p e r  so lid  
so lu tio n . T he T esu lt wae com ple te ly  to  ab so rb  
th e  d e lta  c o n s titu e n t,  an d , o f  co u rse , to  re d u ce  
th e  h a rd n ess , w hich  was a lso  to  re d u ce  t h a t  con
s t i tu e n t  which was v i ta l  to  a good w earin g  b e a r
ing . T h e  l in e r  re fe r re d  to  by  M r. M a rk s  w as 
ru n n in g  sa tis fa c to r ily , becau se  th e  p re ssu re s  in  
use  w ere only a  few  lbs. p e r  sq u a re  inch , b u t  if  
th ey  w an ted  sa tis fa c tio n  fro m  a  h e a r in g  su b je c te d  
to  s tre n u o u s  c o n d itio n s  th e y  m u s t h a v e  th e  d e lta  
c o n s t itu e n t  p re s e n t . in  q u a n ti ty .  A s to  M r. M a rk s ’ 
view t h a t  a  few d eg rees d ifferen ce  in  th e  te m p e ra 
tu r e  o f  th e  m ould , o r a  few  p e r  c e n t,  d iffe ren ce  
in  th e  m o is tu re  c o n te n t, w ould m ak e  m o re  d iffe r
ence th a n  10  o r  20 deg. d iffe ren ce  in  c a s tin g  te m 
p e ra tu re ,  M r. - L o g an  ag reed . I n  g re en -sa n d  
w ork especia lly , th e  d ifferences in  th e  co n d itio n  
of th e  m ould  w ould h a v e  a  v e ry  la rg e  e ffec t ; b u t  
w hen he  was ta lk in g  o f c a s tin g  te m p e ra tu re s  he  
was a ssu m in g  d ry -san d  w ork, w hich w as th e  w o rk  
he w as concerned  w ith  m ain ly . G iven  s im ila r  co n 
d itio n s , c a s tin g  te m p e ra tu re  w as v e ry  im p o r t
a n t,  a n d  i t  shou ld  b e  a tte n d e d  to , ev en  th o u g h  
th e r e  m ig h t be d ifferences w ith  g re en -sa n d  
m oulds.

Iron Content of Manganese Bronze.
W ith  r e g a rd  to  M r. M a rk s ’ re fe re n c e  to  iro n  in  

m an g an ese  b ra ss , a n d  h is  s ta te m e n t  t h a t  0 .7  p e r  
cen t, o f iro n  was th e  m ax im u m  t h a t  w ould go in to  
solid so lu tio n , h e  (M r. L o g an ) w as n o t  p re p a re d  
to  d isp u te  i t ,  b u t  he  h a d  g iv en  1  p e r  c en t, as 
th e  m ax im u m  f o r  g e n e ra l w ork , a n d  h e  
be lieved  t h a t  t h a t  w as low er th a n  som e p eo p le  
w orked  to  a t  p re se n t. Som e m an g an ese  b ra sse s  
on th e  m a rk e t  c o n ta in ed  m ore  th a n  1  p e r  c e n t, o f  
iro n  som etim es 2 p e r  c e n t.— b u t  h e  co n sid ered  
t h a t  1 p e r  cen t, w as q u ite  sa fe . T hey  d id  n o t  g e t  
seg reg a tio n  of th e  “ b lu e  e tc h in g  c o n s t i t u e n t ”  
o r  a g re a t  excess if  th e  iron  w as k e p t  to  ab o u t 
1 p e r  cent.



THE TECHNICAL SIDE OF OIL-SAND CORES.

By C. W. H. Holmes, M.Met. (Member).

I.—INTRODUCTORY.
I t  was th e  w r i te r ’s o rig in a l in te n tio n  to  p re p a re  

a  som ew hat com plete P a p e r  d ea lin g  w ith  th e  p ro 
d u c tio n  a n d  use  o f o il-sand  cores, in  w hich n o t only 
w ould th e  fu n d a m e n ta l p rin c ip le s  h a v e  been 
ex p la in ed , b u t  th e  Tesults o f p ra c tic a l te s ts  w ould 
also h av e  been inc lu d ed  to  su p p o rt or to  r e fu te  th e  
v a rio u s conflicting  s ta te m e n ts  w hich h av e  occurred  
in  th e  te c h n ica l P re ss  re g a rd in g  o il-sand  core p ro 
d u c tio n .

U n fo r tu n a te ly  th is  h a s  n o t  heen  possible, a n d , as 
th é  re su lt,  th e  P a p e r  h as been  d iv id ed  in to  two 
p a r ts ,  th e  first of w hich deals w ith  th e  p rin c ip les  
a n d  p ra c tic e  of th e  su b jec t, a n d  is p re se n te d  fo r 
discussion a t  th is  m ee tin g . T he second  p a r t  w ill 
consist of d a ta  co llected  in  th e  fo u n d ry  a n d  th e  
lab o ra to ry , a n d  w ill be  p re p a re d  w hen th e  w r i te r  
has m ore t im e  a t  h is  d isposal.

T he p a r t ic u la r  o b jec t of th is  P a p e r , o r  a t  least, 
th is  p a r t  of i t ,  is to  ex p la in  th e  “  reason  why ” 
to  th e  p ra c tic a l fo u n d ry m an , a n d  th u s  help  
tow ard s an  u n d e rs ta n d in g  o f a  few  of th e  m any  
prob lem s w hich  a re  m et in  th is  b ra n ch  o f fo u n d ry  
w ork.

I t  h a s  been th e  w r i te r ’s ex p erien ce  t h a t  a tte m p ts  
to  in tro d u c e  o il-sand  cores in to  a  fo u n d ry  e ith e r  
re su lt  in  success o r r a th e r  d ism al fa ilu re , an d  i t  
m ay be well to  s ta te  t h a t  w h ils t such  a  fa ilu re  m ay 
be du e  to  th e  core oil, o r  th e  sand , o r  th e  b a k in g  
eq u ip m en t, o r  to  oneself, th e  fa c t re m a in s  t h a t  by 
c a re fu l th o u g h t a n d  in v es tig a tio n  th e  fa ilu re  is 
m ost c e r ta in ly  trac ea b le  to  o ne  o r  th e  o th e r. T h ere  
is no m agic  a b o u t o il-sand  cores.

G iven su ita b le  co re-b ak in g  eq u ip m en t, every  
fo u n d ry m an  shou ld  be ab le  to  m ak e  o il-sand  cores 
successfully , a n d  th e  p rob lem  th e n  ceases to  be a 
tech n ica l one and  becom es a com m ercial one.
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W ill i t  p a y ?  T h is  is th e  q u e s tio n  w hich  each  
fo u n d ry m an  m u s t d ec id e  fo r h im self. G en era lly  
sp e ak in g , w hen loam  o r  d ry -sa n d  co res a re  re p la ce d  
by o il-san d  cores, th e  in creased  co st of co re-m ak in g  
m a te ria ls  (a n d  possib ly  tac k le )  is m ore  th a n  
covered  by th e  d ecrease  in  lab o u r costs, b o th  on  th e  
core-bench  a n d  on th e  f e t t l in g  floor, a n d  by th e  
d ecreased  p e rc e n ta g e  of d e fec tiv e  cas tin g s .

T he second  q u estio n  w hich  m u s t be faced  is :  I s  
i t  p ra c tic a b le ?  T h ere  a re  som e cases in  w hich  th e  
use o f o il-san d  cores is unw ise, b u t  such  cases will 
be d iscussed  a t  a  la te r  s ta g e  of th e  P a p e r .

II.—THE SAND.
T h e  se lection  of a  su ita b le  s a n d  is e q u a lly  a s  

im p o r ta n t  a s  th e  se lec tion  of a  su i ta b le  core-o il, 
and  i t  m ay  b e  of in te r e s t  to  n o te  t h a t  w h ils t  th e  
rea lly  u n su ita b le  core-oil is u su a lly  ta k e n  off th e  
m a rk e t as th e  re su lt  o f lack  o f b u sin ess , th e  u n s u i t 
able san d  is a lw ays w ith  us. I t  is  o f te n , p e rh a p s ,  
close a t j i a n d ,  a n d  th e  p rice  m ay  be  te m p tin g , b u t  
th e  p ra c tic a l d ifficu lties t h a t  l ie  in  t h e  w ay  o f  im 
p ro v in g  u n su ita b le  sa n d s  by  m ix in g , g r in d in g , 
siev in g  o r  w ash in g  a re  so g r e a t  a s  to  be  u n eco n o 
m ical. I t  is v e ry  d ifficult to  im p ro v e  a n  u n s u i t 
ab le  sand , b u t  i t  is re m a rk a b ly  easy  to  sp o il a 
good one.

W h a t, th e n , is a good san d  ? O bviously  i t  is  t h e  
san d  t h a t  p ro d u ces successfu l cores. W h y  do cores 
m ad e  from  som e san d s p ro d u ce  b low n c a s tin g s?  
W hy a re  cores w eak a n d  f r ia b le  w hen  m ad e  w ith  
c e r ta in  san d s?  W hy has a  p ro p e rly -m ad e  o il-san d  
core such  ex ce llen t v e n tin g  p ro p e rt ie s ?  T hese  
a re  p ra c t ic a l  q u estions, a n d  an  a t t e m p t  w ill b e  
m ade  to  an sw er th e m  a n d  o th e rs  a s  s im p ly  as 
possible.

So f a r  as th e  g en era l ru n  o f g re y  iro n  c a s tin g s  
is concerned , th e  chem ical a n a ly sis  o f  th e  sa n d  is 
a  fa c to r  of so l i t t le  im p o rta n c e  t h a t  we n eed  n o t  
consider i t ,  b u t  fo r  heavy  iro n  c a s tin g s  a n d  fo r  
steel cas tin g s i t  is  im p o r ta n t  t h a t  th e  san d  sh o u ld  
be r e f r a c to r y ; if  i t  is n o t, th e  c a s tin g s  w ill be 
d ir ty  an d  f e t t l in g  costs will be excessive

B ro ad ly  sp e a k in g , th e n , sea san d  o r r iv e r  san d  
o r d u n e  san d  is  used  fo r  core m ak in g  in  th e  iro n  
fo u n d ry  a n d  silica  san d  fo r co re  m ak in g  in  th e  
s tee l fo u n d ry . &

B u t th e re  a re  g r e a t  d ifferences b e tw een  o n e  sea



san d  a n d  a n o th e r , n o t  on ly  in  th e  u n im p o r ta n t  
m a t te r  of chem ical a n a ly sis , b u t  also in  th e  v ita lly  
im p o r ta n t m a t te r  of m ech an ica l an aly sis (or, to  
p u t  i t  m ore  sim ply , size o f g ra in ) .

I f  a  g lass j a r  t h a t  will j u s t  hold  o ne  p in t  is 
ta k e n  an d  filled to  th e  b rim  w ith  m arb les , i t  w ill 
be fo u n d  (p ro v id ed  t h a t  th e  m arb les  a re  a ll th e  
sam e size) t h a t  one is  s t i ll  ab le  to  p o u r in to  th e  
j a r  betw een  o n e -q u a rte r  a n d  h a lf -a -p in t  o f w a ter. 
Now, if  we co n sid er th ese  m arb les to  be  th e  g ra in s  
of san d  in  a  core, h ig h ly  m agn ified , we see t h a t  
th e re  a r e  consid erab le  spaces be tw een  th e  g ra in s  
a long  w hich  th e  gases g e n e ra te d  b y  th e  h e a t  o f th e  
m eta l c an  t r a v e l ; a n d  so long  as th e  p a r tic le s  
a re  ro u n d e d  and  o f re g u la r  size , i t  does n o t m a t te r  
how b ig  o r how sm all th e y  a re , we sh a ll s till  be 
ab le  to  find th e  sam e h ig h  p ro p o rtio n  of spaces.

F o r  in s tan ce , if  we ta k e  a n o th e r  p in t  j a r  an d  
fill i t  to  th e  b rim  w ith  N o. 5 lead  sho t, we sha ll 
s till  be ab le  to  p o u r  in to  th e  spaces betw een  th e  
sh o t as m uch  w a te r  as we cou ld  in  th e  case o f  th e  
m arbles.

B u t  if  we ta k e  a  th i r d  j a r ,  and , h a v in g  filled 
i t  w ith  m arb les , we ru n  in  lead  sh o t o r  o th e r  fine 
m a te ria l  b e tw een  th e  m arb les , we sha ll find t h a t  
we c a n n o t r u n  in  n e a rly  so m uch  w a te r  a s  we 
could in  e ith e r  o f  th e  p rev io u s cases. These sim ple  
e x p erim en ts  show th a t ,  if  i t  is  th o u g h t  d esirab le  
(as, of course, i t  is) to  h av e  th e  m ax im um  a m o u n t 
of spaces in  a  co re  fo r th e  gases to  escape th ro u g h , 
th e re  m u s t be used a  san d  o f re g u la r  g ra in  size. 
The im p o rtan ce  of re g u la r ity  o f g ra in  size is 
especially  im p o r ta n t  in  th e  case o f  fine-g ra in ed  
sands, f o r  th is  reason .

T ak e  th e  case of tw o  sands— a coarse  one w ith  
g ra in s  in . d iam e te r  an d  a  fine o ne  w ith  g ra in s  

in . d ia m e te r ;  gases escap in g  from  a  core m ad e  
from  th e  fine sand  w ill have  g r e a te r  f r ic tio n a l 
re s is tan c e  to  overcom e, because n o t only a re  th e  
spaces be tw een  th e  g ra in s  n a rro w er, b u t  th e re  a re  
tw ice  as m any  tu rn in g s  an d  tw is tin g s  ro u n d  th e  
g ra in s  th a n  in  th e  coarse  sand . H en ce  a sm all 
a m o u n t of very  fine m a te r ia l  m ig h t n o t m a t te r  in 
th e  coarse  sand , b u t  ad d ed  to  th e  a lre a d y  g re a te r  
fr ic tio n a l re sis tan ce  in  th e  finer san d , i t  m ig h t 
cause  tro u b le  th ro u g h  blown castings.
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T h e  ta b u la te d  re su lts  o f  th is  e x p la n a tio n  m ay  be 
c le a r e r : —

Air Frictional V enting  
Type of s a n d .  spaces % ■  r e s i s t a n c e ,  properties.

Coarse regular grain . .  H igh Low Best
F ine „  „ . .  High H igh Good
Irregular grain . .  Low High Bad

T h ere  a r e  sev era l reaso n s why coarse  sa n d s  h a v e  
th e i r  d raw b ack s as well as th e i r  a d v a n ta g e s . T h ey  
do n o t  g iv e  such  a  good sk in  a s  f in e r sa n d s  t o  th e  
ca s tin g , n e i th e r  a re  cores m ad e  fro m  th e m  easy  
to  h a n d le  w hen  m uch  ru b b in g  dow n h a s  to  b e  done , 
a s , fo r  in s tan c e , w hen a  core  is  m ad e  as a  sim p le  
block a n d  is ra d iu se d  off a f te r  b a k in g .

F u r th e r ,  w hen  u s in g  coarse  san d s, th e  w eakness 
o f th e  core in  th e  g re en  s ta te  is a c c e n tu a te d , 
because i ts  s t r e n g th  in  th e  g re en  s ta te  d e p en d s  o n  
th e  n u m b er o f c o n ta c ts  b e tw een  th e  g ra in s  p e r  
sq u a re  inch  (fo r i t  is  on ly  w h ere  th e  g r a in s  to u c h  
th a t  th e y  c an  be  h e ld  to g e th e r) .  O bv iously  t h e  
fin er th e  sand , th e  g r e a te r  th e  n u m b e r  o f  g ra in s ,  
a n d  h en ce  th e  n u m b e r of g ra in  c o n ta c ts  p e r  sq. in . 
of core sec tio n .

R e fe re n ce  to  T ab le  I  w ill m ak e  th is  c l e a r ; i t  
m u st be b o rn e  in  m in d , how ever, t h a t  th e se  f ig u res 
a re  on ly  a p p ro x im a te .

T a b l e  I .— Grain Size and Contact Points o f Sands.
Grain Size. 30 mesh. 60 mesh. 90 mesh. 120 mesh.

Grains per 
cub. in. . .  

Contacts per 
sq .in . . .

240,000

8,000

2,000,000

32,000

6,600,000

72,000

16,000,000

130,000

T h is  w eakness, e n co u n te re d  w hen  u s in g  o oarse  
san d s, is  ve ry  s tro n g ly  m a rk e d  w hen  th e  sa n d  is 
n o t d ried , o r  a t  an y  r a te ,  w hen i t  is a p p re c ia b ly  
d am p, b e fo re  m ix in g  w ith  th e  core-oil a n d  w a t e r ; 
th e  core is “  h eav y  ” a n d  fa lls  re a d ily .

T able  I I  shows th e  m ech an ica l a n a ly s is  o f  th e  
san d  u sed  by  th e  w r i te r  fo r  g e n e ra l w ork . F o r  
v ery  la rg e  cores, th e  san d  m ig h t  be  so m ew h at 
coarse r, a lth o u g h  no difficulty  h a s  b een  e x p e rien c e d  
as re g a rd s  th e  v e n tin g  p ro p e r t ie s ;  fo r  sm all d e li
c a te  w o rk , such  as au to m o b ile  ja c k e t  cores a n d  th e  
like, a finer san d  w ould  be p re fe ra b le .



T a b l e  I I .— Mechanical Analyses of Sea Sand. (.4) 
Metric Grading (Round hole Sieves) ; (B) English 
Grading (Square Mesh Sieves).

(A) (B)

Grade.
Grade Size.

Per
cent. Grade Size.

Per
cent.

Coarse sand . . 1.0 —0.5 mm. nil On 30 mesh nil
Medium ,, 0.5 —0.25 „ 7.60 30— 60 1.50
Pine ,, 0.25—0.10 „ 91.20 60— 90 58,50
Coarse Silt 0.10—0.05 „ 1.00 90— 120 36.70
Pine ,, 0.05—0.01 „ 0.20 Through

120
3.30

Clay 0.01 nil — —

I t  w ill be  n o ticed  t l i a t  th e  r e g u la r ity  o f g ra in  
size is v e ry  m ark ed .

T his p a r tic u la r  san d  is a  sea-sand , a n d  a lth o u g h  
i t  answ ers i ts  p u rp o se  ex ce llen tly  a  w ind  blown 
o r d u n e-san d  is p re fe ra b le  to  a  sea-sand  o r  riv e r-  
sand .

T his is due to  th e  f a c t  t h a t  th e  f r ic t io n  betw een  
th e  g ra in s  as th e y  m ove o ver each  o th e r  in  a ir  is 
g re a te r  th a n  in  w a te r ; hence th e  w ind-blow n g ra in s  
lose th e i r  sh a rp  co rn ers  a n d  becom e ro u n d e d  m ore 
re ad ily  th a n  th e  w ater-w o rn  g ra in s .

R o u n d ed  g ra in s  g ive b e t te r  v e n tin g  p ro p e rtie s  
th a n  a n g u la r  g ra in s , a lth o u g h  g e n e ra l o p in io n  is 
to  th e  c o n tr a ry ;  th is  e r ro r  is p ro bab ly  d ue  to  th e  
in co rre c t use, in  th e  fo u n d ry , o f th e  te rm  
“  sh a rp ,”  which, as g en era lly  used, m eans “  coarse 
a n d  f re e  fro m  clayey m a t te r .”
- A n u m b er o f so-called “  sh a rp  ’ ’ san d s have  
w ell-rounded  g ra in s .

I f  th e  te rm  “  o il-sand  ”  is u sed  to  d en o te  a m ix 
tu r e  o f sa n d  w ith  a b in d in g  a g en t, th e  b asis  of 
which is lin seed  o r a  s im ila r d ry in g  o il, th e n  i t  is 
im p o r ta n t t h a t  th e  san d  should  be “  c le a n ,”  t h a t  
is, i t  should  be free  from  clayey  m a t te r .  I n  th e  
case of such  b in d ers  as re s in s , gum s o r  s im ila r  p ro 
p r ie ta ry  m a te ria ls , th is  is n o t  so im p o r ta n t.

M ix tu re s  o f n a tu ra lly -b o n d e d  san d s a n d  core
oil c an  be bak ed  to  m ake m ore o r  less successful 
cores, a n d  such m ix tu re s  hav e  th e  g r e a t  ad v an 
ta g e  of b e in g  s tro n g  in  th e  g re en  s ta te .  This 
ty p e  o f core, how ever, re q u ire s  m ore o il th a n  
w ould  be used  w ith  a c lean  s a n d ;  h a s  a ten d en cy
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to  be so ft in side , a n d , in  consequence o f th e  e x tr a  
oil c o n te n t a n d  p o o re r v e n tin g  p ro p e r tie s , is m ore 
liab le  to  blow. Also, th e y  a re  n o t  so easy  to  r e 
move from  th e  ca s tin g .

T he e x p la n a tio n  as to  w hy “ d i r ty  ’ ’ o r  n a tu r 
a lly  bonded  san d s re q u ire  m ore  oil th a n  c lean  
san d s will be g iv en  in  th e  sec tion  d e a lin g  w ith  th e  
m ix in g  o f o il a n d  san d  in  o rd e r  to  av o id  r e p e t i 
tio n .

T he old sa n d  from  th e  fe tt l in g -f lo o r  m ay  be 
used  a g a in  in  p ro p o rtio n s  v a ry in g  w ith  th e  
in tr ic a c y  o f th e  c o re ; b u t  g r e a t  c a re  sh o u ld  be 
ta k e n  to  avo id  th e  m ix in g  o f o ld  loam  cores o r  
s im ila r  fine m a te r ia l  w ith  th e  b u r n t  o il sa n d , as 
th is  m ay  (p ro b ab ly  will) choke th e  n a tu r a l  v e n t  
in th e  o il-san d  cores a n d  r e s u l t  in  b low n c a s tin g s . 
The o ld  sand , w ith  i ts  c o a tin g  o f soot, a p p e a rs  to  
cause  less tro u b le  th a n  c layey  san d s, as r e g a rd s  
core-oil co nsum ption .

N o th in g  h as been  sa id , so f a r ,  r e g a rd in g  th e  
use of silica  sands, b u t  th e  fo reg o in g  s ta te m e n ts  
ap p ly  in  g e n e ra l to  sea, r iv e r ,  d u n e  o r  s ilic a  san d s.

I t  re m a in s , how ever, to  w a rn  th o se  w ho p ro p o se  
to  m ix  sea  o r r iv e r  san d  w ith  s ilic a  sa n d  t h a t  
bo th  san d s should  h a v e  s im ila r  sized  g ra in s  i f  th e  
best v e n tin g  p ro p e rtie s  a re  to  be o b ta in e d .

S p e a k in g  g e n era lly , th e  chances of im p ro v in g  
th e  v e n tin g  p ro p e rtie s  o f a n y  sa n d  by  m ix in g  i t  
w ith  a n o th e r  a re  v e ry  s m a l l /  On th e  o th e r  h a n d  
i t  is q u ite  easy  to  p ro d u ce  a n y  n u m b e r  o f m ix 
tu re s  fro m  tw o  sands, each  h a v in g  in fe r io r  v e n t
in g  p ro p e rtie s  to  e ith e r  o f th e  o r ig in a l san d s.

F in a lly , th e  id ea l san d  fo r  o il-san d  co res w ill be 
b rie fly  co n sid e red : —

I t  m u st be m ore  o r  less re f ra c to ry ,  acco rd in g  
to  th e  c lass o f  c a s tin g  to  be  m ade , i t  m u s t be o f 
u n ifo rm  g ra m  size, a n d  i t  should  be free  fro m  
c layey  m a te r ia l  o r  o rg an ic  m a t te r .

III.-T H E  OIL.
Oore oils co n sis t e sse n tia lly  of v e g e tab le  o ils 

w hich  h a v e  th e  p ro p e r ty  o f becom ing stick y , and  
u ltim a te ly  h a rd , w hen exposed to  th e  a ir  T h is 
g ro u p  o f v eg e tab le  oils is know n as th e  “ D ry in g  
Oils, an d  lin seed  oil is th e  b est know n a n d  m ost 
com m only used  m em ber of th e  g ro u p



In  p ra c tic e , th e  linseed  oil is u su a lly  h e a ted  o r 
“  boiled ” to g e th e r  w ith  gum s o r re sin s to  increase  
its  b in d in g  p ro p e rtie s .

S u b seq u en tly  to  th is , m in e ra l oils m ay  be added  
to  red u ce  th e  v iscosity  o f th e  m ix tu re , a n d  m ak e  i t  
e a s 'e r  to  h an d le .

T he follow ing co m b in a tio n  of p ro p e rtie s  is  d e s ir
able in  a  good c o re -o il: —

(1) I t  m u st be m o is tu re -p ro o f; (2) i t  m u st have  
sufficient s tre n g th  w hen g re en  to  en ab le  th e  cores 
to  be  h a n d le d ; (3) i t  m u s t n o t  s tick  to  th e  core 
b o x e s ; (4) th e  v iscosity  m u st be  low en o u g h  to  
en ab le  i t  to  m ix  easily  w ith  th e  s a n d ; (5) th e  fum es 
g iv en  off on  h e a t in g  th e  cores m u s t n o t be 
poisonous o r  o b jec tio n a b le ; (6) i t  m u s t h av e  a  h igh  

film v a lu e ,"  w hich  in  p la in  lan g u a g e  m eans t h a t  
i t  m u s t h av e  th e  p ro p e rty  of b in d in g  a  la rg e  
a m o u n t of san d  to g e th e r ; (7) th e  r a te  of o x id a tio n  
m u st be such t h a t  w h ils t th e  core ta k e s  re ad ily , 
y e t  i t  does n o t becom e s tick y  a n d  crum ble  on th e  
co re-bench ; (8) th e  p h y sical p ro p e rtie s  o f th e  oil 
m u s t be such  t h a t  th e  o il is n o t easily  d ra w n  to  the  
su rface  o f th e  core w h ilst b a k in g , an d  th is  p ro p e rty  
is f a ir ly  com m on w ith  gum  b inders , a n d  re su lts  
in  a  core w ith  a  h a rd  sk in  a n d  a  so ft c e n tre , 
which, if ru b b ed  dow n, is frag ile  a n d  washes 
r e a d i ly ; (9) th e  core m u s t s ta n d  up  a g a in s t a 
reaso n ab le  w ash o f m e ta l ; a n d  (10) a f te r  c a s tin g  
th e  core should  crum ble  re ad ily , an d  th e  sand  ru n  
from  th e  c a s tin g  free ly .

G en era lly  sp eak in g , any  core oil will possess 
one o r m ore of th ese  p ro p e rtie s  in  a m ark ed  
d e g re e ; some core-oils a re  ex ce llen t p ro d u c tio n s, 
h av in g  m any  good p o in ts ; o th e rs  a re  no t.

I t  is m ost re g re t ta b le  t h a t  d u r in g  th e  la s t  few 
y ears  a lm ost every  firm  conn ec ted  e ith e r  w ith  th e  
o il t r a d e  o r  w ith  th e  fo u n d ry  in d u s try  h as seen fit 
to  add  y e t a n o th e r  to  th e  a lre ad y  long l is t  of core- 
oils.

A nd i t  is also c e r ta in  t h a t  m any  o f th em  have  
n e ith e r  th e  re q u is ite  eq u ip m e n t n o r th e  d e ta ile d  
know ledge of fo u n d ry  w ork re q u ire d  in  th e  m an u 
fa c tu re  o f  a sa tis fac to ry  core-oil.

T he cost of a  core-oil should  n o t be confused  w ith  
th e  p rice  p e r  gallon  ; th e  t ru e  cost should  be based 
on some u n i t  q u a n ti ty , say, 100 or one h u n d re d 
w eig h t o f good cores.
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IV.—THE PREPARATION OF THE CORE MIXTURE.
To o b ta in  th e  m o st econom ical a n d  th e  m ost 

s a tis fa c to ry  re su lts , a n d  to  o b ta in  re g u la r ity  in  
th e  m ix tu re  from  d ay  to  day , th e  core  m ix tu re  
should  be p re p a re d  w ith  g r e a t  c a re . T h e  p r e p a r a 
tio n  should  be  d iv id ed  in to  tw o s ta g e s ; f ir s t  th e  
m ix in g  o f th e  coire-oil w ith  th e  w a te r , a n d  second 
th e  in c o rp o ra tio n  o f th is  m ix tu re  w ith  th e  san d .

T h e  core-oil a n d  w a te r  shou ld  be m ix ed  ip  t h e  
re q u ire d  jsrop o rtio n s , u su a lly  v a ry in g  fro m  one 
o f w a te r  to  one o f o il, to  th re e  of w a te r  to  o n e  of 
oil, a n d  th e n  v igorously  a g ita te d  so as to  fo rm  a n  
“  em u lsio n .”

T his em ulsion  consists o f  a  v ery  in t im a te  m ix tu re  
of v ery  sm all g lobules o f oil in  w a te r , a n d  m ay  be  
re a d ily  p re p a re d , e ith e r  as a  m a t te r  o f in te r e s t  
o r  fo r use  in  th e  fo u n d ry  in  sm all q u a n ti t ie s ,  by  
sh a k in g  eq u al p a r ts  o f core-oil a n d  w a te r  in  a  
b o ttle . The b o ttle  should  n o t  b e  m o re  th a n  tw o- 
th ird s  fu ll, a n d  should  be sh a k e n  v ig o ro u sly  fo r 
ab o u t a  m in u te ;  th e  b o ttle  w ill th e n  be seen  to  
c o n ta in  a  yellow  c ream y  liq u id  co n s is tin g  of 
em ulsified oil a n d  w a te r. I n  p ra c t ic e  em ulsifica- 
tio n  is b e st c a r r ie d  o u t  by  tu r n in g  a  j e t  o f  com 
pressed  a ir  in to  a  m ix tu re  o f  core-oil a n d  w a te r .

On s ta n d in g , th ese  em ulsions u su a lly  s e p a ra te  
o u t m ore or less com plete ly  in to  tw o  la y e rs  o f  oil 
an d  w a ter, and  should  be re -m a d e  ju s t  b e fo re  th e y  
a re  re q u ire d  fo r  use.

B efo re  p ro ceed in g  to  d iscuss th e  m e th o d  of 
m ix in g  th is  em ulsion  w ith  th e  sa n d  i t  is ad v isab le  
to  consider b riefly  w h a t h a s  to  be accom plished , 
an d  why.

I f  th e re  is a  h e a p  of san d  w hich h a s  to  be 
m o is ten ed  u n ifo rm ly — an d  i t  is  e sse n tia l in  fo u n d ry  
work t h a t  sa n d  fo r any  p u rp o se  shou ld  be 
u n ifo rm ly  m o is ten ed — th e re  a re  tw o  fa c to rs  w hich 
m u s t be  ta k e n  in to  acco u n t— th e  c h a ra c te r  o f  th e  
liqu id  a n d  th e  q u a n ti ty  to  b e  used.

I t  has a lre a d y  been  show n in d iscu ssin g  th e  co re- 
o il t h a t  i t  is d ifficult to  m ix  stiff, v iscous liq u id s  
sa tis fa c to r ily  w ith  sand , an d , a g a in , th e  liq u id  
m u s t n o t  only b e  flu id , b u t  m u s t hav e  th e  p ro p e r ty  
of easily  w e ttin g  th e  sa n d  g r a in s ; in o th e r  w ords, 
th e  “  su rfa ce  t e n s io n ”  betw een  th e  sa n d  an d  
liqu id  m u st be low.

F u r th e r ,  th e  sm alle r th e  a m o u n t of liq u id ,



g en era lly  sp eak in g , th e  m ore difficult i t  is to  
o b ta in  a  hom ogeneous m ix tu re .

F ro m  th is  i t  is  seen how th e  em ulsion  helps ; 
in s tea d  of t ry in g  to  m ix  o il w ith  w a te r  a n d  to  
c o a t th e  m ix tu re  a ro u n d  th e  g ra in s  of san d  in  one 
o p e ra tio n , oil a n d  w a te r  h a v e  been  m ix ed  u n d e r  
th e  b e s t cond itio n s, an d  h a v e  as th e  re s u l t  a la rg e r  
volum e o f liq u id  w hich has good m ix in g  q u a litie s .

T h e  id ea l m ix tu re  consists, o f course, o f  th e  
th in n e s t  possib le co a tin g  of em ulsion , u n ifo rm ly  
sp re ad  a ro u n d  each  a n d  every  g ra in  o f san d , t h a t  
will g iv e  th e  re q u is ite  s t re n g th  in  th e  finished 
core.

Som e id ea  of th e  a re a  to  he  covered  by th e  oil 
in  1 cw t. o f sa n d  a n d  th e  th ick n ess, o r r a th e r  th e  
th in n ess , o f  th e  o il co a tin g  m ay be g a th e re d  from  
T ab le  I I I .

T a b l e  I I I .— Surface to be covered with Oil in T Cwt. of Sand

Grade. 30 60 90 120

T otal surface (sq. 
f t .)  in 1 cwt. 
sand 3,150 5,070 9,100 13,740

Thickness of oil 
film (ins.) using 
1 : 40 of oil 0.00011 0.000058 0.000033 0.000025

As a  m a t te r  o f fa c t,  so soon as m ix in g  ceases 
a n d  th e  g ra in s  o f san d  a re  a t  re s t  th e  liqu id  
c o a tin g  is  no longer u n ifo rm ly  sp re ad  over th e  
g r a in s ; i t  is d ra w n  to w ard s  th e  p o in ts  o f c o n ta c t 
be tw een  th e  g ra in s  w here, o f course, i t  is 
req u ired .

H ow ever, if  th e  fo u n d ry m an  succeeds in  sp re ad 
in g  th e  c o a tin g  un ifo rm ly  th e  n a tu r a l  fo rce  know n 
as “  su rfa ce  ten s io n  ”  will look a f te r  th e  d raw in g  
u p  o f th e  liq u id  to  th e  g ra in  co n ta c ts  w ith o u t 
f u r th e r  a ssistance .

Methods of Mixing Sand and Oil.
T u rn in g  now to  th e  m ethods av ailab le  fo r  m ix in g  

th e  em ulsion  a n d  th e  sa n d  w ith  a  view  to  o b ta in 
in g  th e  idea l m ix in g  described  above, an y  of th e  
fo llow ing m eth o d s can  be  used : —-(1) H a n d  m ix in g  ;
(2) m echan ical r i d d le ; (3) p a n  m i l l ; (4) c e n tr i
fu g a l m ix e r ;  a n d  (5) p ad d le  m ixer.

'M ethod (1 ) is fa ir ly  good if  care  is t a k e n ; i t  is,



180

of course, costly  w here  m u ch  s a n d  h a s  to  be 
m ixed , a n d  th e  o il c o n te n t of th e  m ix tu re  c a n n o t 
be c u t down to  a  m in im u m  w here  th is  m e th o d  is 
em ployed. T he m ix tu re  is also lik e ly  to  v a ry  
fro m  d ay  to  day , a n d  if  v iscous b in d e rs  a r e  used  
is liab le  to  be h e te ro g en eo u s, c au s in g  w ashes a n d  
scabs.

M ethod  (2) is  s lig h tly  b e t te r  th a n  (1), b u t 
m ech an ica l r id d le s , l ik e  h a n d  r id d le s , a r e  of l i t t l e  
use fo r  a n y th in g  e x c e p t re m o v in g  sto n es  a n d  
scrap .

M ethod  (3) is n o t ad v isab le , p r im a r i ly  becau se  
th e re  is m o re  th a n  a r isk  o f g r in d in g  th e  sa n d  a n d  
th u s  im p a ir in g  th e  v e n tin g  p ro p e r t ie s ;  second ly , 
v ery  few  fo u n d rie s  can  k eep  a  p a n  m ill solely fo r 
m ix in g  o il-san d , w h ilst i f  th is  is n o t  done e i th e r  
som e clayey m a te r ia l  is  p ick ed  u p  from  th e  m ill 
o r  else a  m an  h as to  c lean  i t ;  a n d  th e  c le an in g  of 
th e  a v erag e  p a n  m ill, b e in g  a  le n g th y  m a t te r ,  
costs m oney.

M ethod  (4), lik e  m eth o d  (3), h a s  been  t r ie d  b y  th e  
w rite r ,  a n d  is  fa ir ly  successfu l a f t e r  a  p re lim in a ry  
h a n d  m ix in g . I t  does n o t ,  how ever, seem  to  be  a n  
id ea l m ethod , e sp ecially  w hen old s a n d  is u sed  in  
th e  m ix tu re , a s  th e  old san d  c o n ta in s  m a n y  g ra in s  
which h a v e  been  c rac k ed  by th e  h e a t  o f  p re v io u s  
casts , a n d  a re  lia b le  to  be b ro k en  u p  in  th e  c e n t r i 
fu g a l m ix e r. S an d  g ra in s  a re  c e r ta in ly  c rac k ed  
by h e a t, an d  th e  w r i te r  h as show n elsew here* t h a t  
c e n tr ifu g a l m ix in g  does b re a k  u p  th e  san d  s lig h tly , 
b u t  in  th is  p a r t ic u la r  co n n ec tio n  no  d a ta  a re  to  
h an d . T he su g g estio n  is  p u t  fo rw a rd  on ly  as a 
p ro b a b ility . C e n tr ifu g a l m ix e rs  te n d  to  becom e 
choked by th e  core m ix tu re  d ry in g  a ro u n d  th e  
steel s tu d s  w ith  re p e a te d  use.

M eth o d  (5), p ro v id ed  t h a t  th e  p a d d le  m ill is 
d esigned  to  g ive a  k n e a d in g  o r  sp re a d in g  a c tio n  to  
th e  san d , p re sen ts  a d v a n ta g e s  o v er a n y  o f th e  
fo u r  p rev io u s  m e th o d s ; i t  te n d s  to w a rd s  p e r fe c t  
a n d  r a p id  d is tr ib u tio n  o f th e  o il (o r em u lsio n ). 
H ence  i t  is p ro b ab le  t h a t  less oil c a n  be  u sed  to  
g ive  as good re su lts  as w ere  p rev io u s ly  o b ta in e d  
by h a n d  m ix in g ; th e re  is  no  ch an ce  o f g r in d in g  
u p  th e  san d  g ra in s  as in  th e  p a n  m ill o r  c e n t r i 

* “ J .I .S .I .” 1922. N o . 2 . An In vestigation  on th e  F actors  
nnuencing th e  Grain and B ond in M oulding Sands.



fu g a l m ix e r ; an d  th e  lab o u r re q u ire d  consists 
sim ply  in  lo ad in g  a n d  u n lo ad in g  th e  m ixer.

W h erev er th e  o u tp u t  o f o il-sand  cores is con
sid e rab le , th e  p ad d le  m ix er will p rove to  be th e  
m ost efficient an d  econom ical m ach ine.

Should Sand be Dried before Mixing.
The su b je c t of m ix in g  can n o t be  d ism issed  w ith 

o u t  re fe re n ce  to  th e  som ew hat vexed  to p ic  con
c e rn in g  th e  use o f d r ie d  sa n d  o r m oist sand .

W h ils t i t  w ould a p p e a r  a t  f irs t s ig h t to  b e  r a th e r  
foolish to  d ry  san d  and  th e n  m oisten  i t  a g a in , 
y e t  th e re  is a  g r e a t  deal to  be sa id  fo r th is  p ra c tic e .

L eav in g  o u t  of th e  q u estio n  sa n d  received  in  
such a  w et s ta te  t h a t  i t  co n ta in s  m ore m o is tu re  
th a n  is d esired  in  th e  co re-m ix tu re  (fo r  su ch  sand  
will u su a lly  cost m ore in  w asted  t im e  and  
m a te ria ls  th a n  i t  w ould cost to  d ry  i t) ,  i t  w ill be 
considered  w hy one should , o r  should  n o t, d ry  th e  
sand .

T h e  p r in c ip a l a rg u m e n t in  fa v o u r of n o t d ry in g  
th e  sand  is t h a t  i t  is  less tro u b le .

So i t  is, on th e  face  o f i t ,  b u t  w hen exam ined  
m ore closely i t  is fo u n d  t h a t  a  b u c k e tfu l, o r  a 
b a rro w fu l, o r  a  m ix e r fu ll, o r  w h a tev e r m easure  is 
used, o f d ry  sa n d  c o n ta in s  m o re  g ra in s  of sand  
th a n  i t  does o f w et sand .

T h is  m ay n o t sound  convincing , b u t  i t  can  be 
proved  by an yone  who ca re s to  fill a  b u ck e t w ith  
w et sea  san d , shake  i t  down by b u m p in g  th e  
b u ck et on th e  floor, p u t  i t  in  th e  stove u n til  i t  is 
th o ro u g h ly  d ry , and  th e n  bum p i t  on  th e  floor 
ag a in .

The b u c k e t w ill no lon g er be fu ll o f sand , b u t  
p robab ly  som ew here ab o u t th re e -q u a r te rs  fu ll.

So th a t  th e re  is  n o t th e  sam e a m o u n t o f sand  
in  a  b u c k e t o f wre t san d  as in  a  b u ck e t of d ry  
s a n d ; th e re  is less su rface , and  hence T equire less 
o il to  co a t i t  w ith . I t  follows t h a t  if  one is u sing  
san d  in  th e  raw  s ta te  on e  is e ith e r  u s in g  an  excess 
of o il as an  in su ran ce  a g a in s t  th e  sand  be ing  
d r ie r  th a n  u su a l, o r  is ru n n in g  th e  r isk  o f h av in g  

• a  b a tc h  of w eak cores.
To en su re  econom y in  oil consum ption  a n d  to  

en su re  re g u la r ity  in  th e  core-shop p ro d u c t from  
day to  day , i t  is b e t te r  p ra c tic e  to  p re -d ry  th e  
sand .
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V —THE BAKING OF OIL-SAND CORES.
S tr ic t ly  sp eak in g , o il-sand  co res a re  b ak ed  r a th e r  

th a n  d r ie d ;  as w ill be e x p la in e d  la te r ,  th e re  is 
m ore  in  th e  process th a n  sim p le  e v a p o ra tio n .

I t  w ould be m uch  e as ie r  to  w rite  a  book on  tn e  
b a k in g  o f o il-san d  cores, d e a lin g  w ith  th e  p rocess 
com ple te ly , th a n  to  a t te m p t  to  com press a n  ex 
p la n a tio n  o f th e  p rocess in to  a  few  lines.

Suppose  t h a t  th e re  is  a  to n  o f o il-san d  cores, 
c o n ta in in g  5 p e r  c e n t,  o f m o is tu re  a n d  1 p e r  c e n t ,  
o f o il by w e ig h t ; th e re  is a  h u n d re d w e ig h t o f  w a te r  
to  h e a t  up  to  i ts  bo ilin g  p o in t,  to  e v a p o ra te , a n d  
ov er an d  above th is ,  th e re  h a s  to  be  su p p lied  th e  
e n erg y  re q u ire d  to  l i f t  th is  w e ig h t o f  w a te r  v a p o u r  
o u t o f th e  stove.

As a m a t te r  o f f a c t  th e  whole o f th is  w a te r  could  
be e v a p o ra te d  w ith o u t  h e a tin g  th e  s tove  up  to  
b o ilin g  p o in t  (212 deg. F .) .  I t  co u ld  be  d o n e  by 
ta k in g  a d v a n ta g e  o f th e  fa c t  t h a t  a i r  a t  a ll te m 
p e ra tu re s  w ill ho ld  a  c e r ta in  a m o u n t o f m o is tu re , 
an d  th e  h o t te r  th e  a ir  th e  m o re  m o is tu re  i t  c an  
c o n ta in .

B u t as a  cub ic  fo o t of a ir  below  212 deg. F .  
(100 deg. C.) c a n  on ly  c o n ta in  a  c o m p a ra tiv e ly  
sm all a m o u n t of m o is tu re , o n e  w ould  h a v e  to  p a ss  
such  an  en orm ous n u m b er o f cub ic  f e e t  o L  w arm  
a ir  th ro u g h  th e  stove t h a t  th e  t im e  ta k e n  a n d  
th e  fuel consum ed w ould  be  excessive.

T h is  m eth o d  o f m o is tu re  e v a p o ra tio n  o p e ra te s  to  
some e x te n t  w h ils t th e  stove is h e a t in g  u p , b u t  as 
h as been  p o in te d  o u t, i t  is  n o t  econom ica l to  h a v e  
a  la rg e r  volum e of a i r  th a n  is n e ce ssa ry  to  h e a t  
u p  th e  stove p a ss in g  th ro u g h  a t  th is  p e rio d .

W hen th e  stove h as re ac h ed  a  te m p e ra tu r e  o f 
212 deg. F .  (100 deg. C.) a  new  se t o f c irc u m s tan c es  
a rise . T he w a te r  is now  ra p id ly  e v a p o ra te d , a n d  
occupies a  v e ry  g r e a t  v o lum e; th e  h u n d re d w e ig h t  
of w a te r  from  th e  to n  o f cores w ill occupy  3,000 
cub. f t .  w hen com plete ly  e v a p o ra te d ;  en o u g h  to  
fill a s tove  30 f t .  x 10 f t .  x  10 f t .

B u t  as i t  re q u ire s , ro u g h ly , five a n d  a  h a lf  tim e s  
as m uch  h e a t  to  e v a p o ra te  th e  w a te r  in  th e  co res 
as i t  does to  h e a t  th e  sam e a m o u n t o f w a te r  fro m  
th e  cold s ta te  up  to  bo ilin g  p o in t,  th e re  is a r a th e r  
heavy  d em an d  fo r  h e a t  a t  th is  p e r io d , a n d  th e  
stove te m p e ra tu re  r ise s  very  slowly, esp ec ia lly  if  
i t  is well filled w ith  cores.



D u rin g  th is  p e rio d  in  th e  h e a tin g  o f th e  stove 
th e re  is a ten d en cy  fo r  th e  m o is tu re  to  he ev ap o 
ra te d  a t  one p a r t  of th e  stove an d  th e n  become 
slig h tly  cooled a n d  condense to  a  heavy  fog, which 
fa lls  to  th e  b o tto m  o f th e  stove.

(This c a n  be observed  in  m an y  o ld-fash ioned , 
n a tu ra l-d ra u g h t,  stoves, especially  if  th e  door is 
lif ted  a f ra c tio n  o f an  inch  to  a d m it cold a ir  to  
th e  floor.)

In  th e  w r i te r ’s o p in io n  i t  is th is  s ta g e , in  th e  
d ry in g  of cores g en era lly , t h a t  h a s led to  th e  m any  
h e a ted  co n tro v ersies which have  ra g e d  a ro u n d  th e  
q u estion  as to  w h e th e r th e  e x h a u s t flues should 
be a t  th e  top  o r a t  th e  b o tto m  o f th e  stove. T he 
“  fog ”  is so heavy  th a t  i t  re q u ire s  a considerab le  
a m o u n t o f en erg y  in  th e  fo rm  of d ra u g h t  to  l i f t  
i t ,  w h ilst i t  is difficult to  ev ap o ra te , because o f te n  
only th e  to p  su rface  of th e  “  f o g ”  com es in  con
ta c t  w ith  th e  h e a t.

T his m a t te r  w ill be re fe r re d  to  la te r  in  connec
t io n  w ith  stove design .

Sooner o r  la te r  th e  bu lk  o f th e  m o is tu re  is 
e v ap o ra te d , an d  th e  te m p e ra tu re  of th e  stove rises 
to  such an  e x te n t  t h a t  f u r th e r  co n d en sa tio n  c an n o t 
ta k e  p la c e ; u n d e r  su itab le  co n d itio n s th e  re m a in 
ing m o is tu re  is th e n  easily  e v ap o ra te d .

I f  a t  th is  s tag e  an  o il-sand  core is rem oved fro m  
th e  stove i t  is a p p a re n t  t h a t  i t  h a s  s tiffened  con
siderab ly , b u t  i t  is s till  so ft an d  stick y , a n d  q u ite  
un lik e  th e  d esired  p r o d u c t ; i t  h a s  been  d ried , b u t  
n o t b a k e d ; th e  p h y sica l change  of e v ap o ra tio n  h a 6 
ta k e n  p lace, b u t  th e  chem ical ch an g e  of o x id a tio n  
of th e  core-oil h as h a rd ly  s ta r te d .

In  o rd e r t h a t  th is  chem ical change  sha ll ta k e  
place  w ith  sufficient ra p id i ty  fo r  com m ercial re 
q u irem en ts , th e  h e a t  m u st be ra is e d  to  a te m p e ra 
tu re  v a ry in g  be tw een  350 deg. F . and  500 deg. F .  
(176 deg. C. an d  260 deg. C.).

The in tr ic a te  chem ical ch an g es ta k in g  place 
u n d e r  these  cond itions c an n o t be discussed here, 
b u t  th e  o il is g ra d u a lly  co n v erted  in to  a h a rd , 
resin -lik e  body, a n d  a t  th e  sam e tim e  absorbs ab o u t 
<one-fifth of its  w eigh t of oxygen.

T h is  oxygen can  only be su p p lied  by  a tm o sp h eric  
a ir ,  hence we see t h a t  if  th e  cores a re  to  be b ak ed  
Jiai’d  an d  stro n g , th e  “ foggy ” a tm o sp h e re  (which
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c a n n o t supp ly  th e  o x ygen) m u s t be re p la ce d , n o t 
by  b u r n t  a ir  w hich h a s  passed  th ro u g h  a coke fire, 
b u t  by  h o t, u n b u r n t  a i r  w hich  h a s  p assed  e ith e r  
o ver o r  ro u n d  th e  fire.

In  p ra c tic e , th e  o il is n o t  co m ple te ly  ox id ised , 
th e  ab so lu te  com ple tion  b e in g  a  slow a n d  u n n eces
sa ry  p ro c e d u re ; w h a t shou ld  h a p p e n  is t h a t  th e  
o il should  be n e a r ly  com plete ly  o x id ised  to  g iv e  th e  
core  -s tre n g th , a n d  th e n  th e  r e s u l ta n t  re s in o u s  
bodies should  be s ti ll  f u r th e r  h e a te d  u n t i l  th ey  
beg in  to  be  s lig h tly  c h a rre d . B y th is  m ea n s  is 
p ro d u ced  a  core w hich h as a lm o st th e  m ax im u m  
s tre n g th ,  coupled  w ith  th e  m in im u m  g a s  c o n te n t.

As a  re su l t  o f th is  b r ie f  su rv ey  i t  is seen  t h a t  
th e  b a k in g  o f a n  o il-san d  core m ay  b e  d iv id e d  in to  
five s tag es  H e a t in g  u p  a n d  s lig h t e v a p o ra 
tio n  ; (2) m o is tu re  e v a p o ra tio n  ; (3) h e a t in g  u p  th e  
d r ied  c o re ; (4) o x id a tio n  of th e  c o re -o il; a n d  (5) 
s lig h t c h a rr in g  o f th e  r e s u l ta n t  re s in .

Choice of Stoves.
The sim ple  n a tu r a l - d r a u g h t  stove , w ith  a  door 

a t  on e  en d  a n d  a firebox a t  th e  o th e r , leaves m uch  
to  be  desired , b o th  as r e g a rd s  c o n tro l a n d  fu e l 
econom y w hen  d ry in g  cores, e sp ec ia lly  o il-san d  
cores.

A stove w o rk in g  u n d e r  fo rced  d r a u g h t  w ith  
e i t h e r : — (a) A sole flue, e n su r in g  a h o t  floor, o r 
\b) a  la rg e  flue a re a  a t  floor level, a n d  a h o t  ch im 
ney  stack  to  l i f t  th e  m o is tu re  o u t  o f  th e  s to v e , is 
w h a t is re q u ire d .

T he flue a r ra n g e m e n ts  sho u ld  be su ch  t h a t  a ir  
c a n  be passed  ov er o r th ro u g h  th e  fire  a t  w ill, so 
t h a t  h o t f re e  o xygen  can  be su p p lied  to  th e  cores 
w hen d es ired  a n d  so t h a t  th e  te m p e ra tu r e  c a n  be 
qu ick ly  ra is e d , w hen re q u ire d , b y  b lo w in g  a i r  
th ro u g h  th e  fire.

T he core oven  m ay  be h e a te d  b y  coke, g as, o il 
o r  e le c tr ic ity , each  fu e l h a v in g  i ts  ow n a d v a n ta g e s  
a n d  d isa d v an tag e s .

T e m p e ra tu re  co n tro l, w ith  g a s  o r o il is eas ilv  
effected, b u t, g e n e ra lly  sp e ak in g , cost o f fu e l  p e r  
h u n d re d w e ig h t o f  cores b ak ed  is in  excess o f  coke 
w hen b u rn t  in  a  m o d ern  stove. I t  m u s t also  be 
rem em bered  t h a t  w ith  to w n ’s g as o r  o il, th e  com 
b u stio n  of th e  h y d ro g en  re su lts  in  a h ig h  m ois
tu r e  c o n te n t m  th e  h o t g ases : th is  m o is tu re  m ay



condense in  a  cold stove a n d  hav e  to  be  re -evapo- 
r a te d  subsequen tly . T h e  gases from  th e  com bus
tio n  of coke, on  th e  o th e r  h a n d , c o n ta in  on ly  a 
n eg lig ib le  a m o u n t of m o is tu re .

A p a r t  from  th e  cost o f c u r re n t ,  w hich  in  th e  
m a jo r ity  of cases is p ro h ib itiv e , e lec tr ic  core 
b a k in g  h as d is t in c t  p o in ts  in  i ts  fa v o u r. I t  is 
c lean  an d  u n d e r  com plete  c o n tro l;  i t  is e ssen tia l, 
how ever, to  p ro v ide  some m eans fo r e x h a u s tin g  th e  
m oist a ir  from  th e  stove d u r in g  th e  d ry in g  period  
a n d  c irc u la tin g  h o t fre sh  a ir  d u r in g  th e  o x id a tio n  
p eriod .

P e rso n a lly , th e  w r i te r  is in  fa v o u r o f a coke-fired 
stove w ork ing  u n d e r  fo rced  d ra u g h t,  a n d  so 
a r ra n g e d  t h a t  th e  a ir  can  be passed  e ith e r  th ro u g h  
o r over th e  fu e l bed.

The p r in c ip a l e x h a u s t flues should  he u n d e r  th e  
floor of th e  stove, a n d  th e  flues should  be so 
a r ra n g e d  th a t  h o t gases m ay be by-passed  from  
firebox to  ch im ney  stack , so t h a t  th is  m ay  be 
h e a te d  and  capab le  of l if t in g  th e  m oist gases from  
th e  e x h au s t flues.

VI—THE FINISHED CORE.
T he finished co re  consists e ssen tia lly  of sand  

g ra in s , a  resinous bond , an d  a i r  spaces. W hen 
p ro p e rly  m ade an d  b aked , an  o il-sand  core com 
bines h ig h  s tre n g th  w ith  m ax im u m  p e rm e ab ility , 
or, in  p ra c tic a l te rm s, ve ry  good v e n tin g  p ro p e r
tie s . P ro v id e d  t h a t  a  good oil h a s been used, th e  
core will also h av e  th e  ad d ed  a d v an tag e s  of re q u ir 
in g  less core-irons, w h ils t i t  will n o t abso rb  m ois
tu r e  from  th e  m ould ; th is  is a h igh ly  im p o r ta n t  
p o in t w here  lig h t in tr ic a te  cas tin g s  a re  m oulded 
in  g re en  sand .

Now, befo re  con sid erin g  th e  effect o f th e  h e a t  
of th e  m olten  m eta l upon  th e  core, i t  m ay  he of 
a ss is tan ce  to  co n sid e r th e  reason  w hy o il-sand  
cores a re  less liab le  th a n  th e  g en era l ru n  o f cores 
to  p ro d u ce  blown castings, -to gether w ith  th e  p r in 
ciples u n d e rly in g  “  core-blow s.”

W hen  m olten  m eta l is ru n  a ro u n d  a core— any 
k in d  of core— th e  a ir  in  th e  core e x p an d s  a t  once 
an d  seeks an  o u t le t ;  a t  th e  sam e tim e , an y  m ois
tu r e  in  th e  core  is co n verted  in to  s team , an d  in 
do ing  so ex p an d s consid erab ly , w h ilst sim u l
tan eo u sly  th e  h in d er, w h e th er c lay  in  a  d ry -sand  
core o r  re sin  in  a n  o il-sand  core, decom poses and  
g e n e ra te s  gas.
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T h is g e n e ra tio n  o f gas com m ences a t  th e  su rfa c e  
of th e  core a n d  e x te n d s  in w a rd s  as th e  h e a t  p e n e 
t r a te s  to  th e  c e n tre . I t  n a tu ra l ly  c re a te s  a 
g re a te r  p re s su re  in  th e  core  th a n  th e  e x te rn a l  
p re ssu re  o f th e  a tm o sp h e re , a n d  th e  gases seek 
a n  o u tle t .  Two o u tle ts  a re  a v a i la b le : t h e  f irs t is 
th ro u g h  th e  a i r  sp aces (between th e  g ra in s  of sa n d , 
possibly in to  a n  a rtif ic ia l v e n t a n d  o u t  in to  th e  
a i r  a t  th e  p r in t  end  of th e  c o r e ; th e  o th e r  o u t le t ,  
as is  well know n, b e in g  th ro u g h  th e  m e ta l. T h is  
l a t t e r  co u rse  m ay  re su lt  in  a  blown c a s tin g  o r  i t  
m ay  n o t ;  as a  m a t te r  o f  fa c t,  f a r  m o re  cores -blow 
th a n  m an y  fo u n d ry m en  c a re  to  believe, b u t  ow in g  
to  th e  f a c t  t h a t  h o t  m o lten  c a s t  iro n  is a n  accom 
m o d a tin g  s o r t  o f  m e ta l w ith  a  co n sid e rab le  r a n g e  
of f lu id ity  o r  sem i-flu id ity , i t  o f te n  re m a in s  -molten 
u n til  a f te r  th e  blow h a s  sub sid ed , a n d  a  so u n d  
c a s tin g  re su lts .

S h o u ld  an y o n e  d o u b t th e  above s ta te m e n t ,  le t  
th e m  c as t a few  of th e i r  m ou lds fu lly  co red  up  
b u t  leav in g  off th e  c o p e s ; a  d ry -sa n d  core  o f  la rg e  
bu lk  in  r e la tio n  to  th e  a re a  o f  th e  p r in ts  sh o u ld  
be chosen fo r p re fe re n ce , a n d  th e  m o u ld  sh o u ld  be 
slowly filled, so t h a t  th e  v a r io u s  s ta g e s  m ay  be  
m ore  closely w atch ed . T h e  d e te rm in in g  fa c to rs  
as to  w h e th e r th e  gases w ill t r a v e l  th ro u g h  th e  
core o r  th ro u g h  th e  m e ta l a re  t h e s e :— (1 ) T he 
volum e o f gases g e n e ra te d  a t  a n y  t im e ;  (2) th e  
re s is tan c e  offered by  th e  co re  to  th e  flow o f th e s e  
g a se s ; a n d  (3) th e  h ead  of m o lten  m e ta l above th e  
core.

Now, th e  m o lten  m eta l e x e r ts  a  p re s su re  o f 4 ozs 
p e r  sq. in . fo r  each  in ch  of d e p th , so t h a t  i f  th e r e  
is a  core w ith  h a lf  an  inch  o f m o lten  m e ta l above 
i t ,  th e  back  p re ssu re  o f th e  gas in  th e  co re  h a s  
only  to  exceed  2 ozs. p e r  sq. in . p re s su re  to  l i f t  
th e  m eta l an d  blow th ro u g h  i t .  I f  th e  h e ig h t  of 
p e t a l  above th e  co re  w ere  six  inches, th e  p re ssu re  
in sid e  th e  core cou ld  r ise  to  1 .5  lbs. p e r  sq. in . 
before  tro u b le  o ccu rred .

H ow ever, th e  h e ig h t  o f m e ta l above th e  co re  is 
o f te n  e ith e r  beyond  n o rm al co n tro l o r  ex p en siv e  
to  co n tro l, so t h a t  fo u n d ry m en  should  t u r n  th e i r  
a t te n tio n  r a th e r  to  th e  p ro d u c tio n  o f  co res  t h a t  
w ill g e n e ra te  as l i t t le  gas as possib le to g e th e r  w ith  
th e  b est possib le v e n tin g  p ro p e rtie s , so a s  to  allow

is gas to  escape. As h as been  e x p la in e d  th e  
p ro p e rly -m ad e  o il-sand  core  com bines th e s e ’ p ro 

p e r tie s  m  a  m ark e d  degree .



T u rn in g  now to  th e  in fluence  o f h e a t  u p o n  th e  
core, th e  p ro g ress of th e  core  fro m  th e  w eak  g reen  
cond ition  to  th e  s tro n g  s ta te  a f te r  b a k in g , in  
w hich  th e  g ra in s  a re  securely  he ld  to g e th e r  by a  
s tro n g  resin o u s su b stan ce, h a s  a lre ad y  been 
d e ta ile d . T his re s in o u s  bond  b re ak s  dow n w hen it  
is h e a ted  by  th e  m o lten  m eta l in to  w a te r  v a p o u r ; 
a  m ix tu re  o f gases c o n ta in in g  c a rb o n ; a re sid u e  
co n sistin g  m ain ly  of carbon , an d  a  c e r ta in  a m o u n t 
o f soo t p ro d u c ed  by  th e  decom position  of some of 
th e  gases.

S ev e ra l th in g s  w ill be no ticed  on  w a tch in g  m eta l 
c as t a ro u n d  a n  o il-sand  c o re ; in  th e  f irs t p lace, a t  
th e  m om ent th e  v e n t fires th e  flam e w ill be  b lue, 
b u t w ill c h an g e  ra p id ly  to  a w h ite , sm oky flam e. 
T he b lue  flam e deno tes com ple te  com bustion , th e  
a i r  fo r  w hich  is p ro v id ed  by t h a t  ex is tin g  in  th e  
p o res o f th e  c o re ; so soon as th is  is ex h au s te d , th e  
w hite, sm oky flam e ap p ea rs , d e n o tin g  th a t  th e  
pores o f th e  core a re  now filled w ith  escap ing  gas.

A n o th e r in te re s t in g  fa c t is t h a t  o il-sand  cores 
m ay, in  m an y  cases, be  used w ith o u t h a v in g  been 
b lacked  a n d  y e t  th e  c a s tin g  show s a  good s k in ; 
w hereas, h a d  a  d ry -san d  core been  used  u n d e r  
s im ila r  c ircum stances, i t  w ould a lm o st c e r ta in ly  
h ave  b u rn t-o n . T he reason  fo r  th is  lies in  th e  
f a c t  t h a t  th e  re s id u e  from  th e  o il behaves som e
th in g  a f t e r  th e  m an n e r o f coal d u s t ;  i t  evolves 
t a r r y  m a t te r  an d  gases w hich  a re  know n as “  u n 
s a tu ra te d  hy d ro -ca rb o n s ”  ; th ese  bodies b re a k  up  
u n d e r  th e  in te n se  h e a t  of th e  m e ta l a n d  d eposit 
soot (a  fo rm  o f carb o n ), w hich  n o t  on ly  a c ts  as a 
lu b r ic a n t  to  th e  flow o f m eta l on  th e  core face , b u t 
also ac ts  as a  sp lend id  re fra c to ry  m a te ria l,  p re 
v e n tin g  th e  b u rn in g  on of san d  to  san d  o r  sand  to  
m eta l.

V ery  few people  a p p e a r  to  a p p re c ia te  th e  
im p o r ta n t  serv ice  which ca rb o n  p e rfo rm s in  th e  
tw o fu n c tio n s  described  above.

Conclusions.
W h en  th e  san d  is  rem oved  from  th e  c a s tin g  

d u r in g  f e t t l in g  i t  is  seen t h a t  i t  is b lack  ow ing to  
deposited  soot an d  th e  carbonaceous r e s id u e ; if, 
how ever, th e  p ro je c tin g  p r in t  en d  o f a  core, w here  
th e  gases h av e  ig n ite d  as th e y  escaped  fro m  th e  
v e n t is ex am in ed , .it is seen t h a t  th e  g ra in s  a re  
no lon g er b lack , b u t  w hite . T h e  ca rb o n  c o a tin g
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(a lm ost inconceivab ly  th in )  h a s  been  b u r n t  off, a n d  
th e  san d  has re v e r te d  to  i ts  o r ig in a l  co n d itio n .

H a v in g  tra c e d  th e  san d  a n d  th e  oil fro m  th e  
b e g in n in g  to  th e  end  of th e  cycle, l i t t le  re m a in s  to  
be  sa id , an d  i t  is th e  w r i te r ’s w ish t h a t  h is  
ex p la n a tio n s  h a v e  been  lu c id  a n d  e ffic ie n t; th e r e  
a re , how ever, o n e  o r  tw o  p ra c t ic a l  p o in ts  w hich 
m ig h t be u se fu lly  d e a lt  w ith  b e fo re  co n clu d in g .

I t  is  com m only believed by th o se  who h a v e  n o t 
a tte m p te d  i t  t h a t  o il-sand  cores c a n n o t  be used  
successfu lly  in  heav y  c a s t in g s ; th is  is  n o t  th e  
case, how ever, as th e  w r i te r  h a s c a s tin g s  in  th e  
floor a t  th e  m o m en t of w r it in g  3 to n s  in  w e ig h t, 
a n d  com ple te ly  co red -o u t w ith  o il-san d  cores.

T h ere  is, how ever, a  l im it, an d  th is  l im it  is 
reached  w hen th e  re s in o u s  bond  in  th e  c o re  is 
b u rn t  o u t b e fo re  th e  m eta l h a s solid ified . W h en  
th is  occurs, th e  core is e ith e r  d is to r te d  to  a  m ore  
o r  less shapeless m ass by th e  p re ssu re  o f th e  m e ta l 
or c rum bles a n d  floats up  u n d e r  th e  cope. W h en  
i t  is borne in  m in d  t h a t  each  fo o t in  th e  h e ig h t  
of th e  m o lten  m e ta l e x e r ts  a  p re ssu re  o f 3 lbs. p e r  
sq. in ., i t  is obviously u nw ise  to  se t  a core w ith  
any  chance  o f c ru m b lin g  a t  th e  b o tto m  of a  deep  
m ould un less th e  m eta l th ick n esse s a re  so sm all a s  
to  p e rm it  o f ra p id  se t t in g  o f th e  m eta l.

W h en  w ork ing  close to  th is  l im it,  i t  is im p o r ta n t  
t h a t  th e  cores m u s t n o t  be  o v er-b ak ed .

A t th e  o th e r  end  of th e  scale is th e  case  of th e  
l ig h t c a s tin g  c o n ta in in g  a  bu lky  core. H e re  th e re  
m ay n o t be  su ffic ien t h e a t  g iven  o u t  d u r in g  th e  
cooling o f th e  m e ta l to  b re ak  dow n th e  re s in o u s  
bond , an d  th e  w r i te r  h as seen  cases w h ere  th e  
c e n tre s  o f such  cores w ere e x trem e ly  h a r d  an d  
d ifficult to  rem ove.

In  such  cases, w h ere  th e  core is p ra c tic a lly  s u r 
ro u n d e d  by th e  m eta l, ashes m ay  be u sed  to  fill 
in  th e  c e n tre , w h ils t if  a  la rg e  f la t  p r i n t  su r fa c e  
is av a ilab le  i t  is som etim es possible to  fill th e  
c en tre  w ith  m oist sea  sand , which, a f te r  h o ld in g  
u p  th e  core d u r in g  b a k in g , fa lls  o u t  re a d ily  an d  
leaves a  m ore  o r  less shell-like  core.

W hen  th is  ty p e  o f p rob lem  is e n co u n te re d  i t  is 
adv isab le  s lig h tly  to  o v e rb ak e  th e  cores, as th e y  
a re  th en  re n d e re d  f r ia b le  m ore  easily  by th e  
lim ited  h e a t  av a ilab le  from  th e  b astin g .
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Steel Shot Cores.
T he w rite r  h a s  developed and  p a te n te d  a m odi

fication  of th e  u su a l o il-sand  core, th e  san d  be ing  
rep laced  by fine steel shot.

W h ils t th is  ty p e  of core is m ore  d ifficult to  m ako 
th a n  th e  u su a l ty p e  o f core, a n d  is too  costly to  
use in d isc rim in a te ly , y e t  i t  h as  p roved  i ts  u t i l i ty  
in  places w here  solid d enseners o r  ch ills could  n o t 
he em pjoyed owing to  th e  im possib ility  of e x tra c t
ing  th em  from  th e  fin ished cas tin g .

I n  one p a r t ic u la r  c a s tin g  th e  fre q u e n tly  occu r
r in g  blow-holes, once a t t r ib u te d  vaguely  to  “ bad  
m e ta l,”  h a v e  e n tire ly  d isa p p ea red  since oil-shot 
cores w ere used  in  i ts  p ro d u c tio n .

W hich  fa c t  seems to  in d ic a te  t h a t  th e re  is s till  
so m e th in g  to  be le a rn t,  b o th  ab o u t “  b ad  m e ta l ”  
a n d  good cores.

DISCUSSION.
M e. W . T . E v a n s  sa id  th a t ,  as one w ith  

ex p erien ce  of o il-sand  cores, h e  was of op in ion  
t h a t  th is  P a p e r  was one of th e  b est on  th e  su b jec t 
t h a t  he h a d  so fa r  en co u n tered , an d  he was in  
accordance w ith  th e  whole of i t .  A t  th e  sam e 
tim e , ¡he asked fo r in fo rm a tio n  on steel-Shot cores, 
which M r. H olm es, in  h is m odesty , h ad  le f t  o u t.

Steel-Shot Cores.
M e. H o l m e s  said: he  h a d  n o t  d w elt upon  steel- 

sh o t cores because he d id  n o t w ish to  w aste tim e. 
T h ere  was n o th in g  m ore to  say ab o u t th em , ex cep t 
t h a t  th ey  -were fa ir ly  d ifficult to  m ake , an d  would 
n o t “ s ta n d  up  ” re ad ily . T he w e ig h t of th e  
stee l-sh o t m ade  th em  te n d  to  “ s i t  dow n,”  an d  it  
was a  q u estio n  of e ith e r  m ak in g  th em  on  a fla t- 
p la te , w hich h a d  to  h e  m ach ined , o r  m ak in g  them  
in a d r ie r . H e  h a d  found  th em  very  u sefu l in  c a s t
ings w h ere  th e re  was a  b ig  boss, an d  th e  d esig n er 
h ad  seen f it  to  p u t  a  1 -in . ho le  th ro u g h , a n d  th e re  
w as ab o u t 4 in . o f  m eta l a ll ro u n d  i t .  H e  d id  n o t 
say  t h a t  t h a t  was a  p e rfe c t w ay  of g e tt in g  over 
th e  t r o u b le ; th e re  w ere  o th e r  ways, b u t  in  a 
fo u n d ry  which was c a s tin g  d iffe re n t ty p es  o f work 
th ey  could n o t ru n  a d iffe re n t k in d  of m eta l down 
every  five m in u te s , an d  som etim es th ey  h ad  to  ru n  
th ick  sections w ith  m eta l which was h a rd ly  su it
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ab le  fo r i t .  In  such  oases i t  p a id , in  h is  o p in io n , 
to  use .a d ev ice  o f  th is  so r t  r a th e r  th a n  to  use  a  
spec ia l g ra d e  of m e ta l, un less, of course, th e  o u t 
p u t  w a r ra n te d  i t .  B u t  h e  w ould c e r ta in ly  n o t 
recom m end th em  fo r  in d is c r im in a te  use , on  
a cco u n t o f th e  cost. Of course, th e  s te e l-sh o t was 
m ore exp en siv e  th a n  san d , a n d  u n less  th e y  h a d  a 
m ag n e tic  s e p a ra to r  th ey  d id  n o t co m p le te ly  reco v er 
th e  sh o t. H e  h a d  n o t  fo u n d  i t  d o ing  a n y  h a rm  in  
th e  sand , h u t  h e  h a d  fo u n d  t h a t  th e  n ew  sh o t 
w hich  h a d  to  he  p u t  in  to  m ak e  u p  fo r  th e  old 
sh o t w hich was lo s t w as ju s t  a b o u t  th e  a m o u n t 
th ey  h a d  g o t to  u se  to  m ak e  a  s tro n g  co re . O ne 
h ad  to  use a  f a i r  a m o u n t o f  gum  to  h o ld  th e m  
to g e th e r, a p a r t  from  co re  o il, a n d  a p p a re n tly  
th e re  w as a  ten d e n cy  to  g e t a  d if fe re n t ty p e  of 
co a tin g  on th e  sho t th a n  on  th e  san d  g ra in s  w hen 
th ey  h a d  been used  m ore th a n  o n c e ; a f te r  th e  
sh o t h a d  been u sed  th re e  o r  fo u r  t im e s  i t  h a d  n o t 
a  v e ry  good su rface .

M r . J .  L o n g d e n  re fe r re d  to  th e  q u estio n  
of w h e th er i t  was b e t te r  to  a d d  th e  e m u l
sified oil to  th e  san d  a f te r  d ry in g , in  p re fe re n c e  
to  a d d in g  i t  to  a  g reen  san d . I t  seem ed to  h im  
th a t  a  g r e a t  d e a l to o  m uch  w as m ade  o f  t h a t .  
H e  w as of o p in io n  th a t ,  w hen a  g re e n  sa n d  w as 
used  a n d  o il added , th e  m ix in g  o f th e  o il w hich  
was ad d ed  to  th e  w a te r  a lre ad y  p re se n t ,  in d u ce d  
a  so r t  o f ém u lsifica tio n  d u r in g  th e  m ix in g  p rocess . 
H e  h a d  n e v e r  fo u n d  th e  n ecessity  fo r  d ry in g  th e  
san d  before  a d d in g  o il. F in a lly , h e  a sk ed  M r. 
H olm es w h a t, in  h is  op in io n , w as th e  m ax im u m  
th ick n ess of sec tio n  w hich i t  was sa fe  to  use  ro u n d  
an  o il-sand  core, because  he  h a d  h e a rd  o f cases 
w here  o il-sand  cores h a d  co llapsed  w hen u sed  fo r 
ve ry  h eav y  cas tin g s .

M r . H o l m e s , d e a lin g  w ith  t h e  a m o u n t o f g r a in s  
in  a  g iv en  q u a n ti ty  o f w et o r  d ry  san d , sa id  t h a t  
a  cu b ic  foo t, o r  a n y  o th e r  m ea su re , of w e t s a n d  
d id  n o t  c o n ta in  so m an y  g ra in s  as a  c u b ic  fo o t  o f 
d ry  sand . H e  i l lu s t r a te d  w h a t h a p p e n e d  in  tw o  
c o n ta in e rs  of, say , 1 cub. f t .  c a p a c ity , filled w ith  
w et a n d  d ry  san d  re sp ec tiv e ly , by  m ea n s  o f a 
ske tch . I f  th e  san d  w ere d ry , h e  sa id , th e r e  w as 
n o th in g  a t  a ll to  sto p  th e  © rains to u c h in g  e ach  
o th e r, b u t, if  th e  san d  w ere d am p , th e  w a te r  w ould 
co llect a t  th e  p o in ts  o f g ra in  c o n ta c t .  T h e re  waa
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a c e r ta in  a m o u n t of su rfa ce  ten s io n  which 
becam e q u ite  a p p re c ia b le  w hen  on e  con
s id e red  th e  la rg e  n u m b er of g ra in s  c o n ta in ed  in 
a  cub ic  foo t of sand . I f  th e  g ra in s  w ere p u sh ed  
to g e th e r  th e  w a te r  would p u sh  th em  a p a r t  ag ain . 
A n o th e r th in g  w hich s topped  th e  san d  g ra in s  
se t tl in g  down p e rfec tly  was th e  f a c t  t h a t  th e re  
was, to  a c e r ta in  e x te n t ,  m ore  f r ic tio n .

Emulsification of Oil Through Mixing.
W ith  re g a rd  to  th e  em u lsifica tion  of co re  oil, 

he  d id  n o t say t h a t  th ey  cou ld  n o t  m ak e  a  p e r
fec tly  good o il-sand  core w ith o u t e m u ls ify in g ; 
th ey  cou ld  do so, an d  h e  h a d  seen  m any . B u t, if 
th ey  d id  em ulsify  i t ,  th ey  could  do i t  b e t te r  in  a 
p ro p e r a p p a ra tu s ,  a n d  he h ad  such an  a p p a 
ra tu s .  T h e  o rd in a ry  m eth o d  of m ix in g  oil 
an d  san d  was desig n ed  sim ply fo r  m ix in g  o il and  
sand , an d  n o t fo r em u lsify in g  o il an d  w a ter. I t  
w as q u ite  possible to  m ake o il-sand  cores in  th e  
oxen in  th e  k itc h e n , b u t th e  oven was n o t desig n ed  
fo r  th e  job a n d  would n o t do  i t  so well as a 
specia lly  designed  stove. In  h is op in ion  i t  was 
m uch b e tte r  to  b re ak  th e  job  u p  in to  tw o o p era 
tio n s . I f  th ey  w ere m ak in g  a  lo t  of cores, 
a n d  w ished to  g e t th e  b e st possible re su lts  w ith  
re g u la r ity  day  in  a n d  day  o u t, h is ad v ice  w as to  
d ry  th e  sand .

Maximum Size for Oil-Sand Cores.
H e  could  n o t give an y  defin ite  in fo rm a tio n  on 

th e  su b je c t o f th e  th ick n ess of sec tio n  which it  
was safe  to  use ro u n d  a n  o il-sand  core. T he 
la rg e s t th ick n ess  of m e ta l he  h a d  ru n  ro u n d  such 
a  co re  w as 2 5 in . T h e  job was a  fa ir ly  heavy  
wheel, w ith  a  r im  a b o u t 2|  in . th ic k , b u t  i t  would 
be  r a th e r  th ic k e r  in  th e  boss. T h a t  was as f a r  as 
he w ould c a re  to  go. T hey  sho u ld  n o t  h a v e  a 
g re a te r  h e ig h t o f m e ta l th a n  th e y  cou ld  possibly 
h e lp  fo r a n  o il-sand  core, because, if  i t  s ta r te d  to  
co llapse be fo re  th e  m eta l h a d  se t, th e y  would g e t 
th e  core  d is to rte d .

M r . O l i v e r  S t u b b s  said  t h a t  a  m em ber of th e  
In s t i tu te ,  a few days p rev iously , h ad  m ad e  a 
c a s tin g  22 to n s  in  w eigh t, w ith  a  m ix tu re  of 1 in  
40, o il-san d  cores, w ith  a  9-in. th ick n ess  of m eta l. 
A sked w h a t w as th e  size of th e  core, M r. S tu b b s
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sa id  he  should  th in k  i t  w as possib ly  a b o u t 
7 f t  9 in . Iona;. I t  w as ob long  in  sh ap e .

M r . E . L o n g d e n  asked  th e  co n d itio n s  u n d e r
w hich i t  ex is te d  in  th e  m ould— v e r tic a l o r h o r i 
zo n ta l. i  • c

M r. S t u b b s  sa id  he  would be g lad  to  g e t in fo r 
m atio n  a b o u t t h a t .  H e  h a d  m en tio n ed  th e  t a c t  
m ere ly  becau se  M r. H o lm es d id  n o t  go  b ey o n d  a  
th ick n ess  o f  in . H is  ow n firm  w ere re g u la r ly  
c a s tin g  u p  to  4 a n d  5 in . th ic k n e ss  of m e ta l w ith  
no tro u b le  w h a tev er.

M r . H o l m e s  sa id  he  m e a n t t h a t  h e  h a d  on ly  
gone u p  to  2|  in ., b u t  h e  cou ld  see t h a t  th e y  could  
go fu r th e r .  H e  h a d  sa id  in  th e  P a p e r  t h a t  oil- 
san d  cores co u ld  be used  fo r h e av y  c a s tin g s , b u t ,  
in  th e  fo u r th  p a r a g r a p h  of th e  la s t  sec tio n , h e  h a d  
p o in te d  o u t  t h a t  th e re  w as a  l im it,  w hich  w as 
reach ed  w hen th e  re s in o u s  bond  in  th e  c o re  was 
b u r n t  o u t  b e fo re  th e  m e ta l  h a d  so lid ified . H e
w en t on to  q u o te : “  W h en  th is  occurs, th e  c o re  is 
e ith e r  d is to r te d  to  a m ore  o<r less sh ap e le ss  m ass 
by th e  p re ssu re  of th e  m e ta l, o r  c ru m b le s  an d  
floats u p  u n d e r  th e  cope. W h en  i t  is b o rn e  in  
m in d  t h a t  each  fo o t in  th e  h e ig h t  o f th e  m o lten  
m eta l e x p e r ts  a  p re ssu re  o f 3 lbs. p e r  sq . in .,  i t  is 
obviously u nw ise  to  se t  a  core w ith  a n y  ch an ce  of 
c ru m b lin g  a t  th e  b o tto m  o f a  deep  m ould  un less  
th e  m e ta l th ick n esses a r e  so  sm all a s  to  p e rm it  o f 
ra p id  s e t t in g  o f th e  m eta l. W h en  w o rk in g  close 
to  th is  l im it, i t  is  im p o r ta n t  t h a t  th e  co res  m u s t 
n o t be o v e r-b a k e d .”  H o w ev er th ic k  o r  how ever 
th in  anybody  h ap p en e d  to  m ak e  c a s tin g s  fro m  oil- 
san d  cores, he  sa id , t h a t  w as th e  p ra c t ic a l  l im it ,  
a n d  those  w ere  th e  c o n s id e ra tio n s  u n d e r ly in g  i t .

M r . A. M a r k s , d e a lin g  w ith  th e  size  o f  th e  c a s t
ings w hich could  be tu r n e d  o u t  w ith  o il-san d  cores, 
sa id  t h a t  th o se  w ith  p ra c t ic a l  e x p e rien c e  o f  oil- 
san d  core-m a.king knew  t h a t  th ey  cou ld  h a v e  an  
o il-san d  core  o f an y  size if th e y  co u ld  p e rsu a d e  th e  
fo rem an  to  m ak e  i t.  O ne m e t w ith  a  good m an y  
old fo rem en  w ho h a d  v a s t  p ra c t ic a l  e x p e rien c e  an d  
who lik ed  to  go g ra d u a lly . T he s ta n d in g  u p  of 
a  core to  th e  m eta l was a  q u e stio n  o f  th e  c o n 
sistency . E v en  fo r  sm all au to m o b ile  w o rk  h e  h a d  
th re e  o r  fo u r  o il-san d  m ix tu re s  w hich  h e  u se d  fo r  
d iffe re n t p u rp o ses. F o r  ex am p le , h e  cou ld  n o t  
m ake , say , a  ja c k e t  core of th e  sam e co n sisten cy



as a core to  be used  fo r  a  36-in. d ia m e te r  p ip e , 
a n d  anyone who w as fa m ilia r  w ith  w alk ing  ro u n d  
a  fo u n d ry  a n d  te s tin g  cores cou ld  see a t  a  g lance  
w h e th er th e  m ix tu re  w as m ade co rrec tly . No lim it 
h ad  y e t  been reach ed  w ith  re g a rd  to  th e  use  of 
o il-san d  cores, b u t  th e y  o u g h t t o  g e t dow n to  th e  
essen tia l u n d e rly in g  p rin c ip les . M r. H olm es h a d  
g iven  a  ve ry  good p ra c tic a l P a p e r ,  b u t ,  if  p ro 
gress w ere  to  be m ad e  in th is  m a tte r ,  th ey  should 
u n d e rs ta n d  th e  p rin c ip le s  u n d e rly in g  o il-sand  
co res m ore th o ro u g h ly . I n  re g a rd  to  b in d in g , M r. 
M ark s  was n o t  a t  a ll convinced  t h a t  i t  was neces
sa ry  to  h a v e  a  p e rfe c tly  c lean  san d , as M r. H olm es 
h a d  te rm e d  i t .  H e  w as n o t convinced  t h a t  o il a n d  
a n  ab so lu te ly  free  p u re  s ilica  would g iv e  a p e rfe c t 
core. In  sea  san d  th e re  was so m e th in g  besides free  
s i l ic a ; th e re  w as fe rr ic  o x ide, an d  two or 
th re e  o th e r m in o r c o n s titu e n ts . Also, th e re  
was a  consid erab le  p ro p o rtio n  of sodium  ch lo ride  
p re se n t in any  d ry  sea  sand , and  th e  influence of 
t h a t  h a d  n o t been ta k e n  in to  c o n sid e ra tio n  in  
connection  w ith  th ese  o il-sand  cores. F ro m  th e  
p ra c tic a l p o in t of view , th e y  h a d  ta k e n  th is  in to  
c o n sid e ra tio n  by ru le -o f-th u m b  m ethods, a n d  had  
g ra d u a lly  g a in ed  ex perience , b u t  th ey  would have  
to  look a t  i t  sc ien tifically  as well as p rac tica lly . 
A t p re se n t th ey  were in  th e  h a n d s  o f th e  core-oil 
m ak e r. H e  su b m its  a c e r ta in  b ra n d  of o il, and, 
by experience , th e  users g e t to  know i ts  id iosyn
crasies. I t  m ig h t be r ig h t  or w ro n g ; freq u e n tly  
i t  w as w rong. P e rh a p s  M r. H olm es h a d  b een  up  
a g a in s t t h a t  d ifficulty  a n d  h a d , th e re fo re , fa iled  
to  m ak e  c a s tin g s  o f la rg e r  sizes th a n  those  he 
h a d  m en tioned . T he q u estio n  of th e  m in o r con
s t i tu e n ts  in  th e  sand  would be well w orth  in v es ti
g a tio n , follow ed by an  in v e s tig a tio n  of th e  b in d 
in g  pow ers o f th e  d iffe ren t v a r ie tie s  of oil.

M r . H o l m e s  asked w h e th er i t  p a id  to  use an  
in fe rio r  sand  a n d  a g re a te r  q u a n ti ty  of o il. As 
to  th e  m in o r c o n s titu e n ts  of sand , h e  h a d  m ade 
p e rfe c tly  good o il-sand  cores w ith  sea san d , r iv e r  
sand , and  d u n e  sand . H e  h ad  n o t fo u n d  a n y 
th in g  in  sea sand  t h a t  one would n o t ex p ec t to  
find, and  h a d  n o t found , from  p ra c tic a l ex p eri
ence, th a t  sa lt m ade any  difference. I t  m ig h t do, 
b u t he considered  i t  m o s t  un lik e ly . As to  M r. 
M ark s’ p o in t t h a t  these  th in g s  h ad  to  be  looked
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a t  from  a  sc ien tific  p o in t  of view , M r. H olm es 
sa id  h e  h a d  on ly  h a d  a  w eek in  w hich  to  '  w rite  
th e  P a p e r ,  a n d  co u ld  n o t  do m u ch  sc ien tif ic  
re sea rc h  in  t h a t  tim e . H e  also p o in te d  o u t  t h a t  
he hoped , a t  a  la te r  d a te ,  to  go in to  th e  q u estio n  
m ore th o ro u g h ly , a n d , in s te a d  o f g iv in g  a  d e sc r ip 
t iv e  p a p e r , to  g iv e  one w hich w ould be sim ply  a  
m ass of facts-—th e  s o r t  o f p a p e r  t h a t  co u ld  n o t  be 
re a d , b u t  w hich  w ould h a v e  to  be g iv en  to  people  
fo r th e m  to  d ig e s t a t  le is u re .

Shell in Sea Sand.
M u. B. H i e d  asked  if  sm all shells in  se a  sa n d  

a fiec ted  o il-san d  cores, a n d  w h e th e r th e y  w ere 
responsib le  fo r  som e o il-san d  co res m ade  from  sea- 
san d  blow ing occasionally . H e  h a d  h a d  d ifficu lties 
w ith  t h a t  k in d  of san d , a n d  h a d  a t t r ib u te d  th em  
to  shells. M r. H ird  ad d ed  th a t ,  w hen h e  was 
sh o rt  of s a n d  fo r  o il-san d  cores, he  h a d  fo u n ^  t h a t  
a  fa ir ly  good s u b s t i tu te  w as th e  ash  g a th e re d  fro m  
th e  to p  of th e  cupola .

M r. H o l m e s , d e a lin g  w ith  th e  p o ss ib ility  o f  
cores b low ing  th ro u g h  th e  p resen ce  of p ie c e s  o f  
shell, sa id  t h a t  th e  only  case  h e  cou ld  s e e  m  w hich 
t h a t  w as lik e ly  to  o ccu r was w here  th e  p ie c e s  of 
shell w ere fa ir ly  la rg e , b u t  h e  d id  n o t  t h in k  t h a t ,  
a p a r t  fro m  th e  m ech an ica l o b s tru c tio n  cau sed  by 
th e  p ieces of shell, th e r e  w as m u ch  r is k  o f blow 
ing. I n  th e  case d f sa n d  w hich h a d  been  k n o ck ed  
in  th e  f e t t l in g  a n d  used  a g a in , w ith  shells in  
i t ,  th ey  m ig h t, th ro u g h  h e a tin g , g e t  th e  shells 
r a th e r  p o rous, so t h a t  th e y  ab so rb ed  o i l ; i f  th e y  
m ade th e  m ix tu re  fa ir ly  r ich , w ith  th e  s a n d  on 
th e  w et side , th ey  m ig h t g e t  a  good d ea l o f  o il 
co llec tin g  in  th e  s)hell, a n d , if  i t  w ere n e a r  th e  
su rface , blow ing m ig h t occur. B u t ,  sp e a k in g  
g e n era lly , by  ta k in g  o u t  th e  la rg e r  p ieces o f  she ll 
in  sea  san d , h e  h a d  n o t fo u n d  a n y  tro u b le , th o u g h  
th e re  was ju s t  a  p o ss ib ility  t h a t  th e r e  m ig h t  be 
tro u b le  in  a  v e ry  n a rro w  core. H e  w as q u ite  
in te re s te d  to  h e a r  M r. H i r d ’s re fe re n c e  to  c u p o la  
ash , w hich w as q u ite  a new  m a te r ia l  fo r  m ak in g  
o il-san d  cores.

Binders Other than Oil.
M r . E . H . B r o w n  a sk ed  th e  le c tu re r  w h e th e r  he  

d isag reed  e n tire ly  w ith  th e  use  o f b in d e rs  o f th e  
n a tu r e  of glucose. W ith  re g a rd  to  th e  b a k in g  of



cores, he  would lik e  to  know  w h e th er M r. H olm es 
considered  t h a t  o il-san d  cores should  be d r ie d  in  
a  se p a ra te  stove , o r w he th er, if  o il-sand  a n d  th e  
n a tu ra llv -b o n d ed  co re  san d  h a d  to  he  d r ie d  in  th e  
sam e stove, th e re  m u s t be se p a ra te  h e a ts . E v en  
to -d ay  th e re  w ere a  la rg e  n u m b er of fo u n d ries  
which w ere a n y th in g  b u t  u p - to -d a te , a n d  th e  fo re
m an  h a d  to  m ake  th e  b e s t o f a  b a d  jo b . M r. 
B row n th e n  re fe r re d  to  a  re c e n t ex p erien ce  which 
m ig h t in te re s t  m em bers. I n  th e  la s t  th r e e  weeks 
he h a d  seen some v e ry  th in  o il-san d  cores, th e  sec
t io n  be in g  be tw een  f  a n d  5-in . th ic k , b u ilt  in to  
a v ery  th ic k  section  of m eta l. The to ta l  th ick n ess 
of m eta l, in c lu d in g  th e  core, was p ra c tic a lly  6 in ., 
r ig h t  a t  th e  b o tto m  of a  fa ir ly  heav y  m ould. T he 
cores w ere m ade in  o il-sand , u s in g  a  v e ry  fine sea 
san d  as a  base. A fte r  b e in g  d ried , th e y  w ere 
f u r th e r  sp re ad  w ith  o il a n d  b ak ed  a g a in , a n d  when 
th e  cores w ere knocked  o u t  th ey  w ere fo u n d  to  
be  p e rfec t.

M r . H o l m e s , rep ly in g , sa id  t h a t  he  w as speak
in g  g en era lly  o f  d ry in g  oils in  th e  P a p e r ,  a n d  
“  d ry in g  o ils ”  m ea n t so m eth in g  w ith  a  linseed o r 
s im ila r base, b u t  he  h ad  no o b jec tio n  to  th e  use 
of glucose. T hey  could  use a ll so r ts  o f th in g s , b u t  
h e  was n o t d ea lin g  w ith  t h a t  q u estio n  a t  th e  
m om ent. T h ere  w ere a  la rg e  n u m b er of im ita tio n  
core oils on  th e  m a rk e t, co n sis tin g  of wood e x tra c t ,  
pu lp  e x tra c ts , a n d  sim ila r m a te ria ls , as well as 
g u m s; as a  m a t te r  o f  fa c t, th e y  could call an y 
th in g  a core o il now adays, when i t  w as n o t  an  
oil a t  all. I t  was n o t  so m uch a  q u estio n  of 
b a k in g  w ith  o th e r  m ate ria ls , b u t,  in  th e  case  of 
th e  linseed base  oil o r a  s im ila r  p ro d u c t, th ey  had  
to  oxidise  th e  m a te r ia l ; t h a t  w as a  d is tin c t 
b a k in g  a c tio n , and  n o t a  d ry in g  ac tio n . I t  was 
n o t m ere ly  a  question  o f d ry in g  o u t  th e  m o is tu re  
and  leav in g  som eth ing  th a t  was sufficiently  s t r o n g ; 
th ey  h a d  to  d ry  o u t th e  m o is tu re  a n d  m ake  some
th in g  f a ir ly  w eak, an d  th en  a c t on  i t  f u r th e r  by 
h o t a ir  a n d  s tre n g th e n  i t .  n o t by d ry in g  b u t by 
ox id is in g . I f  a glucose b in d er h a p p en e d  to  su it  
th e  p a r tic u la r  ty p e  o f work fo r which i t  w as used, 
and  i t  w as an  econom ical p ro p o sitio n , h is advice  
was to  stick  to  i t .  As to  th e  b a k in g  of cores, he 
h ad  found  t h a t  if  th ey  w an ted  th e  v e ry  b est from  
oil-sand cores th ey  h a d  to  h a v e  th e i r  own h e a t
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t r e a tm e n t ,  a n d  t h a t  d id  n o t  f it  in  w ith  th e  p ro p e r  
co n d itio n s  fo r  d ry in g  a n a tu ra lly -b o n d e d  co re . 
R e v e r t in g  to  th e  q u es tio n  of core  o ils , he  s a id  t n a t  
som e o f th e  o ils  on  th e  m a r k e t  a p p e a re d  to  con
ta in  tw o  c o n s titu e n ts  w hich  re q u ire d  q u i te  d it-  
f e re n t  th e rm a l t r e a tm e n t  in  o rd e r  to  g e t  th e  best 
o u t  of th em . T h a t  was a  p o in t  w hich  som e m ak e rs  
o f co re  oils d id  n o t  a p p re c ia te .  D e a lin g  a g a in  
w ith  th e  q u estio n  o f s e p a ra te  s toves, M r. H o lm es 
sa id  t h a t  if th e  vo lum e o f w ork  ju s tif ie d  th e  use  
of s e p a ra te  stoves, well a n d  good, b u t  th e re  w ere  
so m an y  fa c to rs  e n te r in g  in to  th e  q u e s tio n  t h a t  i t  
w as q u ite  im possib le  to  say  w h e th e r  i t  w as a  m ore  
econom ical p ro p o sitio n  to  g e t  a  s lig h tly  w orse co re  
th ro u g h  g iv in g  i t  th e  in c o rre c t h e a t  t r e a tm e n t ,  o r 
to  sp en d  m ore  m oney in  o rd e r  to  g e t  good  cores.

M u. S tubbs asked  if  M r. H o lm es w ould g iv e  
in fo rm a tio n  in  w r i t in g  w ith  r e g a rd  to  te s t in g  o ils 
fo r  specific g ra v ity ,  flash  p o in ts , a n d  o th e r  te s ts  
t h a t  he  h a d  m ade , becau se  th e re  w as n o th in g  t h a t  
h a d  been  so m uch  e x p lo ite d  in  th e  fo u n d ry  t r a d e  
d u r in g  th e  la s t  tw o  o r  th r e e  y e a rs  a s  c o re  b in d e rs  
a n d  o ils h a d  b een , an d  to  b is  m in d  th e r e  w as 
e ith e r  a  r e a l  good th in g  in  i t  o r  else fo u n d ry m e n  
d id  n o t  know  w h a t th e y  w ere d o in g . I f  M r. 
H o lm es would g iv e  t h a t  in fo rm a tio n , i t  would 
h e lp  th em  to  com e to  a  conclusion  a s  to  w hich  w as 
th e  b e s t b in d e r  th e y  co u ld  use.

I n  re p ly  to  M r. S tu b b s , M e . H o l m e s  sa id  h e  
d id  n o t  feel in  a  p o sitio n  to  d iscuss th is  as he. 
h a d  v e ry  l i t t l e  know ledge  o f o rg a n ic  c h e m is try  in  
g e n e ra l o r  th e  te s t in g  o f oils in  p a r t ic u la r .

I n  a n y  case, i t  seem ed d o u b tfu l if  t h e  la b o ra to ry  
te s tin g  o f core oils, o th e r  th a n  by a n  e x p e r t  u s in g  
ex h au s tiv e  m eth o d s o f in v e s tig a tio n , w ould  th ro w  
a n y  l ig h t  on such com plex p ro p e rtie s  as th o se  w hich 
re n d e r  th e  h a n d lin g  o f th e  co re  in  th e  fo u n d ry  
possible o r  n o t.

M uch  tim e  a n d  m oney is sp e n t e ach  y e a r  on 
co n d u c tin g  r a th e r  fu t i le  te s ts  on  lu b r ic a t in g  oils, 
a n d  p ro b ab ly  th e  sam e  th in g  w ould h a p p e n  in  th e  
te s tin g  o f  co re  oils.

T he p ro b lem  w as o ne  t h a t  m ig h t  well be a tta c k e d  
by th e  B r i t is h  C a st I r o n  R esearch  A sso c ia tio n  
(a f te r  th e  p re se n t  u rg e n tly -n ee d e d  re sea rc h es  a re  
com pleted), to g e th e r  w ith  on e  o r  m o re  e x p e r ts  
on th e  su b je c t;  b u t  so f a r  a s  th e  fo u n d ry  la b o ra 



to ry  was concerned, th e  su b je c t was a lm ost beyom i

T h e  P r e s i d e n t , in  b rin g in g  th e  discussion to  a 
close, sa id  t h a t  t h a t  was in fo rm a tio n  which they  
w ere all looking for. H e  also expressed  indeb ted- 
ness to  M r. H olm es fo r His P a p e r .
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d il a t o m e t r ic  a n a l y s is  o f  a l l o y s  w it h  
SPECIAL REFERENCE TO CAST IRON.

By Professor Pierre Chevenard.

[:T ra n sla ted  by V . C. F au llcner.]

INTRODUCTION. 
The Industrial Importance of Thermal Analysis.

T he p r in c ip a l m eth o d s of m e ta llo g ra p h y  com 
prise , a p a r t  fro m  chem ical a n a ly sis , m ic ro g rap h y  
a n d  th e rm a l an a ly s is . M ic ro g ra p h y  re v e a ls  th e  
physico-chem ical a n d  s t r u c tu r a l  s t a te  o f a sam p le  
a t  o rd in a ry  te m p e ra tu re  ; i t  d e te rm in e s  t h e  e n t i r e  
effect o f an y  t r e a tm e n t,  b u t  i t  g ives no in fo rm a 
tio n , a t  le a s t  d irec tly , as t o  th e  m ech an ism  of 
th is  t re a tm e n t.  T h e rm a l an a ly s is , o n  th e  o th e r  
h a n d , allows of th e  v isu a lisa tio n  a n d  re g is te r in g  
o f th e  t r a n s fo rm a tio n  of a n  a llo y  d u r in g  th e  
p e rio d  concerned, a n d  to  en v isag e  th e  te m p e ra 
tu re ,  th e  speed a n d  th e  in te n s i ty ;  th i s  in fo rm a 
t io n  is e sse n tia l fo r th e  c a r ry in g  o u t  o f th e rm a l 
tre a tm e n ts .

Diverse Methods of Thermal Analysis.
M ethods fo r th e rm a l an a ly s is  m ay  be  d iv id ed  

in to  tw o  g ro u p s  : •—T h erm al m eth o d s ( th e  chrono- 
g ra p h ic a l m ethods, as used  by R o b e rts -A u s te n  
a n d  D e jean ) re la te  to  th e  calorific  p ro p e r t ie s  of 
alloys. T h e ir  use  is v e ry  , g e n e ra l, b ecau se  a  
ch an g e  o f s ta te  is in v a ria b ly  acco m p an ied  by 
th e rm a l p h en o m en a, m ore  o r  less- in te n se  a n d  
m ore o r less defined : th e y  a re  eq u ally  a p p lic a b le  
to  b o th  solid a n d  liq u id  bodies. T h e ir  se n s it iv e 
ness, how ever, depends v e ry  la rg e ly  u p o n  th e  
speed of h e a t in g  a n d  cooling.

T hey  a re  useless fo r  th e  s tu d y  of v e ry  slow 
re ac tio n s . M oreover, th e y  do n o t  allow  o f th e  
q u a n ti ta t iv e  com parison  o f observed  p h en o m en a



when th e  speed v a rie s  be tw een  la rg e  lim its . T h is 
inconvenience is v e ry  serious w hen r e la te d  to  th e  
s tu d y  of th e rm a l t r e a tm e n t,  a  su b je c t w hich  has 
fo r one of i ts  o b jec ts  th e  re n d e rin g  m ore c lear of 
th e  effect of speed of h e a tin g  an d  cooling.

P hysica l m eth o d s,  based upon  th e  s tu d y  of 
expansion , e lec tr ica l p ro p e rtie s , m ag n e tism , e tc ., 
do  n o t e x h ib it th is  f a u lt .  They allow o f th e  
s tu d y  of slow re ac tio n s  an d  a q u a n ti ta t iv e  c h a r
a c te r isa tio n  of tran s fo rm a tio n s .

Principles Underlying Physical Analysis.
T he observed  m a n ife s ta tio n s  d u r in g  th e  h e a tin g  

an d  cooling of alloys show u p : — (1) T h e  specific  
tra n s fo rm a tio n  o f th e . c o n s titu e n ts . (a) A llo 
trop ie  t ra n s fo rm a tio n s  w ith  ch an g e  of p h ase  ; 
(b) abnorm al t ra n s fo rm a tio n s  w ith o u t ch an g e  of 
p h a se ; (c) decom position  o f a p h ase  o u t  of 
ba lance . (2) R ea c tio n s  betw een  phases.

T he close s tu d y  o f th ese  p henom ena th e re fo re  
show, (1 ) follow ed in  all i ts  d e ta ils , th e  m echanism  
of th e  re ac tio n  d u rin g  th e  tim e  of o p e ra tio n , and  
to  receive  from  i t  an  a p p re c ia tio n  of th e  im p o rt
ance o f th e  phenom enon to  w hich i t  re fe rs . (2) 
To con tro l, a f te r  t r ia l ,  th e  re su lts  of a  reac tio n , 
because, acco rd in g  to  th e  a m p litu d e  of, th e  p h y 
sical p ro p e rtie s  of th e  c o n s titu e n ts  an d  to  th e  
in te n s ity  of th e ir  spécifie d irec tio n a l change, one 
can  a p p ro x im ate ly  e v a lu a te  th e  p ro p o rtio n  of 
each.

Advantages Shown by the Dilatometric Method.

A m ongst th e  m ethods used  fo r th e  physical 
analysis of solid  bodies, t h a t  which is based upon  
th e  o b se rv a tio n  of th e  phenom enon of d i la ta tio n  
ap p ea rs  to  be th e  m ost ra tio n a l ,  th e  easiest, and  
th e  m ost p recise . H ow ever, changes of s ta te  of 
substances a re  alw ays accom panied  by a v a r ia tio n  
of volum e. T he a m p litu d e  of th e  phenom enon is 
rem ark ab le , on accoun t of i t  being  so easy  to  
m easu re  in  a  la rg e  n u m b er o f in d u s tr ia l  p ro d u c ts , 
such as th e  alloys o f iro n , bronzes, s ilica  bricks, 
e tc ., b u t  even in  a  case w here  th e  d ila to m e tric  
phenom enon is q u ite  sm all, as in  D u ra lu m in , it 
is a lw ays possible to  m ake an  an aly sis even when 
th e  m an ife s ta tio n  is q u ite  sm all, if  a  su itab le  
a p p a ra tu s  is availab le. H ow ever, th e  re su lts  of
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d ila to m e tric  an a ly s is  a re  easy  to  i n te r p r e t ;  th e  
d i la ta t io n  of an  a g g re g a te  does n o t d iffer rad ica lly  
from  t h a t  which can  he a n tic ip a te d  from  th e  law 
of m ix tu res . T h e  d ila to m e tric  m ethod  p re sen ts , 
un lik e  th e  e le c tr ica l an d  m ag n e tic  m ethods, th e  
a d v a n ta g e  of d is tin c t sen sitiveness to  secondary  
reac tio n , such as im p u ritie s , th e rm a l h is to ry , and  
a llied  p a ra s i t ic a l  phen o m en a  w hich a re  u n ab le  to  
m ask th e  e ssen tia l fac ts . I t  is p roposed  to  expose 
th e  tech n iq u e  of d ila to m e tric  analysis, such as 
h as been developed in  th e  lab o ra to r ie s  of th e  
Im p h y  W orks of th e  C o m m en try -F o u rch am b au lt-

£ l £v * t i o n

1 • ■ ■ ■ 1 . . .  JL ■ —1
0 1 2 3 4 ( 5 6 / 0 9 1 0  cm

i g .  2 .— D i f f e r e n t i a l ' D il a t o m e t e r . T h e  S t a n d a r d  i s  E n c l o s e d  in
t h e  S a m p l e .

D ecazeville concern , by ta k in g  s tee l an d  c a s t iron  
as exam ples, an d  i t  is proposed  to  p ass  in  review  
some of th e  re su lts  which have  been o b ta in ed .

Technique of Dilatometric Analysis.
The D iffe ren tia l D ila to m eter* .— (1) T h e  a p p a ra 

tu s  used  fo r th e  d e te rm in a tio n  of th e  d ila ta t io n  
of a  sam ple  u tilises  a su ita b le  s ta n d a rd  sam ple  
which is h e a ted  to  th e  sam ple te m p e ra tu re . F rom  
th e  p lay  o f th e  sin g le  m ir ro r  (F ig . 1) m oving 
a ro u n d  tw o  re c ta n g u la r  axes, OX, OY, th e  
a p p a ra tu s  p h o to g rap h ica lly  m akes a  curve, of

• F o r  detailed  description see “ E ev . de M et. M em .,”  1917, 
vol. X IV , page 610,
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w hich th e  ćo -o rd in a te s  a re  ( 1 ) th e  ■expam 310 
th e  s ta n d a rd  sam ple  w hich ac ts  as th e  ax is 
abscissae, a n d  w hich h as re fe re n c e  to  th e  te m 
p e ra tu re  co m m u n ica ted  to  th e  tw o  sam p  • J 
The d ifference  in  ex p ansion  of th e  tw o  sam ples.

The Standard Sample.
In  o rd e r  to  p lay  th e  d o ub le  ro le  o f be ing  ab le  

to  co m p are  sam ples, a n d  as an  in d ic a tin g  p y ro 
m ete r, th e  s ta n d a rd  sam p le  m u s t possess th e  fo l
low ing p ro p e rtie s  :-r-(l) In o x id y sa b ili ty  an d  
r ig id i ty  in  th e  reg io n  o f th e  t e m p e ra tu r e  w h e re  
i t  is u se d ; (2) i t  m u s t d e fin ite ly  fu lfil th e  law  of 
rev ersib le  a n d  re g u la r  ex p an s io n . I n  som e cases, 
such  as iro n , copper, a lu m in iu m , i t  is o f te n  pos
sible to  u til is e  a n ick e l-c liro m e -tu n g s te n  alloy ,

Sw edish Iron  C . 0.035; P yros  stan d ard  u sed . Ac2-Ar2, 
tran sform ation  w ith ou t ch a n g e  of p h ase; Ac3-Ar3, 

A llotropie ch an ge w ith  ch a n g e  o f phase.

know n as P y ro s , w hich possesses to  a  h ig h  d eg ree  
th e  n ecessary  q u a lit ie s . I t  is possib le  to  u se  a n  
a p p a ra tu s  em ploy ing  P y ro s  u p  to  1,100 deg . C ., o r 
even 1,200 deg. C.

Details of the Apparatus.
T he s ta n d a rd  chosen  sh o u ld  possess an, 

a v e rag e  a n d  s im ila r  ex p an sio n  to  t h a t  o f  th e  
sam ple, so t h a t  o ne  can , w ith o u t g iv in g  in co n 
v e n ie n t d im ensions to  th e  d iag ra m s , a d m it  o f  a 
h ig h  ra n g e  as re g a rd s  th e  o rd in a te s . T h u s, th e  
d iffe re n tia l a p p a ra tu s  is sen sitiv e . I t  show s u p  
d ire c tio n a l changes, fro m  th e  n o rm al th e rm a l e x 



pansions, an d  also th e  v e ry  sm all jogs w hich a re  
liab le  to  be m asked  th ro u g h  th e  ra p id  rise  of th e  
t r u e  d i la ta tio n  cu rves. A n o th e r q u a lity  shown 
from  th e  nse  o f a n  ex p an sio n  p y ro m e te r is t h a t  
th e  a p p a ra tu s  is ro b u st, re liab le , an d  is com pletely  
fool-proof. T he cu rves a re  e n tire ly  free  from  
acc id en ta l v a r ia tio n s . I t  is possible, by a 
g ra p h ic  e lab o ra tio n , to  t r a c e  th e  curves o b ta in e d , 
which w ill a c c e n tu a te  th e  s lig h te s t a b n o rm a lity  in

F i g . 4.
R eversib le transform ation  o f C em entito d irectional 
ch an ge. Standard used w as e lectro ly tic  iron.
C =  R eg istered  Curve; r  =  D erived Curve;

0c =  C urie’s P o in t.

th e  curve. The c learness of th e  cu rv e  is a  g re a t  
help  to  r a tio n a l  conclusions. F ro m  th is  p o in t of 
view, th e  d iffe ren tia l d ila to m e tric  a p p a ra tu s  
a p p ea rs  to  p re se n t a  d e fin ite  a d v a n ta g e  over 
a p p a ra ti  g iv in g  d irec t read in g s which re ly  upon  
th e  c o n stru c tio n  of a curve  by a  se ries of p o in ts , 
an d  in co rp o ra te s  th e  e n reg is te r in g  by  a  g a lv an o 
m eter, w hich l a t t e r  is  alw ays liab le  to  be  affected 
by o u ts id e  conditions.
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Uniformity of Temperature.
T he w o rk in g  of th e  d ila to m e te r  p resu p p o ses t h a t  

th e  tw o sam ples a re  k e p t  c o n s ta n tly  a t  th e  sam e  
te m p e ra tu re . To w h a t  e x te n t  is th is  c 
rea lised ?  M an y  e x p e rim e n ts  h a v e  been  c a r r ie d  
o u t  to  d e te rm in e  th is . I n  o rd e r  to  e n su re  th is  
th e rm a l u n ifo rm ity , sam ples o f th e  sam e  m ass as 
th e  s ta n d a rd  a re  used, w h ils t th e i r  calorific  c a p a 
c itie s  should  h av e  b u t  sm all d ifferences. T h e  
a p p a ra tu s  is c e n tre d  in  a n  e le c tr ic  fu rn a c e  w hich 
is p ro v id ed  w ith  a  n icke l co p p er muffle. B ecau se  
of th ese  p re ca u tio n s , e q u a lity  in  t e m p e ra tu r e  is  
e stab lish ed  w ith in  tw o o r th re e  deg rees, e x c e p t 
when th e  sam ple  is o u ts id e  i ts  th e rm a l s ta b il i ty

l o o

/{y
F i g . 5.

R eversib le tran sform ation  o f  45 per ce n t , ferro- 
nick el, P yros b ein g  used a s  stan d ard . T he d ot  
and dash  iin e  is  th e  d erived  curve. 0c. C urio’s  

p oin t.

as a  re su l t  of a t r a n s fo rm a tio n . I t  w ould  a p p e a r  
in  th is  cas© to  g iv e  a  p a ra s i t ic  jo g , of w hich  
exam ples w ill be  g iven .

I n  o rd e r  to  e lim in a te  th em , i t  is  su ffic ien t to  
p lace  th e  s ta n d a rd  sam p le  in  th e  in s id e  of th e  
sam ple  to  be  te s te d . I n  th e  a p p a r a tu s  show n in 
F ig . 2 th e  p y ro m e te r needles v ery  l ig h tly  to u ch  th e  
sam ple, an d  exp erien ces th e  sam e d if fe re n tia tio n  
in  te m p e ra tu re .  W hen  re a d in g  a d ia g ra m , i t  is 
easy to  d is tin g u ish  t r u e  m a n ife s ta t io n , as p a r a 
s itic  jogs a re  a lw ays localised  in  a s t r a ig h t  te m 
p e ra tu re  in te rv a l, an d  of w hich  th e  d ire c tio n  can  
be re g u la r ly  v isu a lised . Also, as th e  sam p le  is 
hollow, i t  is m ore  d ifficult to  p re p a re  th a n  a



c y lin d rica l sam ple , such a s  u sed  for th e  f irs t 
a p p a ra tu s . T h is  l a t t e r  is p rin c ip a lly  used, an d  
is to  be recom m ended.

Calculation of the Co-efficient of Expansion.
T he d iffe ren tia l d ila to m e te r  is n o t a p p a ra tu s  

sim ply fo r th e rm a l analysis, as i t  also allow s of 
th e  m easu rin g  o f th e  ex p ansion  of bod ies of all 
te m p e ra tu re s  less th a n  1,100  to  1,200 deg. C. 
T his e v a lu a tio n  is de riv ed  from  th e  g ra p h ic  d e te r 
m in a tio n  of th e  re su lts . T he o p e ra tio n  gives 
c lear d iag ram s, w hich is an  a id  to  c lear in te rp re 
ta t io n . T h e  t r u e  co-efficients c a lcu la te d  from  
th is  m eth o d  a re  o b ta in e d  w ith  a  p recisio n  am ply  
sufficient fo r p rac tice . T he t r u e  e r ro r  ra re ly  
exceeds 0,2 .10-°.

Cast Iron.
O rd in a ry  c a s t iro n  is e ssen tia lly  fo rm ed by th e  

assoc ia tion  of f e r r i te ,  c em en tite , and  g ra p h ite . 
W hen th e  cooling from  th e  liq u id  s ta te  is ra p id , 
th e  c o n s titu e n ts  to  be assoc ia ted  w ith  steel a re  
fo u n d . T hese a re  a u s te n ite  an d  m a r te n s ite . I t  
is p roposed  to  deal w ith  firs t o f all th e  d ila to - 
m e tric  p ro p e rtie s  of th e se  c o n s titu e n ts , th e n  d irec 
tio n a l changes a n d  m u tu a l  reac tio n s. As th is  is 
a  resum e, i t  w ill suffice to  deal w ith  th e  fe a tu re s  
of th e  d i la ta tio n  d iag ram s an d  tb e ir  physiochem ical 
s ign ifica tion . T he in te rp re ta t io n  o f th ese  fe a tu re s  
will be discussed in  d e ta il in  th e  fin ished m em oir.

Constituents of Cast Iron.
Iro n  (F ig . 3 ).—T h is d iag ra m  re la te s  to  a  sam ple  

of Sw edish iro n  p ra c tic a lly  free  from  carbon  
(O =  0.035 p e r  c en t.) .

T he m ag n e tic  tra n s fo rm a tio n  is  m ark ed  by a 
d ila ta t io n  d irec tio n a l ch an g e  Ac2 — A r2, a t  
770 deg. O., w hich is reversib le , a n d  which con
sists  of a  ra p id  v a r ia tio n  in  th e  d ila to m e tric  p ro 
p e r tie s  in  th e  reg io n  w here  m a g n e tisa tio n  d is
ap p ea rs . (C u rie ’s p o in t.)

T he ra d io g ra p h ic  analysis by "W estgren and  
P h ra g m en  confirm  th e  p rev io u s conclusions of 
G re n e t a n d  W eiss, show ing t h a t  th ese  t r a n s 
fo rm atio n s  a r e  c a r r ie d  o u t w ith o u t ch an g e  of 
phase. T h e  reg io n  of th e  s ta b le  a lp h a  s ta te  a t  
cold ex ten d s from  th e  ab so lu te  zero  to  920 deg. 
T h ere  is  n o t ¡sufficient sp ace  av a ilab le  to  deal 
w ith  b e ta  iron .
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On th e  c o n tra ry , th e  t r a n s fo rm a tio n  Ac3 -  A r3 
d e fin ite ly  co rresp o n d s to  a  c h an g e  of p h ase  : 
A lpha  gam m a. S ta b le  g am m a  iro n  w hen  -Hot 
possesses a  c ry s ta ll in e  system  (cubic w ith  c e n tre d  
face ts )  a n d  p h y sica l p ro p e rt ie s  q u ite  d is t in c t  fro m  
th is  system  a n d  th e  p ro p e rtie s  o f a lp h a  iro n , t i n s  
a llo tro p ie  tra n s fo rm a tio n  is som etim es th o u g h t  
to  be b ro u g h t a b o u t  by  a  c o n tra c tio n  o f Acd 
w hich  is sm all w hen  th e - i r o n  is  p u re , b u t  e x te n d e d  
w hen th e  iro n  c o n ta in s  carb o n , o x y gen , e tc . I h e  
ex is ten ce  o f a  b en d  a t  th e  s t a r t  o f  th e  p o in t  Ac3 
of th e  d ila to m e tric  c u rv e  is  th u s  c h a ra c te r is t ic  o f 
th e  im p u r i t ie s  of iro n .

C e m e n tite  h a s  been  iso la te d  by  P ro fe sso r  
A rno ld , who used  a  d i lu te  h y d ro c h lo ric  ac id  solu-
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F ig .  6 .
R eversib le tran sform ation  o f p ure n ick e l. P yros  
standard  nsed. Sc,  C urie’s  p o in t. T h e  derived  

cu rve is  show n  d otted .

t io n , w hich was e lectro lysed  by  ta k in g  as th e  
ca th o d e  a  sh e e t of lead , a n d  fo r  th e  a n o d e  a  sh e e t 
of carb o n  stee l. T he iro n  in  th is  s tee l a lo n e  is  
a tta c k e d , a n d  th e  inso lub le  c e m e n tite  is  p re c ip i
ta te d  as a  b lack  p o w der. T h is  p o w d er t i t r a t e d  
w ith  a  few  d ro p s of s ilic a te  o f  soda a n d  w hen  com 
pressed  in  a  m o u ld  su p p lies  a  sam p le  su ffic ien tly  
solid  fo r d i la ta t io n  te s ts .

C e m en tite , h a y in g  fe rro -m a g n e tic  p ro p e r t ie s , 
possesses a  d i la ta t io n  d ire c tio n a l c h an g e  w hich  is 
d e fin ite ly  p ro n o u n ced  (F ig . 4). C u r ie ’s p o in t  is 
found  a b o u t 210 deg. 0 .  T h is p o in t  c o rre sp o n d s 
w ith  th e  p e ak  in  th e  d e riv e d  cu rve.

All fe rro -m a g n e tic  bodies an d  alloys su ch  as 
a lp h a  iro n , c em en tite , m a g n e tite , fe rro -n ie k e l,



fe rro -cobalt, e tc ., p re se n t a  d irec tio n a l ch an g e  of 
th is  c h a ra c te r . B u t  th e  d irec tio n  a n d  in te n s ity  
of th e  phenom enon v a rie s  from  o n e  su b stan ce  to  
th e  o th e r . (1) I n  a  45 p e r  cen t, fe rro -n ick e l 
show n in  F ig . 5 th e  d i la ta tio n  d ire c tio n a l change  
which accom panies th e  m ag n e tic  tra n s fo rm a tio n  
is defin itely  co m p arab le  w ith  t h a t  of c em en tite . 
T he cu rve  fo r  p u re  n icke l (F ig . 6) sy m m etrica lly  
coincides w ith  th e  p reced in g  ones, so f a r  as th e  
h o rizo n ta l ax is  is concerned , b u t  in  every  case 
th e  b en d in g  p o in t in  th e  re su ltin g  cu rv e  coincides 
w ith  C u rie ’s p o in t, as rev ea led  by th erm o -m ag 
n e tic  m ethods. I t  should  be  no ticed  t h a t  th e  
reversib le  d irec tio n a l change  in  d i la ta t io n  is n o t 
on ly  m et w ith  in  fe rro -m a g n e tic  bodies. T hus

2.10
\y
o,3

F i g . 7.
R eversib le d irection a l ch an ge o f a Ou-Al solid solution .
The fu ll lin e  is  th e  registered  curve, and th e  d otted  
one th e  derived curve. Curve 1 con ta in s 8.64, and  

Curve 2 3.92 per cent. Al.

so lid  so lu tions, such as co p p er-a lu m in iu m  alloys 
(F ig . 7), show i t  up  v e ry  c learly  ab o u t 250 deg. C.

D ia g ram  2 o f F ig . 7 calls fo r  a n o th e r  re m a rk . 
T he re su ltin g  c u rv e  shows a b end  w hich th e  
ap p ea ran c e  of th e  first curve  would n o t  pre-sup- 
pose. T his re su lt  shows th e  su p e r io r ity  of an 
a p p a ra tu s  g iv in g  co n tin u o u s re g is tra tio n , asso
c ia ted  w ith  c lear tr a c in g  and  devoid of o u tside  
in te rfe ren ces . T he d irec tio n a l change  of cem en
t i t e  is  shown in  a ll ag g reg a te s  w here  i t  ex is ts  in  
th e  fre e  s ta te ,  such as carbon steels  (F igs. 8 and
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10) an d  w h ite  irons. A q u a n ti ty  of c e m e n tite  
c o rre sp o n d in g  to  a  carb o n  c o n te n t of 0.05 p e r 
c en t, o n ly  a p p e a rs  o n  th e  d i la ta t io n  d ia g ra m  when 
th e  d e riv ed  cu rv e  is tra c e d . T h is  p h en o m en o n  of 
iro n  ca rb id e  c o n s t itu te s  a  p o in te r , an d  even  con-

A E u tecto id  Carbon S teel. (C. 0.85). P yros  stand ard  
used.

ta in s  so m eth in g  o f a n  e le m en t o f q u a n t i ta t iv e  
a p p ro x im a tio n .

G ra p h ite .— F ig . 9 h as re fe re n c e  to  a  sam p le  c u t  
from  an  Acheson e lec tro d e . A sam p le  of 
a g g lo m era ted  C eylon g ra p h ite  m ix ed  w ith  s ilic a te  
of soda h a s  g iv en  a  s im ila r  d ia g ra m . G ra p h ite  is

F ig . 9.
G raph ite E lectrod e. P yros stan d ard  u sed.

only s lig h tly  ex p an d a b le , a n d  is f re e  fro m  th e rm a l 
p e r tu rb a tio n s . T h is sm a ll .ex p a n d ab ility  b r in g s  
a b o u t th e  r u p tu r e  o f th e  lamellae o f g ra p h ite  
w hen ca6t  iro n  is su b je c t to  a  t ra n s fo rm a tio n  
in c o rp o ra tin g  im p o r ta n t  ch an g es of len g th . I t  
re su lts  in  sw elling  an d  in  p o rosity
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C om plex C e m e n tite .— M an g an ese , ch rom ium ,
v an ad iu m , tu n g s te n , e tc ., also fo rm  d efin ite  com 
pounds w ith  carb o n . T hese ca rb id es  assoc iate  
them selves w ith  th e  c e m e n tite  in  c a s t iro n  an d  
specia l s teels. F ig . 11 is a  g ro u p  of d iag ra m s 
o b ta in e d  from  c a s t iro n s  a ll c a r ry in g  a b o u t  4.5 
p e r cen t, o f com bined carbon  an d  m an g an ese  con
te n ts  ra n g in g  from  0 ;  0 .75 ; 1 .6 ; 2 .9 ; 4 .0 ; to  8.1 
p e r  cen t. C u rie ’s p o in t  is  seen to  be re tro g ra d e , 
a n d  th is  co n tin u o u sly , w hich p roves t h a t  m an 
g an ese  ca rb id e  fo rm s a so lid  so lu tio n  w ith  F e 3C.

A sim ila r conclusion is  to  b e  d raw n  from  F ig . 12, 
w hich re la te s  to  ch rom ium  cas t iro n . I n  these  
specia l c a s t  iro n s, o f w hich  th e  com bined carbon  
c o n te n ts  is p ra c tic a lly  th e  sam e (4.5 p e r  c en t.) , 
th e  low ering  of C u rie ’s p o in t is d u e  to  th e  cem en
t i t e ,  a n d  is p ro p o r t io n a te  to  th e  m an g an ese  o r 
chrom e c o n te n t (F ig . 13). T hus, acco rd in g  to  th e  
p o sitio n  of C u rie ’s p o in t,  w hich  corresponds, as 
re g a rd s  c em en tite , i t  is possible to  a p p rec ia te  
w h e th er th is  la t t e r  is p u re , o r if  i t  c o n ta in s  an 
e lem en t such as m an ganese , chrom e, e tc . B y th is

C em entite d irection a l ch an ge in 1.15 per cent.
Carbon S teel. E lectro ly tic  Iron used a s  standard .

m ethod  th e  changes o f th e  carb id e  in  a  steel d u r in g  
th e  course  of h e a t  t r e a tm e n t  c a n  bo followed.

P e a r lite -E u te c to id  S te e l .— P e a r l i te  o r  th e  iron 
c em en tite  e u tec to id  is en co u n te red  in  all iron- 
carb o n  alloys in  th e  in s tab le  s ta te .  I n  o rd e r  to  
s tu d y  th ese  p ro p e rtie s , a  steel c o n ta in in g  0.85 p e r  
c en t, carbon , w hich p ra c tic a lly  consists of p u re  
p e a r lite  (F ig . 8) was ta k e n . A bout 730 deg. C. iron  
a n d  c em en tite  re a c t  in  o rd e r to  p roduce  a u s te n ite , 
a solid so lu tio n  of th e  carbon  in  gam m a iro n . T his 
reac tio n , w hich is iso therm ic, a cco rd in g  to  th e
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phase ru le , is acco m p an ied  by a  c o n tra c tio n . T h e  
th e rm a l phenom enon  w hich  accom pan ies th is  
c rea te s  a  d ifference  o f te m p e ra tu re  b e tw een  e 
s ta n d a rd  sam ple  a n d  th e  steel sam ple . t h i s  
d ifference te n d s  to  be  n a rro w ed  as soon as th e  
re ac tio n  finishes. T h a t  is why th e  n o rm a l con
tra c tio n  is p ro longed  by a  p a ra s i t ic  bend , b u t  i t  is  
easy  to  m ak e  a n  a b s tr a c t  fro m  i t ,  a n d  a t te n t io n  
b e in g  d raw n  to  th is  accessory ph en o m en o n  a n y  
fa lse  in te rp re ta t io n  o f th e  b ends, w ill be  av o ided .

Cementate d irection a l c h a n g es  in  com p lex  C em en tites  
in  m an gan iferou s C ast Iron s. E le c tro ly tic  iron  
used a s  stand ard . T h e carbons averaged  4.5 per  
cen t, and  th e  m an gan ese  ran ged  from  n il in  Curve I 

to  8.1 per cen t, in  Curve 5.

T he cu rv e  0  is  n o th in g  else b u t  a  d ire c tio n a l 
ch an g e  o f th e  cem en tite .

A u s te n i te .— P u r e  a u s te n i te — t h a t  is, a  so lid  
so lu tion  of th e  c a rb o n  in  g am m a iro n — is only  
sta b le  above 700 deg. C ., b u t  i t  ex is ts  p a r t ia l ly  
u n a lte re d  a t  closely a p p ro x im a tin g  te m p e ra tu re s ,  
w hen i t  is su b je c ted  to  a  q u ick  coo ling  fro m  h ig h  
te m p e ra tu re  (su p e r-q u en o h in g ). B y  su ck  a  t r e a t 
m en t, p u re  a u s te n ite  is n e v e r  o b ta in e d , even  w hen 
s ta r t in g  w ith  a n  alloy  co n sis tin g  solely o f  iro n  
an d  carbon . I t  th u s  becom es n ecessa ry  to  u til is e
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a  s teel c a r ry in g  an  a d d itio n , such as m an ganese, 
w hich  allows o ne  to  ta k e  in to  co n sid e ra tio n  th is  
fo re ig n  body in  th e  q u a n ti ta t iv e  in te rp re ta t io n  of 
th e  re su lts .

F ig . 14 re fe rs  to  a m an g an ese  s te e l co n ta in in g  
carbon  1.5 a n d  m an g an ese  2.05 p e r  cen t, quenched  
from  1,150 deg. C. in  w a te r , a n d  te s te d  beside  a  
s ta n d a rd  sam ple  consisting  of e le c tro ly tic  iron . 
A t th e  b e g in n in g  o f th e  e x p e rim e n t th e  alloy is 
m ag n e tic , a n d  th e  m icroscope shows up  a u s te n ite  
fre e  from  m a r te n s ite . T h is a u s te n ite  is very  
d ila tab le , as i t  shows a  c lear in c lin a tio n  in  curves

C em entite d irection al ch an ges in  chrom e ca st iron.
T h e carbon averages 4.45 per cen t., and the  
chrom ium  ran ges from  n il. in  Curve 1 u p  to  8.78 

per cen t, in  Curve 6.

1, 2, a n d  3. M oreover, i t  is s ta b le  w hen re -h e a te d  
u n t i l  th e  te m p e ra tu re  exceeds 325 deg. C. T hen  
th e  cu rv es 1, 2, a n d  3 a r e  a lm o st reversib le .

A t 350 deg. C. (Cycle N o, 4) th e  a u s te n ite  
ra p id ly  decom poses w ith  th e  g e n e ra tio n  of h e a t, 
w hich c re a te s  p a ra s i t ic  bend  (A), w hich is well 
defined. T he r e tu rn  cu rve  of Cycle 4 is alm ost 
h o rizo n ta l. I t  shows th a t  th e  iron  h a s  re tu rn e d  
to  th e  a lp h a  s ta te . M oreover, i t  shows a  d irec 
t io n a l ch an g e  o f th e  c a rb id e  C l ,  an d  proves t h a t  
th e  A u s te n ite  decom poses in to  f e r r i te  a n d  carb ide .

B u t th e  p o in t C is below 210 d e g . ; th e  carb id es 
l ib e ra te d  by  th e  decom position  of th e  A u s te n ite
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c o n ta in  m an g an ese , tlris  e lem en t b e in g  d iv id e d  
be tw een  th e  com plex c e m e n tite  a n d  th e  f e r r i te .

As th e  h e a t in g  p ro g resses, p h en o m en o n  L 
d ecreases, a n d  in  a  q teel h e a te d  to  850 deg. O. 
(C urve  8) th e  te m p e ra tu re  C , is c le a rly  low er th a n  
t h a t  o f C j. T h u s th e  co-efficient of th e  d iv is io n  of 
th e  m an g an ese  b e tw een  th e  c a rb id e  a n d  th e  
f e r r i t e  v a r ie s  acco rd in g  to  th e  t e m p e ra tu r e  to  
w hich  th e  sam p le  h a s  been  ra ised . D ila to m e tr ic  
an a ly sis  shows th is  c h an g e  of com position .

M a rte n s ite .— M a rte n s ite — a  c o n s t itu e n t  asso
c ia ted  w ith  q u en ch in g — c a n n o t be  o b ta in e d  in  a

V ariation  o f th e  tem p eratu re of C urie’s  p o in t w ith  
th e  chrom e or m an ganese con ten t in  c a st iron , 

carry in g  ab ou t 4.5 per cen t, o f com bined  carbon .

p u re  s ta te . T h e  t ra n s fo rm a tio n  w hich  g ives r ise  
to  i ts  p ro d u c tio n  is effec tive  a t  low te m p e ra tu re ,  
a n d  is n e v e r  com ple te . M a r te n s ite  is a lw ay s  
accom pan ied  by a n  excess of A u s te n ite . Also, th e  
d i la ta t io n  d ire c tio n a l ch an g es c h a ra c te r is tic  o f th e  
decom position  o f th e se  tw o c o n s titu e n ts  w ill s u p e r 
pose them selves in  th e  r e tu r n  c u rv e  (cooling).

I f  a eu te c to id  steel is q uenched  fro m  v e ry  h ig h  
te m p e ra tu re  so as to  o b ta in , in  th e  M a r te n s ite ,  a



213

considerab le  p e rce n ta g e  o f A u s te n ite , th en  on 
re h e a tin g  (F ig . 15) an  im p o r ta n t  c o n tra c tio n  is 
no ticed , b u t  th e  speed is ve ry  v a r ia b le  acco rd ing  
to th e  te m p e ra tu re . O ne is th u s  led to  believe 
th a t  th is  cu rv e  is th e  re s u l ta n t  of tw o p h en o m en a  
— (1 ) a  co n tin u o u s c o n tra c tio n , w hich  corresponds 
to  th e  decom position  of th e  M a r te n s ite , an d  (2) a  
localised exp an sio n , w ith  a  p a ra s i t ic  jo g  A, which 
m ore or less n e u tra lis e s  th e  p reced in g  c o n tra c tio n  
an d  which h as re fe re n ce  to  th e  decom position  of

C ycles o f h eat trea tin g  of A usten ite . obtained  by 
superqueuching a m an ganese steel. C =  1.50; inn. 2.05 
per cent, e lectro ly tic  iron used as standard . A =  P ara
s it ic  gob. CVC2 =  D irection a l ch an ge o f th e man- 

gan iferou s C em entite.

th e  A u s ten ite . O n th e  r e tu rn  cu rve, a f te r  re 
h e a tin g  to  700 d eg ., th e  c em en tite  d irec tio n a l 
ch an g e  (C) h as e x ac tly  th e  sam e v a lu e  as in  a steel 
h e a te d  to  800 deg. C. T he S o rb ite  is th e re fo re  an 
a g g re g a te  of iron  an d  c em en tite , an d  is of th e  
sam e com position  as p e a r lite .

In  a  second e x p e rim e n t th e  s tee l w as quenched 
a t  800 deg. C. in  o rd e r to  en su re  a  sm all excess 
of A u s te n ite , an d  gave th e  cu rv e  show n in  F ig . 16, 
in  w hich (1 ) th e  cem en tite  d irec tio n a l change does 
n o t e x is t in  th e  quenched  stee l re -h e a te d  to  250 
deg. C. T his shows t h a t  in  M a rte n s ite  th e  carbon
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is in a s ta te  below and  n o t in  th e  f°r™  ol 
c em en tite  in v is ib le  u n d e r  th e  m icroscope. (2) 1 he  
d irec tio n a l ch an g e  C. a p p ea red  p ro g ressiv e ly , a n d  
th e  r a te  of th is  is  d e fin ite ly  p a ra lle l  to  th e  d ecrease  
in  th e  h a rd n ess .

The Graphitisation of Cementite.
I n  ordeir to  th ro w  l ig h t  u p o n  th e  ro le  o f silicon 

a n d  m an g an ese , th e  a u th o r  p re p a re d  a  se rie s  of 
sy n th e tic  c a s t  iro n s  in  a n  e lec tr ic  la b o ra to ry  f u r 
nace , u s in g  p u re  ra w  m a te r ia ls  c o n s is tin g  o f elec
tro ly t ic  iro n , g ra p h ite ,  fe rro -s ilico n , an d  a lu m in o

F i g . 15.

T herm al h istory  of a  0.85 per c e n t C arbon S teel 
quenched in  w ater, from  1,150 d eg . C. Pyxos w as  
used a s  stand ard . A =  P a r a sit ic  jo g  re la t in g  to  
th e  decom position  o f th e  A osten ite . 0  =  C em en tite  

d irection a l ch an ge.

th e rm ic  m an g an ese . T h e  alloys w ere c a s t  a t  1,400 
deg. O. in to  o a s t- iro n  in g o t m ou lds so a s  to  fo rm  
rods o f 4 m m . d ia m e te r . U n d e r su ch  c o n d itio n s  
so lid ification  becom es e x tre m e ly  r a p id ,  a n d  th e  
iro n s u su a lly  t u r n  o u t  w h ite . M o reover, one c a n  
d efin ite ly  a sso c ia te  w ith  i t  a t r u e  m a r te n s i t ic  
q uench . I n  a ll th e  e x p e rim e n ts  to  be d e sc rib ed  th e  
speed o f h e a tin g  w as k e p t  p ra c tic a lly  c o n s ta n t  a t  
a b o u t 250 deg. p e r  h o u r.



V ery  P ure  W h ite  Iro n  A .— T h is iro n  show ed th e  
follow ing c o m p o s itio n :—C .C ., 4 .44 ; G r, n i l ;  Si, 
0.14 p e r c e n t . ; an d  M n, trac e . The firs t cycle,

R eh eatin g  cy c les  from .85 Carbon S teel quenched  
in  w ater  from 800 d eg . C ent. E lectro ly tic  Iron  
standard  used. 0  =  P rogressive appearance of 

C em entite d irection al ch an ge.

S yn th etic  C ast Iron a fter  ca stin g . C. 4.44; Si 0.14; 
l l n .  T r .; P yros standard  used. C, C em en tite  
d irection al ch an ge; G, G rap h itisa tion ; Ac-Ar, A llo

trop ie tran sform ation .

show n in  F ig . 17, shows in  a  s tr ik in g  m an n er 
th e  rev ers ib le  cem en tite  d ire c tio n a l ch an g e  C. On 
cu rv e  2 th e re  is reco rded , on h e a tin g  u p  th e  d ireo-
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tiona] c h an g e  C , th e  jo g , g iv en  by th e t r a n s f o i  ”1?" 
t io n  o f th e  p e a r l i te  Ac, a n d  above 1,000 deg. C ., 
an  ascension  G. T h en  on coo ling  th e  fo rm a tio n  o 
th e  p e a r l i te  A r a n d  th e  d ire c tio n a l c h an g e  g iv en  
by th e  c em en tite .

On c a re fu l e x a m in a tio n  th e  r e tu r n  c u rv e  show s 
t h a t  th e  d ire c tio n a l  c h an g e  of th e  c e m e n ti te  is 
less in te n se  th a n  on h e a tin g . T h is  re s u l t  is co n 
firm ed by m ic ro g rap h ic  o b se rv a tio n , w hich  show s 
g ra p h ite  p a r tic le s  a f te r  cycle 2. T h u s  th e  p h e 
nom enon G re la te s  to  th e  g r a p h it i s a t io n  o f th e  
cem en tite . I t  is th u s  show n t h a t  th e  re a c tio n

S yn th etic  C ast Iron  B, a fter  ca s t in g . C. 4.8; Si 0.85;
Mn. Tr. ; P yros standard  used. C, C em en tite  d irec
tion a l ch a n g e; S, R eh ea tin g  bend from  M arten site  
and d oub tless A u sten ite . G, G r ap h itisa tion  of 

C em entite.

s t a r t s  a t  h ig h  te m p e ra tu re  a n d  t h a t  i ts  speed is 
slow.

The Influence of Silicon.
T ab le  I shows th e  com position  of th e  sam ples 

ex p e rim e n ted  upon .
Table 1, show ing  com position  o f sam ples u sed  fo r  

a scerta in in g  th e  in flu en ce  o f silicon .
Sample.

B. .
C. .
D. .
E. .

T ot. C. 
4.80 
4.85 
4.42 
4.36

Si.
0.85
1.70
2.38
4.78

Mn.
Tr.

I t  is well know n t h a t  silicon is a n  e n e rg e tic  
a cc e le ra to r of g ra p h it is a tio n . W ith  0.85 p e r  c en t.



Si, th e  g ra p h it is a tio n  oi sam ple  B s ta r te d  a t  800 
deg. (cu rve  3 of F ig . 18), an d  th e  phenom enon  is 
ra p id . I f  th e  te m p e ra tu re  is ta k e n  to  1,050 deg. 
C. th e  c em en tite  is to ta lly  decom posed. P ro o f of 
th is  is g iven  ¡by re fe r r in g  to  th e  novel d ila tio n  
cycles a f te r  th e  phenom enon  G (cycles 4 a n d  5 of 
F ig . 19). T h is asp ec t of th e  d iag ra m  is p ro fo u n d ly  
d iffe ren t. T he d irec tio n a l ch an g e  o f th e  cem en tite  
has p ra c tic a lly  d isa p p ea red , an d  th e  jogs Ac and  
A r co rrespond  to  th e  s tab le  iro n -g ra p h ite  system .

T he d iag ra m s of th e  sam ples C, D a n d  E , of 
which th e  silicon c o n te n ts  a r e  in  in c re a s in g  
a m o u n ts , call fo r th  th e  sam e obse rv a tio n s. As

S yn th etic  C ast Iron B, a lte r  grap h itisa tion . Same

silicon is ad d ed  so th e  te m p e ra tu re  of g ra p h it is a 
tio n  (G) decreases, an d  th is  p ra c tic a lly  con
tin u o u s ly  u n t il  i t  s tab ilises  its e lf  a t  600 to  650 
deg. C ., when th e  silicon c o n te n t  will have  reached
4.0 p e r  cen t.

G ra p h itisa tio n  is in d ep e n d en t of th e  A c t r a n s 
fo rm a tio n . A ccord ing  to  silicon c o n te n t, th e  
ascen d in g  curve  G s ta r ts  e ith e r  above or below 
th e  Ac p o in t. In  F ig . 20 th e  Ac p o in t is seen to  
be r ig h t  in th e  m iddle of th e  g ra p h it is a tio n  p eriod .

In  a ll th ese  d iag ra m s th e  f irs t th e rm a l cycle 
shows a  b end  S on h e a tin g  analogous to  t h a t  
e x h ib ited  by quenched  steels. T h u s c a s tin g  in  
chills se ts up  two q u ite  d is t in c t  phenom ena, th o u g h  
both  a r e  re fe r re d  to  u n d e r  th e  n am e o f “  ch illed  ” 
(quenched). T he first is th e  p ro d u c tio n  of th e

F  £G. 19.

sam ple as F ig . 18.
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u n s ta b le  system , iro n — cem en tito , an d  th e  second 
a t r u e  m a r te n s i t ic  qu en ch , s im ila r  to  t h a t  o t s teel.

Influence of Carbon.
T he c a s t  iro n  sam ples j u s t  o u tlin e d  hav e  a 

ca rb o n  c o n te n t of a b o u t  4 .5  p e r  c en t. I t  is now- 
p roposed  to  co n sid er o ne  c o n ta in in g  m u ch  less 
ca rb o n , sam ple  F . I t s  an a ly s is  is C, 1 .6 8 ; b i,  l .A )  
p e r  c e n t . ;  a n d  M n , tra c e .  (F ig . 23).

T h e  in te n s i ty  of th e  jo g  S o n  h e a tin g  is  ve ry  
p ro n o u n ced . T h e  g ra p h it is a t io n  (G) scarce ly  
com m ences u n til  875 deg. C ., w hereas in  an  iro n

S yn th etic  C ast Iron . C . a fte r  c a s t in g . C . 4.85;
Si 1,70; M n. T r.; P yros used  as stan d ard . 0 .  
C em entite d irection a l ch a n g e; S, K eh ea tin g  
bend; G, G rap h itisa tion ; Ac-Ar, A llotropie  

tran sform ation .

c a rry in g  th e  sam e silicon  c o n te n ts  a n d  4 .5  p e r  
cen t. C ., i t  w ould o ccu r fro m  650 deg . C. T his 
confirm s th e  w ell-know n fa c t  t h a t  silicon  an d  
cartoon h e lp  g ra p h it is a t io n . Above G th e  d i la ta 
t io n  c u rv e  ex p erien c e s  a c h an g e  o f d i re c tio n  P , 
a n d  beyond  becom es sensib ly  rev ers ib le . W h e re a s  
on cooling th e  g ra p h it is a t io n  c h a ra c te r is e d  b y  th e  
ascension  o f th e  c u rv e  r e tu r n s  a t  te m p e ra tu re s  
low er th a n  t h a t  o f P .  T h e  t e m p e ra tu r e  of th e  
phenom enon P  c o rre sp o n d s to  th e  l in e  o f  R ooze- 
boom ’s d ia g ra m — th e  l im it  of th e  so lu b ility  of



S yn th etic  Cast iron . D , after  ca stin g ; C. 4.42; Si 
2.39; Mn. Tr.; P yros used a s  stand ard . C, d irec
tion a l ch an ge of th e C em en tite; S, bend on 
reh eatin g; G, G rap h itisa tion ; Ac-Ar, A llotropie 

transform ation .

F i g . 21.

F ig . 22.
S yn th etic  C ast Iron. E, after  ca stin g . C =  4.36, 
Si 4.78; Mn. Tr. ; P yros standard  u sed. C, 
C em entite d irection a l ch an ge; S, R eh ea tin g  bend; 
G =  T otal grap h itisa tion . Ac-Ar, A llotropie trans

form ation  in  th e  Iron-G raphite system .
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g ra p h ite  in  a u s te n ite .  A bove P  th e  alloy  is a 
hom ogeneous so lid  so lu tio n , a n d  g r a p h it is a t io n  
ceases, to  re -oocur a g a in  below .

Complex Phenomena Observed in Cast Iron Contained 
in Silicon and Manganese.

T h e  iro n  used  c o n ta in e d  C, 4 .2 0 ; S i, 1 .34 ; a n d  
M n, 4.06 p e r  c e n t (F ig . 24). T he m an g an ese  te n d s

A.

At

F ig . 23.
S yn th etic  Iron  F . a f te r  c a s t in g . C =  1.18; S i 
1.20; Mn. Tr. P yros stand ard  u sed. C  =  d irec
t io n a l ch a n g e  o f th e  C em en tite; S , R e h ea tin g  
B end. G =  G ra p h itisa tio n . Ac-Ar, A llotropie  
m odification . P  =  T ota l s o lu b ility  o f th e  carbon .

to  c o u n te ra c t  th e  a c tio n  of th e  s ilicon  on  
g ra p h it is a tio n . I t  e n te r s  in to  th e  c o n s t i tu t io n  o f 
com plex c em en tite s , a n d  re n d e rs  th e  iron^carbon  
alloys self h a rd . C om plex p h e n o m en a  a re  th u s  to  
be exp ec ted  in  th e  co u rse  o f re h e a tin g  a n d  iro n  
c o n ta in in g  b o th  silicon  a n d  m an g an ese  w hich h a s  
been  ch ill c a s t.  I t  is p ro p o sed  to  show  b y  an  
ex am ple  t h a t  i t  is possib le to  c le a r  u p  th e se  
o bscure  phenom ena.

C ycle 1 o f F ig . 24 show s firs t o f a ll a b o u t  125 
deg. C., th e  d ire c tio n a l c h an g e  o f th e  com plex  
c a rb id e , th e n  th e  c u rv e  ta k e s  an  a scen d in g  course .
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A fte r  a  jog  S, i t  r e tu r n s  to  n e a rly  h o rizo n ta l, an d  
th e  d ire c tio n a l ch an g e  o f th e  c a rb id e  a g a in  
a p p ea rs  w ith  an  a d d e d  in te n s ity . T he e x p la n a-

F ig . 24.
S y n th etic  Cast Iron a fter  ca stin g . P yros s ta n 
dard used. C. 4.20; Si 1.34; Mn. 4.05. C , G em entite 
d irection a l ch an ge; S, R eh ea tin g  bend; A c, A llo
trop ie tran sform ation  on h ea tin g ; Ar'-Ar” , A llo
trop ie tran sform ation  on coo lin g; G , G rap h itisa tion .

tio n  is sim ple. T he c a s t  iron  c a s t  in  4 m m. rods

F ig . 25.

V ery grey  im pure Cast iron. C. 3.30; S i 3.00; Mn 
3.25; S. 0.011; P . 0.082. P yros stand ard  used.

m arten s ite , w hich  induces h ig h  d ila ta b ility . This
a u s te n ite  a n d  m a r te n s ite  re ta in s  some carb o n  in
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so lu tio n . T h e  h e a tin g  S p re c ip ita te s  th e  ca rb o n , 
w hich increases th e  d ire c tio n a l c h an g e  o f th e  l a t t e r .

F ro m  c u rv e  2 th e  g r a p h it is a t io n  (G) is seen  to  
a p p e a r  a b o u t 800 deg. O . ; t h a t  is  to  say , ab o u t 
150 deg. h ig h e r  th a n  if  no  m an g a n ese  w as p re se n t. 
T h e  s ta b ilis in g  a c tio n  of th e  m an g an ese  on  th e  
c e m e n tite  is a g a in  a p p a re n t .  T h e  r e tu r n  o f th is  
cycle N o. 2 h a s  n o t  been  re g is te re d , b u t  a s  th e  
m an g an ese  re n d e rs  th e  a lloy  s e lf -h a rd e n in g  a  
quench  d u r in g  th e  course  of coo ling  is  fo reseen .

I t  is th is  w hich a p p e a rs  o n  cycle N o. 3, th e  jo g  
S  of h e a t in g  p roves th e  ex is te n ce  o f a  p re v io u s  
q uench . B esides, on  th e  coo ling  p o r t io n  o f th is  
cycle (3) th e  t r a n s fo rm a tio n  A r is doubled  in to

B lack  H eart M alleab le Iron . C. 1.1; Si 0.77; M n.
0.16; S. 0.05; P . 0.16. P yros  stand ard  u sed .

two m a n ife s ta tio n s  A r, a n d  Ar.,, a n d  th is  a sp e c t 
co rresp o n d s p recise ly  to  a  se lf-h a rd e n in g , con
firm ed in  its  tu r n  by th e  jo g  S o f cycle  4.

Industrial Cast Irons.
Im p u re  g rey  c a s t  iro n  w as u sed  c o n ta in in g  C, 

3 .30 ; S i, 3 .0 0 ; M n , 3.25 ; S, 0 .0 1 1 ; a n d  P ,  0.082 
p e r  c en t. (F ig . 25). T h e  g ra p h ite  w as in  v e ry  
la rg e  flakes, a n d  becau se  o f i ts  size  th e  t r a n s f o r 
m a tio n  Ac a n d  A r is v e ry  sp re ad  o u t.

B la c kh e a rt M a llea b le .—T h is  sam p le  c o n ta in e d  
C, 1 .10 ; S i, 0 .7 7 ; M n, 0 .1 6 ; S, 0 .0 5 ; a n d  P ,  0.162 
p er cen t. (F ig . 26). T h e  m icroscope show ed th e  
g ra p h ite  to  e x is t  as nodu les in  th e  f e r r i te .

F ro m  cu rv e  1  on  h e a tin g  th e re  is no d ire c tio n a l



ch an g e  C, a n d  th e  tra n s fo rm a tio n  Ac is scarcely  
a p p a re n t,  o r  ve ry  sp re ad  o u t. The ascend ing  
p o rtio n  doubtlessly  co rresponds to  th e  so lu tio n  of 
th e  g ra p h ite  in  g am m a  iro n , a  ve ry  p rogressive  
ac tio n  because of th e  form  of th e  co n d itio n  of th e  
g ra p h ite . On cooling  th e  d irec tio n a l change  C 
an d  th e  t ra n s fo rm a tio n  A r a re  to  be n o ted .

On curve 2, beyond  th e  tra n s fo rm a tio n  Ac—-Ar, 
th e  d irec tio n a l ch an g e  (C) o f th e  c e m e n tite  is 
n o ticeab le  b o th  on h e a tin g  an d  cooling. T h u s th e  
m e ta l te n d s  to  r e tu r n  to  th e  u n s ta b le  system , 
which is w ith o u t d o u b t because o f th e  low carbon 
c o n te n t.

C ast Iro n  Ttoll ( f rag m e n t from  th e  o h ill).— This 
sam ple  co n ta in ed  O, 2 .6 ; M n, 0 .2 5 ; S, 0 .075 ; Si,

F ig . 27.
C hilled portion o f a roll. P yros standard used.

C. 2.60; Si 0.95; M n, 0.26; S. 0.75; P . 49.

0 .95 ; an d  P , 0.49 (F ig . 27). The successive cycles 
betw een 550 an d  950 deg. O show a  p rogressive  
ex p an sio n , which re la te s  to  a g ra d u a l g ra p h it is a 
tio n  of th e  cem en tite . T h is c em en tite , w hich is 
s lig h tly  m an g a n ife ro u s  an d  of a  re la tiv e ly  sm all 
q u a n ti ty  ( th e  p ro p o rtio n  o f c a rb o n  is less th a n  
th e  n o rm al c a s t iron  c o n ten t)  in  c o n ta c t w ith  a 
f e r r i te  c o n ta in in g  0.95 p e r  cen t. S i, is found  in  a 
con d itio n  of a v erag e  s ta b il i ty  a n d  decomposes 
slowly.
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Phosphoric Cast Iron.
T h is  sam ple  c o n ta in e d  C, 3 .3 0 ; Si, 2 .1 0 , M n, 

0 .4 0 ; S, 0 .0 6 ; a n d  P , 1.35 p e r  c en t. T he cu rv e  
d e riv ed  from  th e  f irs t h e a t in g  (F ig . 28) show s a  
sh a rp  jo g  a n d  e n d s  by a  sh a rp  d ro p  F . H ow ev er, 
th e  cycles allow o f th e  e lu c id a tio n  o f th e  p h e 
nom ena. T h e  d ire c tio n a l c h an g e  C  show s t h a t  
th e  iro n  in it ia l ly  c o n ta in s  a b o u t  1  petr c en t, o 
com bined c a rb o n . T h e  silicon  c o n te n t  b e in g  
increased  side by side  w ith  th e  p ro p o r t io n  o f  m a n 
g anese , th e  g r a p h it is a tio n  s t a r t s  a t  fro m  600 deg.

F ig . 28.
Phosphoric Iron, sam p le  c a st in  bar form . P yros  
s tand ard  used. € .  3.30; Si 2.10; M n. .40; S .06;

P . 1.35.

C, as is show'll in  c u rv e  3 (F ig . 29), w hich 
is p ra c t ic a lly  f re e  fro m  th e  d ire c tio n a l c h an g e  
C. B u t th is  c u rv e  3 show's a b o u t  730 deg. 
C, th e  d ire c tio n a l c h a n g e  Ac2 of t h e  silico- 
fe r r i te .  I t  is know n t h a t  th e  silicon  low 'ers 
C u rie ’s  p o in t  o f a lp h a  iro n . T h e  jo g  Ac 
is n e x t  show n, a n d  i t  re la te s  to  th e  t r a n s fo rm a tio n  
of th e  s ta b le  system . H ow ever, th e  t e m p e ra tu r e  
o f th e  d rop  co inc ides w ith  th e  m e ltin g  p o in t  o f 
S te a d ’s p h osph ide  e u te c t ic  (F e  — F e ,C  — F e 3P ) ,  
a t  a b o u t 950 deg . C. T h is  d ro p  th e re fo re  c o r re 
sponds w ith  th e  re lease  o f th e  sam ple  u n d e r  th e  
sm all p re ssu re  o f th e  sp r in g s  of th e  d ila tom eteff.

Conclusions.
(1) I t  h a s  been  show n t h a t  all th e  p h en o m en a  

ac tu a lly  kn o w n  of c a s t  iron  h av e  th e i r  c o u n te r p a r t



in clila to m e trie curves. A ctually  i t  lias confirm ed 
fh e  p rin c ip le  re su lts  o f C h a rp y  an d  G re n e t re la 
t iv e  to  g ra p li i tis a t io n , an d  o b ta in e d  by m icro
g ra p h y  a f te r  q u en ch in g . B u t th e  d ila to m e tric  
m eth o d  is m uch m ore ra p id ,  easy an d  sensitive . 
I t  allows of c o n tin u o u s  m easu rem en t, an d  th is  con
t in u i ty  a p p ea rs  to  be necessary  to  c lear u p  th e  
p h en o m en a, w hich a re  m asked , such as those  
w hich have  been observed  in  m an g a n ife ro u s  c a s t 
iro n . I t  is reaso n ab le  to  hope to  o b ta in , fo r  th e  
g ra p h it is a tio n  of c a s t  iro n , re su lts  co m parab le

F ig . 29.

Phosphoric C ast Iron. Same sam ple a s  F ig . 28. 
P yros standard  nsed.

w ith  those  which a re  a c tu a lly  o b ta in e d  fo r  th e  
q u en ch in g  o f steel. U n d o ub ted ly , d ila to m e tric  
a n a ly sis  p e rm its  o f  th e  c h a ra c te r is a t io n  o f th e  
ten d en cy  to  g ra p h it is a tio n  in  a  c a s t iro n  in  th e  
sam e w ay a s  o n e  can  se t f o r th  th e  q uench ing  
p ro p e rtie s  o f steel. T he p ra c t ic a l  im p o rta n c e  of 
such re su lts  should  have  a  s tro n g  b e a r in g  upon 
th e  sc ien tific  m a n u fa c tu re  of m alleab le  iro n .

(2) D ila to m etr ic  analysis  possesses, as does 
chem ical an aly sis, a d u a l a sp e c t (a) q u a lita tiv e  
an a ly sis . T he specific d ire c tio n a l changes a t  
d e fin ite  te m p e ra tu re s , as t h a t  o f cem en tite , c h a r 
a c te rise  th e  p resence  of phases, d e fin ite  a g g re 
g a te s  o r  solid so lu tio n s of which th e  chem ical com
p o sitio n  is know n. B u t, th o u g h  chem ica l analysis 
in d ic a te s  th e  m ass com position o f an  aggre-

I



226

g a te , d i la to m e tric  a n a ly sis  g ives in fo rm a tio n  
as to  th e  n a tu r e  o f th e  a g g re g a te , a n d  
th u s  c o n s t itu te s  a  p rocess o f im m e d ia te  
analysis, (b) Q u a n tita tiv e  A n a ly s is .—T h e  size of 
th e  d ire c tio n a l changes, of w hich fin ishes a  p ro 
cess c ap a b le  o f q u a n t i ta t iv e  e v a lu a tio n  of th e  
c o n s t itu e n t  o f w hich  th e  p resence  is re v ea led .

(3) D ila to m e tr ic  a n a ly s is  is a p p lie d  n o t  on ly  to  
la rg e  sam ples o b ta in e d  by c a s tin g  o r  m ac h in in g , 
b u t  also fro m  ro d s  p re p a re d  by  th e  a g g lo m e ra tio n  
of p o w dered  m a te r ia l  a s  was d one  in  B ilasco  s 
e x p e r im e n t on v a r ie tie s  o f s ilica  a n d  in  C h au - 
d ro n ’s w ork  o n  iro n  ox id e . T h u s i t  is now  p o s
sib le  to  s tu d y  in d u s tr ia l  re a c tio n s  which^ e x is t  in  
th e  solid  s la te  such  a s  ro a s tin g , c e m e n ta tio n , e tc .

(4) F in a lly , in d e p e n d e n t  o f  d ila to m e tr ic a l  
analy sis , th e  d if fe re n tia l  d i la to m e tr ic a l  allow s o f 
th e  m ea su rin g  of e x p an s io n s  in  an  e x te n d e d  te m 
p e r a tu r e  in te rv a l ,  such  as th e  w o rk in g  o f a  p a r t  
in  m ach in es o p e ra t in g  a t  h ig h  te m p e ra tu re s ,  th e  
choice o f  fo u n d ry  en am els , o p tic a l g lass  a p p a ra tu s ,  
glass so ldered  e lec tro d es, e tc .

DISCUSSION.
T h e  P r e s i d e n t , a f te r  e x p re ss in g  h is  r e g re t  t h a t  

tim e  d id  n o t  p e rm it  of th e  d iscussion  of th is  
v a lu a b le  P a p e r ,  sa id  t h a t  th e  m em b ers o f th e  
I n s t i tu t e  w ere v e ry  d eep ly  th a n k fu l  to  M ons. 
C lievenard  fo r th e  im m ense a m o u n t of w ork  t h a t  he  
m u s t h a v e  p u t  in to  h is  su b je c t. I t  w as o n e  o f th e  
m ost v a lu ab le  P a p e rs  w hich th e  I n s t i tu t e  h a d  h a d  
th e  p le a su re  o f l is te n in g  to . Also h e  ex p ressed  
th a n k s  to  M r. F a u lk n e r  fo r  h a v in g  t r a n s la te d  i t ,  
a  ta s k  which m u s t h av e  been  s tu p en d o u s .

T h e  v o te  of th a n k s  w as c a r r ie d  w ith  acc la m atio n .
M o n s . O h e v e n a r d , a d d re ss in g  th e  m e e tin g  in  

F re n c h , re tu rn e d  th a n k s  fo r th e  k in d  m a n n e r  in 
which h is  P a p e r  h a d  b een  rece iv ed , a n d  ex p ressed  
a p p re c ia tio n  o f th e  he lp  w hich M r. F a u lk n e r  h a d  
g iv en  h im .

M r . F . J .  C o o k ,  on  b e h a lf  o f  th e  B r i t is h  C a s t 
I ro n  R e se arc h  A ssoc ia tion  (of w hich  h e  is  a  V ice- 
C h a irm a n ), s a id  t h a t  th e  A sso c ia tio n  looked  u p o n  
th e  P a p e r  as o n e  o f th e  m o st v a lu a b le  t h a t  h a d  
been  p re sen te d  fo r  a  lo n g  tim e , a n d  a ssu re d  th e  
In s t i tu te  t h a t  th e r e  would be  a good d iscussion  o f 
th e  P a p e r  in  w ritin g .
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AMERICAN FOUNDRY PRACTICE.

By Dr. Richard Moldenke.
As a  p re fa c e  to  h is  re m a rk s , D r. M oldenke 

said  h e  h a d  h a d  so m u ch  correspondence  
w ith  h is E n g lish  fr ien d s  t h a t  he  h a d  really- 
g o t  to  know  th em  all be fo re  h e  m et them . 
H e  p roposed  to  g ive  th em  a  ra m b lin g  ta lk  ab o u t 
A m erican  fo u n d ry , p ra c tic e , a n d  th e n  h is h e a re rs  
could  m ake  th e i r  ow n com parisons. T hey  would 
probab ly  recognise  a good m any  th in g s  t h a t  were 
done in  th is  c o u n try . H e  hoped th e re  w ould be 
a  d iscussion  a f te rw a rd s , as he  h a d  alw ays found  
t h a t  th e  d iscussions w ere th e  b est p a r t  o f th e  
evening.

T he p o sitio n  as th e y  w e re ' fa c in g  i t  in  th e  
U n ited  S ta te s  a n d  in  th e  fo u n d ry  w as t h a t  th e ir  
p r im e  re q u ire m e n t w as to  t r y  to  do so m eth in g  to  
ju s t ify  th e  enorm ous wages th ey  w ere p a y in g  over 
th e re . D u rin g  th e  w ar he  was called  o n  by th e  
S e c re ta ry  o f L ab o u r a t  W ash in g to n  a f te r  th e  wages 
h ad  gone up  by bounds, and  he  sa id , “  W h a t  can  
we do to  ju s t ify  th ese  so  t h a t  th e  m en m ay keep 
these  h ig h  w ages? ”  H e  (Dir. M oldenke) sa id  th a t  
ed u ca tio n  was th e  o n ly  th in g  to  do it.  T hey la id  
th e ir  p ro g ram m e  to  g e t  th e  m en m ore in fo rm a tio n  
so t h a t  th e y  could do th e ir  work w ith  a l i t t le  m ore 
b ra in , g e t  b e tte r  re su lts , an d  ju s t ify  th ese  wages.

Recruiting Labour.
W ith  th e  h ig h  ra te s  o f w ages t h a t  were now 

being  p a id  in  th e  U n ited  S ta te s  th ey  cou ld  u n d e r
s ta n d  how i t  w as t h a t  th e ir  whole e x p o rt t r a d e  
had  g one  sm ash, an d  th a t  i t  was hopeless to  t r a d e  
w ith  th e  w orld a t  th e  p re se n t figures which th e  
people  in sis ted  on k eep ing . T h e ir p rim e  re q u is ite  
was to  g e t  m ore m oulds p e r  m an, an d  also to  m ake 
a  b a r  of iro n  go f u r th e r  th a n  ever before . H e

‘ Delivered before fbe Sheffield and Lancashire Branches.
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was very  m uch  p leased  in  g o in g  th ro u g h  som e of 
th e  -works in  Sheffield, especially  a t  H ad fie ld s, to  
see soi m an y  y o u n g  m en in  th e  shops. I n  th e  
U n ite d  S ta te s  th e  y o u n g  m en  w ould n o t  go in to  
th e  fo u n d ry . T hey  w a n ted  co lla r  a n d  t ie  jobs. 
T he r a t io  used  to  he  t h a t  o u t  o f 100 boys 9 w en t 
to  th e  h ig h  school. On a n  a v e ra g e  to -d a y  ab o u t 
70 w en t to  th e  h ig h  school. T hey  w ould n o t  go 
in to  th e  sh o p s ; th e y  w ould n o t w ork  o n  a p p lia n ce s , 
a n d  th e  w orks h a d  h a d  to  p u t  in  m ac h in e ry  to  
ta k e  th e  p lace  o f  th o se  boys who o u g h t  to  go in. 
It w as a p i ty , b u t  t h a t  was th e  s i tu a t io n .

Pittsburgh Castings.
T h e  cu sto m er in  th e  U n ite d  S ta te s  w as a f te r  

h ig h e r  q u a li ty  w ork. H e  w a n ted  b e tte r  c a s tin g s , 
s tro n g e r  c a s tin g s , a n d  y e t  w a n ted  th em  to  be ab le  
to  m ach in e  lik e  cheese j u s t  th e  sam e. T h e  cu s
to m e r also w an ted  g r e a te r  a cc u rac y  in  th e  d im e n 
sions a n d  g r e a te r  u n ifo rm ity  in  th e  w e ig h t of 
c as tin g s, as well as g re a te r  freed o m  fro m  in h e re n t  
de fec ts  an d  c a s tin g s  w ith  less b lem ish es u p o n  
th em . I f  th e y  ev er saw  P it ts b u rg h  c a s tin g s  th e y  
would h e  a sh a m e d .o f th em . T h ey  w ere  good c a s t
ings, b u t  th e y  looked ve ry  h ad  b ecau se  th e  san d  
ro u n d  t h a t  re g io n  w as v e ry  p o o r. So to -d a y  th ey  
w ere a t  w ork on th e  san d  prob lem , t r y in g  to  g e t  
a s m a ll^ ra in e d  sand . F o rm e rly  th e y  h a d  to  use  
san d  t h a t  w as a lm o st g ra v e l. T h e  c a s tin g s  w ere 
now com ing a l i t t le  b e t te r .

Nomenclature of Semi-Steel
R e fe r r in g  to  spec ifica tions, D r. M o ldenke  sa id  

t h a t  th e y  h a d  h e a rd , o f co u rse , of th is  so-called  
sem i-steel. I t  was v e ry  fine, h u t  th e  n a m e  w as 
poor. T hey  should  do aw ay  w ith  i t  if  possib le, 
because  th e  n am e  as used in  th e  U n i te d  S ta te s  
p ra c tic a lly  m e a n t th e  sw in d lin g  o f th e  cu sto m er. 
I t  was sa id , “  I  h a v e  g o t so m e th in g  b e t t e r  th a n  
com m on iro n ;  i t  is se m i-s tee l.”  H e  m ade  i t  o u t 
of steel sc rap , w hich w as c h ea p e r th a n  p ig -iro n . 
T h a t  w as th e  re su lt,  a n d  i t  was n o t f a ir .  T hey  
h ad  been  w ork in g  to  find a  b e t te r  d is t in c t iv e  n am e 
fo r th is  m a te r ia l.  I t  w as b e in g  called  h ig h - te s t  
c a s t  iro n , h u t  th e y  h oped  som eone w ould  sug g est 
a n o th e r  a n d  b e tte r  nam e.

-  T he s i tu a t io n  th e  fo u n d ry m an  h a d  to  m ee t was 
to  look fo r m o re  m oulds a n d  b e t te r  m oulds. T he
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tilin g  was to  m ake every  sing le  m ould co u n t. They 
w an ted  to  m ake as m an y  m o u ld s a s  th ey  could, 
an d  m ake  ev ery  one r ig h t.  T h e  n e x t  p o in t  was 
th e  a p p lic a tio n  o f m eta llu rg ic a l p rin c ip les  to  th e  
m ould ing  process. T he fo u n d ry m an  should  n o t be 
h a p h a z a rd  in  h is w ork, 'h u t shou ld  w ork  th e  m ould 
a n d  c h a rg e  h is  cupolas sy s tem atica lly . A fte r  
d e ta ilin g  sev era l in s tan ces  w here  som e s lig h t 
a lte ra t io n  in  th e  m eth o d  o f c h a rg in g  h a d  re su lted  
in  th e  sav in g  o f v a s t  sum s o f m oney— in  one case  
£20,000 a y e a r— D r. M oldenke sa id  th e y  h a d  to  
s tu d y  th e  m e ta llu rg y  of th e i r  p rocesses in  ad d itio n  
to  th e  m echan ical a r ra n g e m e n ts  in  o rd e r to  g e t 
th o se  p e rfec tio n s fo r w hich th e y  w ere looking.

Cost Systems.
D ealin g  n e x t w ith  a u n ifo rm  cost system , D r. 

M oldenke sa id  t h a t  if  fo u n d ry m en  am ong th em 
selves h a d  a  system  w hich w ould en ab le  th em  to  
w ork on th e  sam e lines th e y  would h av e  accom 
p lish ed  a  good deal. T he f irs t  tim e  th is  question  
of co stin g  was ra ised  by  th e  A m erican  A ssociation  
was d u r in g  th e  tim e  when he was se c re ta ry  o f i t ,  
a n d  a  n u m b er o f .men w ere asked  to  e s tim a te  cer
ta in  costs. O ne m an  g av e  2 |  cen ts, a n o th e r 
6 c en ts , a n d  indeed  all th e  figures g iv en  w ere 
d iffe ren t. T h is show ed th e  im p o rta n ce  o f b r in g in g  
down th e  e lem en t of cost fin d in g  to  a  p o in t w here 
all cou ld  w ork o n  th e  sam e lines, a n d  hav e  th e  
sam e m ethods o f k eep in g  costs.

Research Work.
F o u n d ry m en  should en co u rag e  th e  w ork of 

fo u n d ry  resea rch . In  E n g la n d  th ev  w ere doing 
som e sp len d id  w ork, an d  now th ey  w ere do ing  th e  
sam e in  th e  U n ite d  S ta te s . They w ere w ork ing  in 
com m ittees on  special lines of th e i r  ow n, an d  th en  
th e re  was g en era l w ork by imen fro m  a ll those  
com m ittees. H e  rem em bered  d u r in g  th e  w ar 
g e t t in g  in  c o n ta c t w ith  a. g e n tlem an  who to ld  h im  
of a  system  p ra c tis e d  in  G erm any. A n  in v es tig a 
tio n  was m ad e  in to  th e  coal re su lts  a t  works. T he 
re su lts  w ere s e n t  o u t  in  ta b u la te d  fo rm , a n d  a 
m an co u ld  see w h e th er anyone  else u s in g  th e  sam e 
k in d  o'f coal w as g e tt in g  b e tte r  re su lts  th a n  he 
was H e  would th e n  v is it th e  o th e r  m a n ’s place 
o r w ould  h a v e  th e  in fo rm a tio n  se n t to  h im . In  
th a t  way h e  was ab le  to  im p ro v e  h is m ethod  of
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u sing  coal, a n d  could  save, as was show n in  one 
in s tan c e , a b o u t o n e - th ird  o f th e  coal. S uch  
th in g s  a s  t h a t  'could be w orked  o u t  by  fo u n d rv m en . 
I t  w as b e in g  done in  th is  c o u n try , a n d  th e y  w ere 
d o ing  i t  to  a  c e r ta in  e x te n t  in  th e  U n ite d  S ta te s . 
T h e  e le c tr ic  fo u n d ry m en  th e re  h a d  g o t  to g e th e r  to  
c a r ry  o u t  re sea rc h  w ork. T hey  h a d  v o ted  £7 ,800  
a  y e a r  to  e lu c id a te  th e  d e ta ils  o f  th e  e le c tr ic  s te e l 
fo u n d ries , a n d  th e y  fo u n d  i t  p a id  m ag n ificen tly . 
S ta n d a rd is a t io n  was a n  ex ce llen t th in g  to  h e lp  
ru n n in g  in  th ese  in d u s tr ie s . T hey  h a d  le a rn e d  by 
sad  ex p e rien c e  t h a t  i t  was a  good th in g  to  save 
a t  th e  b eg in n in g .

Sulphur in Cast-Iron.
T h e ir  g re a te s t  m enace  in  th e  fo u n d ry  b u sin ess  

w as th e  e ffec t of su lp h u r. H e  h a d  m ad e  a good 
m an y  an aly ses o f  th e  sc rap  u sed . A b o u t 0.05 p e r  
cen t, w as th e  a v e ra g e  fo r  five y e a rs . A f te rw a rd s  
i t  rose  to  0.08 p e r  c e n t .,  a n d  d u r in g  th e  w a r  th e y  
h ad  0.14 p e r  c e n t, in  th e ir  sc rap . A t t h e  close of 
th e  w ar i t  w as a t  le a s t 0.18 p e r  c e n t .,  a n d  he 
rem em bered  b e in g  in  a fo u n d ry  in  C lev e lan d  look
in g  o v e r th e  an a ly ses d a y  a f te r  day , a n d  fo u n d  as 
h ig h  as 0.21 a n d  0.26 p e r  cen t, o f  su lp h u r  in  th e  
re g u la r  w ork. T hey  h a d  n o t  y e t  b e g u n  to  g e t  th e  
cas tin g s  from  th e  w ar in  th e i r  sc rap . W h en  th ey  
d id  come in  th e y  w ould be a p p a llin g , b ecau se  th e y  
m ade  c a s tin g s  fo r th e  A m erican  n a v y  fro m  90 
p a r ts  sc rap  a n d  10 o f p ig . T hey  m ad e  som e in
w hich  th e  su lp h u r  was 0.32, a n d  t h a t  h a d  y e t  to
come back .

Critical Factors.
H is  ow n life  ex p erien ce  in  fo u n d ry  w ork  h a d

show n h im  t h a t  th e re  w ere  th r e e  c r it ic a l  p o in ts .
F i r s t  th e  m a te ria ls . T he b e s t m a te r ia ls  o u g h t  to  
be  o b ta in e d  fo r th e  p u rp o se . Second ly , th e y  m u s t 
see t h a t  th e  good m a te r ia ls  w ith  w hich  th e y  s ta r te d  
w ere p u t  th ro u g h  th e  p rocesses p ro p e rly  an d  
r ig h tly  so a s  to  b r in g  o u t  good re su lts  so f a r  a s  
th e  processes w ere co n cern ed . T h en  th e  t h i r d  
g re a t  c a rd in a l  p o in t  was th e  p ro p a g a t in g  of th e  
m oulds to  ta k e  good m a te r ia l ,  m e lted  p ro p e rly  a n d  
p u t  in to  th e  m ou lds so t h a t  i t  d id  i ts  w ork  c o r
rec tly  a n d  m ad e  good cas tin g s . I f  th e y  o b ta in e d  
th ose  th re e  th in g s  r ig h t  th e y  w ere o n  th e  ro a d  to  
m ak e  good cas tin g s.
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Pig-Iron by Fracture and Analyses.
On tlie  su b je c t of p ig -iro n , b e  would like  to  say 

th a t  o n  th e  p rev ious day  in  Sheffield h e  was shown 
th e  finest co llection  of f r a c tu re s  t h a t  he  h a d  ev er 
seen in  p ig -iro n . B u t  on  th is  p o in t h e  would p o in t 
o u t  t h a t  in  th is  c o u n try  th e y  h a d  e n tire ly  d iffe ren t 
problem s, a n d  r a th e r  m ore  serious th a n  th ey  h ad  
in  th e  U n ite d  S ta te s . I n  th is  c o u n try  th e y  h ad  
fu rn a c e s  m ak in g  fo u n d ry  iro n  w hich m ad e  sm all 
to n n ag es, a n d  if  th e y  m ade  80 to n s to -d a y  a n d  
80 to n s  to -m orrow  t h a t  was q u ite  a  d iffe re n t th in g  
to  th e  A m erican  p ra c tic e  of m ak in g  450 to ns, 
600 to n s  a n d  850 to n s  a  d a y  o u t  o f o ne  fu rn ac e . 
T h e  B r i tish  iro n  was a ll good, b u t  soane o f i t  was 
b e t t e r ; all th e  A m erican  iron  w as b a d ; b u t  some 
of i t  w as worse.

H e  b e liev ed  in  e d u c a tin g  th e  w orkm en to  u n d e r
s ta n d  an a ly ses a n d  to  w o rk  by analyses. They 
could  figu re  o u t  each  item  of th e i r  loss a n d  see 
how th ey  cam e  o u t ,  a n d  th e y  som etim es fo u n d  
t h a t  b y  p a y in g  h ig h e r p rices fo r  sc rap , by  g e tt in g  
a  b e t te r  g ra d e , th e y  g o t fu lle r  v a lu e  in  th e  m eta l.

Foundry Coke.
O n th e  q u estio n  o f coke, D r. M oldenke sa id  he 

d id  n o t  know  m uch  ab o u t B r i tish  coke, b u t  h e  had  
a lw ays m a in ta in e d  in  th e  U n ited  S ta te s  t h a t  if 
th e  coke m a k e rs  would m ix  th e i r  coals so t h a t  
those v ery  refined coals ru n n in g  to  a b o u t 8 p e r  
cen t, in  ash  w ere m ixed  w ith  th o se  r u n n in g  a l i t t le  
h ig h er, g iv in g  a n  a v e ra g e  of 10 p e r  c e n t.,  i t  would 
be v e ry  g ood  fo r  th e  fo u n d ry m an . T hey  used a 
good deal of b y -p ro d u c t coke. H e  a lw ays liked  
it,  if  th e y  would o n ly  ta k e  th e  p re ca u tio n  o f 
m ak in g  i t  u n d e r  v e ry  h ig h  te m p e ra tu re s .

Question of Sand.
On th e  .question  o f  sand , D r. M oldenke sa id  th a t  

if  th e y  k e p t  a  re c o rd  of th e  a m o u n t o f c a s tin g s  
th ey  o b ta in e d  from  th e  san d  th ey  w ould som etim es 
find t h a t  th e  m ore expensive  sa n d  was th e  cheaper 
in  th e  end . H e  d iv id ed  th e  processes u n d e r  th re e  
heads. T he f irs t w as m echan ical, w hich h a d  to  
do w ith  m echan ical e n g in e e r in g ; th e  second was 
m e ta llu rg ic a l ; an d  th e  th i r d  th e  h u m an e  s ta n d 
p o in t. H e  was g lad  to  see  t h a t  in  th is  c o u n try  
th ey  w ere p e rp e tu a t in g  th e  a r t  o f  th e  m o u lder, 
which in  th e  U n ited  S ta te s  was g e tt in g  lost. A t



/

M r. F o rd ’s b ig  p la n t  in  D e tro it  e v e ry th in g  cam e 
to  t h e  m an . H e  h a d  to  g e t n o th in g  a t  a ll. T h ere  
w as a  case w here  e v e ry th in g  was p u sh e d  to  th e  
u tm o s t l im it.  I n  o ne  la rg e  A m erican  m o to r c a r  
w orks he  w ould u n d e r ta k e  to  say  t h a t  th e y  w ould  
find t h a t  25 p e r  c e n t ,  o f h is c a s tin g s  w ere  n o  good, 
because  j u s t  som e l i t t le  th in g s  w ere lack in g . T h e re  
w as m ore  m ech an ica l sk ill com ing in to  th e  fo u n d ry  
in  th e  U n ite d  S ta te s  every  d ay . T he 28,000 id le  
m en in  Sheffield would be  a  boon to  th e  U n ite d  
S ta te s  i f  th e i r  le g is la to rs  w ere w ise e n o u g h  to  
allow th em  to  go in .

T he m e ta llu rg ic a l s ta n d p o in t  w as e i th e r
u n k n o w n  o r  n o t a p p re c ia te d  by th e  m a jo r i ty  o f 
fo u n d ry  en g ineers . I n  th e  U n ite d  S ta te s  th e y  h a d  
m an y  ch em ists  who w ere  m e ta llu rg is ts , b u t  ta k in g  
re su lts  a n d  t r a n s la t in g  th em  in to  th e  w orks w as 
q u ite  a n o th e r  th in g . M an y  th in g s  w ere done w ith  
th em , w hich, if  th e y  m ere ly  ca lled  in  a  m e ta l
lu rg is t  to  go o v er th e  p la n ts  th e y  cou ld  im m e
d ia te ly  show som e w eaknesses w hich m e a n t
in d iffe ren t re su lts .

Safety First Considerations.
W ith  r e g a rd  to  th e  h u m a n e  s ta n d p o in t  th e y  

w a n te d  to  in c re ase  th e  n u m b er of m o u ld s p e r  m an . 
T hey co u ld  a lw ays co n sid e r t h e  in te r e s t  o f  th e  
w o rk m an  in  th is  w ay  ; th e  m o re  m oney  a  m a n  
could  g e t th e  b e t t e r  h e  lik ed  i t ,  b u t  h e  m u s t  g iv e  
re su lts . H e  (D r. M oldenke) w ould  g iv e  h im  tw o 
o r  th re e  tim e s  as m u ch  m oney  i f  h e  tu r n e d  h im  
o u t tw o  o r  th re e  t im e s  t h e  a m o u n t o f  good  w ork . 
T he n e x t th in g  w as to  d e a l  w ith  th e  q u e s t io n  o f 
d a n g e r  in  th e  fo u n d ry . T h is  q u e s tio n  o f  sa fe ty  
w as one w hich  th e i r  leg is la to rs  w ere  t a k in g  u p  
m ore  a n d  m ore. I n  h is  e x p e rie n c e  h e  h a d  fo u n d  
th a t  if  th e y  w ere  to  g e t  s a fe ty  in  th e  fo u n d ry  th e y  
h a d  g o t to  m ak e  e v e ry  m a n  th in k  in  te r m s  of 
sa fe ty . W h en ev er a  m a n  d id  a n y th in g  h e  sh o u ld  
be t r a in e d  to  say  to  h im self, “ I s  t h i s  s a fe ?  ”  
T h e  m a jo r i ty  of th e i r  losses w ere  b o rn e  b y  r e g u la r  
in su ra n ce , a n d  a t  th e  p re s e n t  t im e  th e  in su ra n c e  
com pan ies w ere  sp re a d in g  a lo t o f  in fo rm a tio n  
am ong th e  fo u n d rie s  as r e g a rd s  s a fe ty  dev ices.

Co-operative Research.
T h e  ten d e n cy  in  th e  U n ite d  S ta te s  w as to  go 

m ore  a n d  m ore fo r  to p  p o u r in g . T h e  w h o le  th in g

232



would a p p e a r  to  h im  to  look so m e th in g  like  th is  r  
th e  fo u n d ry m an , bese t by a ll th e  difficulties he  
h a d , was u p  to  th e  necessity  o t k eep in g  a b re a s t  
w ith  th e  whole l in e  of in fo rm a tio n . T h ere  w ere  
few in d u s tr ie s  w hich  re q u ire d  so m uch  in fo rm a tio n  
a s th e  fo u n d ry  in d u s try  d id . The nest, th in g  was 
th e  necessity  fo r s tu d y in g  each  p rob lem  as i t  cam e 
a lo n g — to  co n sid er w h a t w ere  th e  p rin c ip le s  in 
volved. W hen  m ak in g  te s ts ,  sa id  D r. M oldenke, 
i t  w as a  good th in g  to  ta k e  th e i r  m en  in to  th e i r  
confidence, fo r  i t  w ould  he  fo u n d  t h a t  th e y  could 
be of g re a t  a ssis tan ce , a n d  he  illu s tra te d *  a n  in 
s ta n c e  of th is  in  h is ow n e x p erien ce . H e  w ould 
lik e  to  g e t  th e  U n ite d  S ta te s  G o v e rn m en t to  sp en d
10,000 d o lla rs  on t ry in g  to  find  o u t  w h a t h a p p en e d  
in s id e  th e  cu p o la , a n d  to  find w h a t th e y  h a d  to  do 
to  g e t  good iro n . I f  th ey  m elted  on to o  low a  bed  
o r in  a n y  w ay g o t oxygen  in  th ey  w ere  g o ing  to  
p a y  fo r  i t  in  lo s t c a s tin g s  o r  in  c a s tin g s  w hich  
w ere fu ll  o f  “ s h r in k s ,”  a n d  in  c a s tin g s  w hich  
w ere  fu ll o f l i t t le  fine blow holes, th e  re su lt  o f 
o x id a tio n  in  th e  cupola .

T he tw o places in  th e  fo u n d ry  w here  th ey  needed  
to  h av e  th e  b est m en w ere on th e  c u p o la  p la tfo rm  
a n d  in  th e  s o r t in g  room . Science w as a  good 
th in g , b u t  th e y  h a d  to  ap p ly  p ra c t ic e  w ith  i t .  
W hen  th e y  ap p lied  th e  tw o  th in g s  to g e th e r  th e y  
o b ta in ed  re su lts . T he cupola  was th e  eas iest th in g  
to  ru n  if  th e y  knew  how to  ru n  i t.

Testing Cast Iron.

W h en  a  m an  b o u g h t a  c a s tin g  he  w a n te d  to  know 
t h a t  i t  w as go ing to  do i ts  w ork. T h e  o n ly  w ay 
was to  b re a k  i t .  T h a t  w as o u t  of th e  q u estio n , 
a n d  so th e  n e x t th in g  w as to  t e s t  a  few  pieces. 
A n o th e r w ay, o f course, w as to  ta k e  each  ca s tin g  
a n d  p u t  i t  u n d e r  p re ssu re . I n  t h a t  w ay  th e y  
te s te d  so a s  to  be  su re  t h a t  i t  w as g o ing  to  be  
safe . W ith  re fe re n ce  to  th e  te s t  b a r , m ost of 
th e m  in  th e  U n ite d  S ta te s  h a d  com e to  th e  con
c lusion  t h a t  a  te s t  b a r ,  a f te r  a ll, w as o n ly  th e  
t e s t  o f  th e  q u a lity  of th e  m e ta l as p u t  in to  th e  
c a s tin g s , an d  th e  fo u n d ry m an  could  s t i l l  spoil i t  
i f  h e  w a n te d  to .  B u t  if  th e  q u a lity  of th e  m e ta l 
w as good, a n d  th e  fo u n d ry m an  knew  h is  business, 
t h a t  w as th e  b e s t th e  cu sto m er could  ex p ec t. The 
te s t  b a r  w as used  v e ry  l i t t le  in  th e  U n ited  S ta te s :

233



234

The cu sto m er w as sa tis fied  if  lie knew  t h a t  th e  
fo u n d v y m an  h a d  a good r e p u ta tio n .

DISCUSSION.
D r . L o n g m t j i r ,  in  o p e n in g  th e  d iscu ss io n , sa id  

t h a t '  D r. M o ldenke  h a d  g iv en  th e m  a  m ost excel
le n t  su rv ey  of A m erican  fo u n d ry  p ra c t ic e . H e  
h a d  to ld  th e m  t h a t  th e y  o u g h t in  a ll s in c e r i ty  to  
a d m ire  th e  fo u n d ry  cu p o la . A ll h e  cou ld  sa y  w as 
t h a t  th e y  d id  a d m ire  D r . M o ldenke  a n d  th e  w ork  
t h a t  he  h a d  done so co n sis ten tly  f o r  so m a n y  y e a rs  
fo r  th e  a d v an c em e n t o f fo u n d ry  p ra c t ic e . D r .  
M oldenke  a n d  he  w ere o ld  f r ie n d s  b y  c o rre 
spondence. D r. M o ldenke  w as one o f  t h e  f irs t 
to  e n co u rag e  h im , a n d  th r e e  o f h is  e a r ly  P a p e r s  
w ere p u b lish ed  u n d e r  th e  d o c to r’s e d ito rs h ip .  T h e  
u se  of a  c a s tin g  w as b e s t d e te rm in e d  by a  t e s t  
w hich a p p ro x im a te d  serv ice  c o n d itio n s  as n e a r  as 
possible. H e  w as e x tre m e ly  in te re s te d  in  D r . M ol- 
d e n k e ’s  re fe re n c e  to  body. I n  Sheffield, p a r t i c u 
la r ly  o n  th e  s te e l-m ak in g  side , body  w as  th o u g h t  
a  good d ea l o f. T h is  w as e q u a lly  so  in  th e  f o u n 
d r ie s  o f  B r i ta in ,  a s D r . M o ld en k e  w ould re a lis e  
b e fo re  he  w e n t h ack . Bod}-, so m e th in g  t h a t  p e r 
h a p s  c h em ists  cou ld  n o t  define a n d  m e ta llu rg is ts  
cou ld  only  guess a t ,  w as reco g n ised 1 in  w h a t  h a d  
been r e fe r re d  to  as th e  lo w -o u tp u t b la s t  fu rn a c e s . 
T h e re  w as a  g r e a t  field fo r  re se a rc h  in  a  s tu d y  o f 
so m e th in g  t h a t  c e r ta in  iro n s , w h e th e r  c a s t  o r  
w ro u g h t, do n o t  possess a p a r t  fro m  w h a t  is  know n 
by th e i r  o rd in a ry  chem ica l co m p o sitio n . H e  w ished  
to  ex p ress  h is  th a n k s  fo r  th e  t r e a t  t h a t  b ra n c h  o f 
th e  I n s t i tu te  h a d  h a d  t h a t  n ig h t .  H e  w ould  
especia lly  th a n k  D r . M oldenke  fo r  h is  v e ry  c le a r  
d e f in itio n s  o f w h a t re se a rc h  sh o u ld  be  a n d  o f th e  
need fo r  re sea rc h .

Principles Underlying Quantity Production.
D r . H  a t f i linn sa id  i t  w as p e rfe c tly  c le a r  t h a t  

D r. M oldenke h a d  m ad e  a  m a s te r ly  s tu d y  of 
fo u n d ry  p ra c tic e , a n d  h e  could  o n ly  a g re e  w ith  
th e  b u lk  of w h a t h e  h a d  sa id . As a n  A m e ric an , 
th ey  n a tu r a l ly  w elcom ed h im  a m o n g  th e m , a n d  
th e y  w ere a  l i t t l e  re liev ed  to  h e a r  t h a t  th e  co st 
of la b o u r  h a d  g o n e  u p  as m u ch  in  t h e  U n ite d  
S ta te s  as i t  h a d  in  th is  c o u n try .  T h a t  r a th e r  
eq ualised  th in g s , because  i t  w as o f w orld  e ffect.
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A good d ea l of th e  tro u b le  w liich we th o u g h t  we 
a lone  w ere  e x p erien c in g  w as rea lly  b e in g  e x p e ri
enced by a ll th e  c o u n tr ie s , a n d  th e re fo re  if  th e  
v a rio u s  p o p u la tio n s  re a lly  p u t  th e ir  backs in to  th e  
w ork  he  h a d  no h e s i ta t io n  in  sa y in g  t h a t  p ro b 
ab ly  a b e t te r  w orld  would a r ise  in  a  few y e a rs  
t im e  th a n  e x is te d  b e fo re  th e  w ar. T he m ost im 
p o r ta n t  th in g  t h a t  D r . M oldenke sa id  was sa id  
in a d v e r te n tly , w hen he  spoke o f o rd e rs  fo r  40,000 
a n d  100,000 cas tin g s . T h a t ,  o f course, w as th e  
key to  th e  d is s im ila r ity  in  th e  m eth o d s of p ro d u c 
t io n  in  A m erica  a n d  in  th is  c o u n try .  A m erica  
was a  new er c o u n try , a n d  th ey  h a d  le a rn e d  th e  
v a lu e  of th e  c e n tra l is a tio n  of c a p ita l  and  in d u s try  
e a r l ie r  th a n  w as done over in  th is  c o u n try . . H e  
also  th o u g h t  t h a t  th e re  w ere  n o t so m an y  con
s tru c tiv e  m in d s in  A m erica  as h e re , a n d  by  h e re  
he  d id  n o t m ean  in  th is  c o u n try  b u t  in  E u ro p ea n  
c o u n trie s . T h e  ty p e  of m in d  such  as D r. M ol
d en k e  an d  M r. F o rd  possessed cou ld  be  fo u n d  in  
th is  c o u n try , n o t in  such  a  h ig h  s ta n d a rd  o f ex
cellence b u t  in  g r e a te r  n u m b ers . T h a t  m ea n t 
t h a t  th e re  w ere  m ore a tte m p ts  a t  d ev elo p m en t over 
on  th is  side . T h is  c o u n try  h a d  m an y  sm all firm s; 
in  th e  U n ite d  S ta te s  th e y  h a d  few er b u t  la rg e r  
firm s, a n d  of course  la rg e r  firm s could  g ive la rg e r  
o rd e rs  to  th e  fo u n d ry  in d u s try . W h a t th ey  
w a n ted  to  see  on th is  sid e  w as m o re  o f t h a t  
system  in  o p e ra tio n . P e rso n a lly  h e  th o u g h t  t h a t  
th e  ten d e n cy  to  h ig h e r  ed u ca tio n  in  A m erica  was 
a  v ery  good f e a tu re ,  a n d  he  be lieved  i t  co u ld  be  
sa id  t h a t  th e  sam e te n d e n cy  w as in  o p e ra tio n  h e re . 
I t  h a d  been v e ry  d e fin ite ly  in  o p e ra t io n  in  G er
m an y , an d  in  th e  S c a n d in a v ian  co u n trie s , an d  in  
o th e r  c o u n tr ie s , i t  h a d  been e x tre m e ly  well 
developed from  th e  in d u s tr ia l  p o in t of view  and 
like ly  to  g ive  th e  A nglo-Saxons a  very  good ru n  
fo r  th e i r  m oney in  th e  n e x t few  y ears . W ith  r e fe r 
ence to  te s t  b a rs , th e re  w as on ly  on e  possib le  ru l 
ing , a n d  t h a t  w as t h a t  th e  te s t  b a r  w as e n ti t le d  
to  g ive  to  th e  consum er, to  th e  e n g in e er who w as 
u s in g  th e  ca s tin g , a d e fin ite  id ea  o f th e  p ro p e rtie s  
of h is  c as tin g . T h e  e n g in eer w as n o t in te re s te d  in  
th e  f a c t  t h a t  th e  iro n  in th e  c a s tin g  w as good iro n . 
H e  w a n ted  to  know  w h a t h is  c a s tin g  w as like , a n d  
th e re fo re  i t  was necessary  t h a t  th e  te s t  b a r  should  
re p re se n t  th e  ca s tin g . T h a t  was th e  a t t i tu d e  of
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m in d  of th e  B r i t is h  e n g in e e r , an d  if th e y  sim ply  
su b m itte d  a  t e s t  p iece  o f th e  iro n  th e y  co u ld  n o t  
ex p ec t th e  e n g in e e r  to  h a v e  a  suffic ien t k n o w ledge  
of th e  d e ta i ls  of th e  fo u n d ry  in d u s try  to  h e  ab le  
to  w eigh  u p  th e  v a r io u s  in fluences a t  w o rk  w h ich  
in  th e  c a s tin g  m ig h t p ro d u c e  a  d if fe re n t r e s u l t  
fro m  t h a t  w hich w as fo u n d  in  th e  te s t  p iece . As 
r e g a rd e d  th e  b a la n ce  o f coke a n d  p ig - iro n  h e  a g ree d  
w ith  D r. M oldenke, a n d  h e  m ig h t  'be in te re s te d  to  
know  t h a t  in  Sheffield fo u n d r ie s  th e y  w o rk ed  on  
1 .7  cw ts. of coke p e r  to n  o f iro n , w hich , of co u rse , 
w as q u i te  in  l in e  w ith  th e  b e s t A m e ric an  p ra c t ic e .  
H e  a g reed  t h a t  th e  te rm  “  sem i-s tee l ”  sho u ld  be  
d iscard ed . A u n ified  co stin g  sy s tem , o f co u rse , 
w as Teally n ece ssa ry  in  a n y  in d u s try  w h e re  th e r e  
was co m p e titio n , becau se  o th e rw ise  th e re  w as v e ry  
foo lish  c o m p e titio n . H e  th o u g h t  a ll in d u s tr ie s  
should  a t  a n y  r a te  e x ch a n g e  id ea s  su ffic ien tly  to  
h a v e  a  com m on b as is  of c a lc u la tio n . H e  p e rso n 
ally  h e a r t i ly  en d o rsed  th e  t r u ly  A m e ric a n  s e n t i 
m e n t w hich D r. M o ldenke  h a d  p u t  b e fo re  th em , 
t h a t  p a y m e n t shou ld  be by  re su lts . I n  th e se  d ay s 
w hen th e re  w as so m u ch  p o litic s  m ix e d  u p  w ith  
in d u s tr ia lism , th e re  w ere  fa lse  id ea s  a b ro a d . I t  
w as necessary  t h a t  if  th e y  w ere  to  e a t  th ey  
m u st w ork . T h a t  w as a fu n d a m e n ta l.  H e  
d id  n o t  know  t h a t  am o n g  Sheffield  m a n u fa c tu re r s  
th e re  w as a  s tro n g  d es ire  t h a t  p a y m e n ts  sh o u ld  b e  
l im ite d . I f  a  w o rk e r w ould  on ly  do  good w o rk  a n d  
p u t  th e  r ig h t  k in d  o f e n e rg y  in to  h is  w o rk  h e  m ig h t  
v ery  la rg e ly  in d eed  e n h an c e  th e  e a rn in g s  w h ich  h e  
could  ta k e  hom e. T h e re  w ere  d ifficu lties in  th e  w ay 
of t r a n s la t in g  a n  id e a  o f t h a t  k in d  in to  p ra c t ic e ,  
b u t  b y  th e  f r ie n d ly  a n d  l ib e ra l e x ch a n g e  of th o u g h t  
w hich w as g o in g  on be tw een  th e  em ployers on  th e  
o ne  side  an d  la b o u r  on  th e  o th e r , th e r e  w as e v e ry  
a p p e a ra n c e  t h a t  e q u ita b le  c o n d itio n s  w ould be 
a r r iv e d  a t  co m p a tib le  fo r  b o th  th e  w o rk e r  a n d  th e  
em ployer, a n d  th e  n e t  r e s u l t  w ou ld  be  t h a t  p r o 
d u c tio n  would a t t a in  a  s ta n d a r d  w hich  i t  h a d  n o t  
a t ta in e d  b efo re . T h en , ju s t  as in  P i t ts b u r g h ,  th e  
B r i t ish  w orkm en  w ould come to  t h e i r  -work in 
m o to r ca rs . On th e  q u estio n  o f te s t in g  D r. H a t 
field sa id  t h a t  th e  th in g  to  do , w as to  c a s t  t h e  te s t  
b a r  on  to  th e  c a s tin g . T h e  reaso n  fo r  t h a t  w as 
t h a t  if  th e y  c a s t  th e i r  t e s t  b a r  on to  th e  c a s tin g  
th e  speed of cooling  of th e  te s t  b a r  w as d e te rm in e d
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by th e  size o f th e  c a s tin g , a n d  i t  was th e  speed of 
th e  cooling w hich  la rg e ly  d e te rm in e d  th e  s tre n g th  
of th e  te s t  b a r . T h a t  p a r tic u la r ly  ap p lied  to  c a s t 
iro n . I f  th e  d e sig n er w as to  s a t is fy  th e  m an  who 
w as u l t im a te ly  to  u se  th e  d ev ice  h e  h a d  to  show 
w h a t th e  s t re n g th  o f th e  m a te r ia l  in  h is  c a s tin g  
was. H e  h a d  no o th e r  w ay o f g e tt in g  i t  o th e r  
th a n  by c u tt in g  a  t e s t  p iece  fro m  th e  c a s tin g  o r 
h a v in g  a te s t  p iece o f d im ensions s im ila r  to  th e  
c a s tin g  c a s t  on . T h is id e a  of c a s tin g  te s t-b a rs  
se p a ra te ly  d id  n o t ap p ea l to  him  a t  a ll. T here  
was su ch  a  th in g  as confidence be tw een  th e  p ro 
d u c e r  an d  th e  consum er, an d  w h a t th ey  h a d  to  
ach ieve  a n d  m a in ta in  w as t h a t  confidence. I f  th e  
p r in c ip le  w hich  he  h a d  been  su g g estin g  w as c a r r ie d  
o u t  th e y  w ould  th e re b y  g a in  th e  confidence of th e  
co n su m ers who k new  so m e th in g  a b o u t th e  business.

M r . ITi ' t o n  sa id  t h a t  i f  th e  w orks m an ag ers , 
fo rem en , and  o th e rs  in  co n tro l o f  fo u n d rie s  in  th is  
c o u n try  w ould on ly  look a f te r  th e i r  m en an d  see 
t h a t  a  m ou lder w as a  m o u ld er a n d  n o t a  lab o u re r, 
th ey  w ould g e t  re su lts  equal to  A m erica  o r  any  
o th e r  c o u n try  in  th e  w o rld . H e  did n o t th in k  t h a t  
th e re  w as a  finer m an  th a n  th e  B r i t is h  w ork ing  
m an  to  be fo u n d  anyw here . I f  he  w as p ro perly  
looked a f te r  th o se  re su lts  w ould b e  fo rth co m in g . A 
la rg e  n u m b er of cupo las w ere o ften  in  difficulties. 
T h e  cupo la  w as th e  basic  o f  all fo u n d ry  p ra c tic e , if 
t h a t  w en t w ro n g  i t  d id  n o t m a t te r  w h a t th ey  did 
e lsew here.

M r . A m b r o s e  F i r t h  proposed , an d  C o m m a n d e r  

J a c k s o n  seconded, a re so lu tio n  of th a n k s  to  D r. 
M oldenke fo r  h is  add ress . T h is  was c a r r ie d , an d  
th e  D o c to r b rie fly  rep lied .

LANCASHIRE BRANCH DISCUSSION.
M r . S .  G .  S m i t h  sa id  h e  d id  n o t th in k  th e re  was 

a fo u n d ry m an  p re se n t who b ad  n o t re a d , in  some 
sh ap e  o r a n o th e r , p a r t  o f  w h a t D r. M oldenke had  
w rit te n ,  and  i t  w as a  g r e a t  p riv ileg e  to  h a v e  th e  
o p p o r tu n ity  of l is te n in g  to  th is  address .

Sulphur Reduction by Soda Ash.
One v e ry  im p o r ta n t  p o in t  w as th e  in creased  p ro 

p o r t io n  o f  su lp h u r  in  sc rap  iro n . In  E n g la n d  it  
was g ra d u a lly  r is in g  to w a rd s  th e  end o f th e  w ar
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a n d  ju s t  ab o u t a  y e a r  a f te r  tb e  A rm is tic e  i t  re ach ed  
its  h ig h es t p o in t,  a n d  som e of th em  w ere  p u zz led  
how to  rem o v e  t h a t  su lp h u r . D r. M oldenke  h a d  
m en tio n ed  a  m eth o d  w hich w as new  to  m o st o f  th e m  
—th e  u se  of soda cakes— a n d  he  w ould lik e  m o re  
in fo rm a tio n  to  be g iv en  re g a rd in g  t h a t .  I f  a 
so d a  cak e  w as p u t  on th e  to p  of th e  iro n  how w as 
th a t  g o in g  to  d ra w  th e  su lp h u r  fro m  th e  b o tto m  o f 
th e  lad le ?  W as th e r e  som e p a r t i c u la r  w ay  of 
a p p ly in g ?

D r. M oldenke h a d  to u ch e d  u p o n  a n  im m ense 
n u m b er o f su b je c ts , som e o f w hich , e ach  by its e lf , 
w ould h a v e  been  suffic ien t fo r  o n e  a f te rn o o n  s  d is
cussion . H e  h im self h a d  h a d  m uch  ex p e rien c e  w ith  
th e  q u e s tio n  of sh r in k a g e . T hose  who h a d  re a d  
h is  a r tic le s  d e a lin g  w ith  th e  p ro b lem  o f th e  f o u n 
d ry , w hich  h a d  a p p e a re d  in  th e  F oundry Trade 
J ournal d u r in g  th e  la s t  tw o  y e a rs , w ould  see  w h a t  
a  v a r ie ty  o f m a t te r s  cam e in to  th is  q u e s tio n  o f 
sh rin k a g e . D r. M o ld en k e  t r u ly  sa id  t h a t  ev ery  
im p o r ta n t  c a s tin g  h a d  i ts  p ro b lem , a n d  w h a t a p 
p lied  to  o ne  m ig h t n o t  a p p ly  to  a n o th e r .

H e  w ould n o t  v e n tu re  a t  t h a t  m o m e n t to  d e a l 
w ith  th e  q u estio n  o f t h e  te s t  b a rs , b u t  h is  v iew  
w as t h a t  a  t e s t  b a r  shou ld  r e p re s e n t  t h e  m e ta l n o t  
th e  c a s tin g . H e  firm ly  be lieved  t h a t  a  te s t-b a r  
cou ld  n e v e r  re p re s e n t  a  c a s tin g , n o  m a t te r  w h a t  i ts  
th ick n ess  was.

D r . M oldenke sa id  in  A m erica  th e  p e rc e n ta g e  
of su lp h u r  rose  to  th e  h ig h e s t p o in t  a f te r  t h e  w a r, 
w hen th e  fo u n d rie s  w ere  a lso su ffe rin g  fro m  th e  
effect o f b ad  iro n  a n d  in fe r io r  coke. I n  th o se  
re sp ec ts  th e  E n g lish  fo u n d rie s  w ere  b e t te r  off th a n  
th e  A m ericans, who h a d  en orm ous fu rn a c e s  p ro 
d u c in g  en o rm o u s to n n ag e s . W hen  th e  soda  cak e  
w as th ro w n  on  th e  m o lten  iro n  th e r e  w as a n  im m e
d ia te  ac tio n  th ro u g h o u t. T h a t  w as p ro v e d  b y  th e  
f a c t  t h a t  w h e th e r  a  sam p le  w as t a k e n  fro m  th e  
to p  iron , th e  m id d le  iro n , o r  th e  b o tto m  iro n , i t  
w as fo u n d  to  be  id e n tic a l in  co m position .

M r . Sm i t h : I s i t  th e  o rd in a ry  ra w  m a te r ia l?
D r . M oldenke : S o d a  ash , th e  c h eap es t.
M r . H . S h erbu rn  sa id  th is  w as a  v e ry  p ro u d  

m o m en t fo r th e  m em bers o f th e  L a n c a sh ire  
B ra n ch . M an y  o f th e m  h a d  re a d  th e  c o n tr ib u 
tio n s  o f D r. M oldenke  to  th e  te c h n ic a l jo u rn a ls  
fo r m an y  years , an d  also t h a t  w o n d e rfu l book of
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his. C o n ta c t h a v in g  been estab lish ed  in  t h a t  way, 
th ey  h a d  now th e  p r iv ile g e  of a m p lify in g  i t  by 
see in g  h im  a n d  l is te n in g  to  h is words.

H e  th o u g h t i t  w as a  d ifficulty  w ith  a ll o f them  
t h a t  somehow th e  prob lem s th e y  w ere  u p  a g a in s t 
o f te n  led  th em  to  hold  p e t th e o rie s  a b o u t d iffe re n t 
ex periences, to  ch erish  c e r ta in  p re ju d ice s , a n d  i t  
w as v e ry  good to  h av e  th e  co rre c tiv e  o f D r. 
M oldenke’s c o n tr ib u tio n  to  th e i r  know ledge an d  
p ra c tic e .

T h e  q u estio n  o f su lp h u r  was a v e ry  serious one, 
a lth o u g h  th e r e  w ere  p eop le  who sa id  t h a t  su lp h u r  
w as a c tu a lly  a  good th in g  w ith in  lim its  a n d  u n d e r  
c e r ta in  cond itions. O ne  o f th e  d ifficulties was 
t h a t  in  th e  f ir s t  m e ltin g  in  th e  cu p o la  some 
fo u n d ry m en  used  a  v ery  sm all a m o u n t o f flux. 
W h a t d id  D r. M oldenke consider a  good 
a v e ra g e  a m o u n t o f lim esto n e  to  use, say  fo r a  ton  
o f iro n ?  H is  own p ra c tic e  was r a th e r  u n o rth o d o x  
in  t h a t  he  used  a  co nsiderab ly  g re a te r  am o u n t of 
lim estone  th a n  an y  o f th e  fr ie n d s  w ith  whom he 
h ad  discussed th is  q u estio n . I t  seem ed to  h im  
t h a t  if  th e  su lphur, w as k e p t  as low as possib le in  
th e  f irs t  m e ltin g , th e  prob lem  w ould n o t  be so 
a c u te  as i t  o th e rw ise  te n d e d  to  becom e la te r  on.

H e  u n d e rsto o d  D r. M oldenke to  say  t h a t  he  
w ould n o t use  sh o t iro n  in  th e  cupola . In  
fo u n d ries  w hich p ro d u ced  v e ry  lig h t cas tin g s, 
w here  th e re  w as a  lo t of h a n d -la d le  w ork, a  con
s id e rab le  am o u n t of sh o t would accu m u la te , and  
th is  p re se n te d  a  prob lem . H e  w ondered  w h e th er 
D r. M oldenke could  suggest a b e tte r  w av of deal
in g  w ith  i t  th a n  sim ply  p u t t in g  i t  in to  th e  cupola.

Height of Coke Bed.
A n o th e r q u estio n  he  w ished to  ask  h a d  re fe ren ce  

to  th e  h e ig h t  o f  th e  bed  ch arg e  o f th e  cupola . I f  
D r. M oldenke  w ould g ive  th e m  som e id ea  w h a t 
th e  h e ig h t in  inches should  be, sa y  above th e  to p  of 
th e  tu y ere s , t h a t  would be v e ry  h e lp fu l. P e rso n a lly  
h e  a lw ays com m enced m e ltin g  o p e ra tio n s  w ith  th e  
coke bed u p  to  a c e r ta in  level. Q u ite  a p a r t  from  
a n y  q u estion  of th e  w e ig h t of th e  coke charged , 
th e  b ed  m u st be  m a in ta in e d  a t  a  c e r ta in  spo t. H e  
h a d  t r ie d  low ering  th e  bed. a n d  c e r ta in ly  th e  m eta l 
would come down q u ick e r in  th e  f irs t in s tan ce , b u t  
a t  th e  en d  o f a  p e rio d  th e re  w as a  ten d en cy  fo r
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tro u b le  to  occur w ith  th e  tu y e re s . T h e  q u estio n  
th e n  a lw ays1 a ro se  w h e th e r i t  wras w ise r to  in c re a se  
th e  h e ig h t o f  th e  bed  in  th e  f irs t p lac e  o r  to  
in c rease  th e  w e ig h t o f th e  su b seq u e n t coke ch arg es . 
H is  ow n o b se rv a tio n s  led  h im  to  th e  conclusion  
t h a t  i t  w as b e t te r  to  keep  th e  bed  well u p  a t  th e  
o u ts e t,  b u t  he  w ould  a p p re c ia te  D r. M o ld en k e  s 
v iew s o n  th e  m a t te r .

D r . M o ld e n k e  sa id  th e  h e ig h t  o f  th e  b ed  w as 
n o t gov ern ed  by th e  w e ig h t, b u t  i t  w as n ece ssa ry  
to  consum e th e  p ro p e r  a m o u n t o f  a i r  in  o rd e r  to  
g e t  th e  necessary  re a c tio n , a n d  t h a t  w ould  be 
in fluenced  by th e  h e ig h t  of th e  bed. T h e  vo lum e 
o f a i r  p u t  in to  th e  cupo la  m u s t n e v e r  be  slack en ed , 
as t h a t  w ould affect th e  p o s itio n  o f th e  bed , b u t  
if  i t  becam e n ecessa ry , fo r  in s ta n c e  i f  t h e  cu p o la  
w as fo u n d  to  be fu rn ish in g  to o  m u ch  iro n , i t  could 
be  sh u t  off fo r  a  t im e  a n d  re su m ed  a f te rw a rd s .  
O ne cou ld  s h u t  off o r  r u n  th e  b la s t  a s  h e  p leased  
p ro v id ed  th e  vo lum e w hen  r u n n in g  w as n o t  
changed .

D e a lin g  w ith  th e  q u e stio n  o f fluxes, D r. 
M oldenke  sa id  w ith  v e ry  c lean  m e ta l  o n ly  1 p e r  
c en t, of lim esto n e  w ould be  needed . F o r  sp ru e s  
th a t  h a d  n o t been c lean ed  i t  w as n ecessa ry  to  ta k e  
ab o u t 3 p e r  c e n t . ; fo r  v e ry  d i r ty  sc ra p  a n d  iro n  
o ne  m ig h t h a v e  to  go as h ig h  a s  4 p e r  c e n t. W h en  
ru n n in g  co n tin u o u sly , 4 p e r  c en t, w as n ece ssa ry  in  
a n y  case, in  o rd e r  t h a t  th e  s lag  m ig h t  r u n  below 
th e  tu y e re s  q u ick ly .

Tuyere Ratios.
M r . K e y  asked  w h a t D r. M o ldenke  w ould  con

s id e r th e  c o rre c t tu y e re  r a t io  fo r  a  40-in. cu p o la  
a ssu m in g  t h a t  th e  b low er w as o f su ffic ien t c a p a 
c ity  to  d e liv e r t h e  n ecessa ry  a m o u n t o f a ir .  Also 
w h a t b la s t  p re s su re  in  inch es o r  ou n ces w ould  h e  
reckon  on  fo r  such  a  cu p o la?

D r . M o l d e n k e  : F o r t y  in c h e s — t h a t  w o u ld  b e  
a b o u t  5 J - to n s  c a p a c i t y  p e r  h o u r .

M r . K e y  : W e  h a v e  m e l t e d  7 t o n s  p e r  h o u r ,  b u t  
w e  m e l t  5  t o n s  p e r  h o u r  b e c a u s e  w i t h  t h e  s m a l l e r  
q u a n t i t y  w e  g e t  a n  i m p r o v e d  i r o n .

D r . M oldenke sa id  th e  p ro p o r t io n  r a n g e d  fro m  
1 in  5 fo r  sm all cupo las to  1 in  10 fo r  la rg e  
cupolas. T h e  s i tu a t io n  w as re g u la te d  b y  th e  
volum e o f th e  b la s t. I f  th e  p ro p o r t io n  o f th e  
b la s t to  th e  size o f th e  cu p o la  w as c o rre c t,  th e
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b la s t p re ssu re  would r u n  fro m  ab o u t 7 ozs. up  to  
16 ozs., d e p en d in g  upon  th e  re s is tan c e  afforded by 
th e  ch arg es to  th e  p assag e  of th e  a ir .  I f  th ey  
w ere  v e ry  slaggy  th e y  w ould n a tu ra l ly  re s is t  m ore.

M r . K ey : A ssum ing  you have  g o t th e  co rrec t 
tu y e re  ra tio ,  w h a t w ould you recom m end as th e  
p e rm a n e n t p re ssu re?

D r . M oedenke rep lied  t h a t  really  one could 
h a rd ly  sa y  th e re  w as a p e rm a n e n t p ressu re , 
because  i t  v a rie d . I t  w ould ru n  low a t  th e  
b e g in n in g , and  a t  th e  e n d  i t  w ould ru n  h igh . 
T he volum e g au g e  was m ore im p o r ta n t  th a n  th e  
p re ssu re  gau g e , because  in  o rd e r  to  g e t  th e  p ro p e r 
com bustion  i t  was necessary  to  hav e  a fixed volum e 
of a i r  b low n in to  th e  cupola .

Bottom Shrinkage.
M r . M arkland asked w h e th er D r. M oldenke h a d  

com e across a case w here th e  sh rin k ag e , o r th e  
d ra w in g  as i t  w as called  h e re , o f th e  iro n  w as a t  
th e  b o tto m  in s te a d  o f a t  th e  top . I n  th e  case of 
a- 3-16ths section  w ith  a  r ib  on  th e  to p  of i t  h e  
fo u n d  i t  w as q u ite  hollow u n d e rn e a th . I t  cam e 
r ig h t  from  th e  su rface . H e  h a d  been  m uch 
tro u b le d  w ith  t h a t ,  a n d  h e  th o u g h t  th e  reaso n  was 
t h a t  th e  iro n  was too  so ft, b u t  he  w ould lik e  to  
h av e  th e  b e n e f it of D r. M oldenke’s experience .

D r . M oldenke sa id  he  w as o f th e  sam e o p in ion , 
a n d  he co u ld  g ive  o ne  in s tan c e  o f a ve ry  long ta b le  
which h a d  sp o ts . T he reaso n  was t h a t  th ey  used 
iro n  t h a t  w as too  good fo r  th e  p u rpose . I t  would 
n o t h a p p en  if  a  lo t o f scrap  was p u t  in.

M r. J .  H ogg sa id  D r. M oldenke spoke like  a 
B r i t is h e r  on  w h a t was described  as th e  “  h u m an e  ” 
side, w hich included  th e  e lim in a tio n  of h a n d  
lab o u r an d  a cc id en t p re v en tio n . H e  h a d  been  led 
to  believe t h a t  A m erica  only c a re d  fo r  p ro d u c tio n , 
b u t  a p p a re n tly  t h a t  was a m isap p reh en sio n .

D r. M oldenke’e o b se rv a tio n s  a b o u t th e  cupola 
a g ree d  w ith  th e  view s he  h a d  expressed  m any  
tim es. I n  h is o p in io n , especially  w here th e  
d ia m e te r  w as sm all, a sim ple  cupola  w ith  a 
s t r a ig h t  shell was th e  b est fo rm , p ro v id ed  one k e p t 
th e  c o rre c t h e ig h t above th e  tu y ere s . I f  th e  
fo u n d rv m an  follow ed th e  d irec tio n s  fo r d e te rm in 
in g  th e  h e ig h t  o f th e  bed, th e re  was no need  fo r 
th e  e la b o ra te  fo rm s o f tu y e re s  w hich w ere som e
tim es seen. As re g a rd s  th e  h e ig h t of th e  tu y eres
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from  th e  b o tto m  o f th e  cu p o la , in  h is ow n p ra c 
t ic e  he h a d  ra is e d  t h a t  to  6 in ., b u t  i t  w as done 
sim ply  in  o rd e r  to  ho ld  m ore m e ta l in  th e  b o tto m  
of th e  cu p o la . U nless t h a t  o b je c t  w as in  view  
i t  was re a lly  a w aste  o f  coke to  p lace  th e  tuye<res 
too  h igh .

D r . M oldenke sa id  i t  w as im p o r ta n t  to  m ix 
th e  ch arg es  c a re fu lly , so  t h a t  a ll th e  in g re d ie n ts—  
th e  p ig - iro n  a n d  th e  sc rap — w ould m ix  to g e th e r  
p ro p e rly  in  e v e ry  p a r t ,  so t h a t  w hen m elted  th e y  
o b ta in e d  iro n  o f  th e  sam e c h a ra c te r  th ro u g h o u t.

Vote of Thanks.
M r. S m it h , in  p ro p o sin g  a  v o te  of th a n k s  to  

D r. M oldenke, s a id  th e r e  seem ed to  be  a  s im ila r ity  
be tw een  h im  a n d  M r. T hom as D . W es t, b u t  th e re  
was th is  d ifference  t h a t  th e  l a t t e r  w as a p ra c t ic a l  
fo rem an  a n d  fo u n d ry  m a n a g e r , w h ereas D r. M ol
d en k e  w as a h ig h ly  sk illed  te c h n ic a l a n d  sc ien tific  
m an. I f  T h o m as D . W e s t w ere  now  liv in g  he  
would be  n e a r  th e  sam e  age as D r. M oldenke. A t 
th e  “  W elcom e ” d in n e r  g iv en  b y  th e  N a tio n a l 
I ro n fo u n d in g  E m p lo y e rs’ F e d e ra t io n  to  th e  
A m erican  v is ito rs  on th e  p re v io u s  ev en in g  he  (M r. 
S m ith ) h a d  th e  p lea su re  o f  s i t t in g  n e a r  M r. R . 
W est, th e  so n  o f T hom as D . W es t, who, o n  th is  
h is  f irs t v is it  to  E n g la n d , h a d  b een  ab le  to  p ro c u re  
a  copy  o f t h e  b i r th  c e r tif ic a te  o f  h is  f a th e r ,  who 
was b o rn  in  M a n c h e s te r . So  a lth o u g h  h e  w as a 
g r e a t  A m erican , h e  w as p r im a r i ly  a  B r i t is h e r .  
In d e ed , A m erican  fo u n d ry  p ra c t ic e  s p ra n g  m ore  
or less fro m  E n g lish  fo u n d ry  p ra c t ic e .  Som e 
th i r t y  o r  f o r ty  y e a rs  ago one co u ld  h a rd ly  g o  in to  
a fo u n d ry  in  th e  U n ite d  S ta te s  a n d  n o t  find  a 
B r itish e r  a s  fo rem a n  th e re .

H e  w ished th e y  cou ld  h av e  D r. M o ld en k e  w ith  
th em  once a y e a r . A m ongst th em se lv es th e y  b ad  
th o ro u g h ly  d iscussed  a lm o st th re a d b a re  som e of 'che 
m a t te r s  w hich h a d  b een  to u ch e d  u p o n  in  th e  
ad d ress , a n d  th e y  fu lly  a p p re c ia te d  th e  im p o r ta n c e  
of D r. M oldenke’s re m a rk s . I n  th e  m a t t e r  o f  
m ou ld ing  san d s h e  q u ite  ag reed  w ith  w h a t  w as 
sa id  a b o u t th e  size o f t h e  g ra in s .  I f  th e y  w ere 
a ll la rg e  i t  was good fo r  heav y  w ork, if  th e y  w ere 
all sm all i t  w as good fo r  l ig h t  w ork , b u t  a  m ix tu re  
of th e  tw o  w as b a d  fo r  b o th  la rg e  a n d  sm all 
c as tin g s.
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M b. W . H . Sh er b u r n , in  seconding  th e  vo te  of 
th a n k s , sa id  i t  w as n o t a s t r a n g e r  from  a fo re ig n  
lan d  whom th ey  w ere w elcom ing, h u t  a m an  whom 
m an y  a fo u n d ry m an  knew  b e tte r  th a n  h e  d id  h is 
n e x t  door ne ig h b o u r. L ook ing  th ro u g h  some old 
fo u n d ry  tec h n ica l l i te r a tu r e  o f  25 to  27 y ea rs  ago, 
he  cam e across one of D r. M oldenke’s le tte rs , 
w hich h e  re a d  wi th  specia l in te re s t,  because i t  
s ta te d  w h a t th e  fo u n d ry m an  would do in  th e  
fu tu re ,  a n d  ex p erien ce  h a d  shown t h a t  D r. Mol- 
d en k e  was r ig h t.  P ro p h ecy  he lped  to  b r in g  abou t 
th e  th in g s  p re d ic te d  w hen it  in sp ired  people w ith  
confidence to  a t te m p t  th em . N o t ev ery  p ro p h e t 
lived  to  see h is  p ro p h ecies verified , an d  D r. Mol- 
d enke  w as fo r tu n a te  in  t h a t  re sp ec t, n o r w as he  
w ith o u t h o n o u r in  h is ow n c o u n try . F o r  moire 
t h a n  a  q u a r te r  o f  a  c en tu ry , h e  h a d  been  an  
in sp ira tio n  to  B r i tish  fo u n d ry m en , a n d  h ad  set 
them  re a d in g  a n d  th in k in g , H e  h a d  le t  l ig h t  in to  
th e  d a rk  co rn ers  o f th e  in d u s try . T w enty-five 
y e a rs  ago  th e re  w ere m an y  d a rk  co rn ers , a n d  some 
people  t r ie d  to  keep  th em  d a r k ;  if  th e y  lea rn ed  
a n y th in g , th e y  w an ted  to  keep i t  to  them selves. 
D r. M oldenke h a d  done m ore  th a n  a n y  o th e r  m an  
to d ispel t h a t  view , an d  th ey  w ished h im  success 
in  h is  f u tu r e  e ffo rts in  t h a t  d irec tio n .

T h e  vo te  of th a n k s  w as c a r r ie d  w ith  acc lam a
tio n . I n  rep ly in g , D r . M oldenke re m a rk e d  th a t  
T hom as D. W est w as o n e  of h is  b e s t  fr ien d s , a n d  
th ey  w o rk ed  to g e th e r. H e  w as a n  id ea l w o rk e r; 
no m a n  cou ld  m ake ex p erim en ts  b e t te r ,  a n d  th ey  
co -opera ted  a t  a  t im e  w h en  th e y  h a d  to  g rope  in 
th e  d a rk  a n d  w ork th in g s  o u t  fo r them selves.



OIL SAND CORES.

A Discussion Opened by Mr. W. T. Evans.
M b. E vans e x p la in ed  t h a t  he  p ro p o sed  to  deal 

w ith  th e  su b je c t u n d e r  th e  fo llow ing  h e a d in g s :  —  
S an d s  used , b in d ers , m ethods of m ix in g , d ry in g  
an d  d r ie rs , m ethods a n d  reaso n s  fo r u s in g  oil- 
san d  cores.

Sands Used.
T h ere  a re  m any  m ix tu re s  of sa n d  used , a n d  each  

fo u n d ry m an  seem s to  h av e  h is  ow n p a r t ic u la r  
fa v o u rite  w hich is no  dou 'bt s u ita b le  fo r  th e  w ork 
in h a n d . O bviously  som e w ould  be m en tio n ed  
w hich a re  n o t  s u ita b le  fo r  a ll  c lasses o f c a s t in g s ; 
i t  h a s  to  be le f t  to  th e  in d iv id u a l  to  choose th e  
m ost su itab le .

T h e re  w as no re a so n  fo r  d ry in g  sea  sa n d , w hich  
everyone  is  fa m il ia r .  T h is  c a n  be  u sed  w et o r  
d ry . M ix tu re s  of sea san d  w ith  th e  o r d in a r y  red  
o r  new  m o u ld in g  sa n d  o f th e  lo c a lity  a r e  used , 
p re fe ra b ly  a f te r  b o th  san d s have  b een  d r ie d  to  
g e t an  even m ix tu re . S a n d  from  th e  f e t t l in g  
shops, old co res w hich  a r e  g a th e re d  u p  in  th e  
fo u n d ry  an d  re g ro u n d , a r e  th e  classes o f m ix tu re  
w ith  w hich he  was m o st fa m il ia r .

T h e re  was no reaso n  fo r d ry in g  se a -san d , w hich 
is used  w ith  lin seed  oil a n d  w a te r , b u t  th e  o th e r  
san d s a re  b e t te r  d r ie d  b e fo re  m ix in g , as th is  
sh o rte n s  th e  p e rio d  o f t im e  in  th e  core  ovens.

I t  is n o t in te n d e d  to  say  m uch  a b o u t b in d e r s ; 
th e re  a re  now so m an y  on  th e  m a rk e t,  o f  w hich 
6om e a re  q u i te  good, b u t  th e re  a re  few w hich a re  
an  im p ro v em en t on  lin seed  oil by  i ts e lf  o r  w ith  
m olasses. P e rso n a lly , h e  h a d  h a d  v e ry  l i t t le  
ex p erien ce  w ith  th e  p ro p r ie ta ry  b in d e rs .

Theire a re  sev era l m ix in g  m ach in es w hich a re  
su itab le , th ose  s im ila r  to  m ach in es  used  fo r 
dough m ix in g  b e in g  m ost fa m il ia r .

•Before the Birmingham Branch, Air. .T, B . Johnson presid ing.
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T h e  o rd in a ry  m ach ine  used fo r m ix in g  and 
a e ra t in g  fa c in g  sands, e i th e r  v e r tic a l o r  h o ri
z o n ta l, w ith  th e  double cag e , is th o u g h t to  be th e  
best. T h e  ch ief d ifficulty  w ith  th is  class of m ix e r 
is t h a t  th e  pegs in  th e  cages g e t  clogged w ith  th e  
b in d e r. T h e  b e s t m eth o d  o f d ea lin g  w ith  th is  is 
to  d ism an tle  th e  m ach in e  p e rio d ica lly  an d  sa n d 
b la s t  th e  cages, w hich qu ick ly  c leans th e  sticky  
mess fro m  th e  pegs.

T he m ach ine  he h a d  used  chiefly  fo r m ix in g  is 
one w ith  a h a lf-ro u n d  bo ttom  lik e  a b asin  w ith  
a  c e n tre  s h a f t  on  w hich is keyed  a c a s tin g  c a r ry 
ing  a series of ro u n d  o r  sq u a re  pegs. T he w orst 
f e a tu re  is i ts  sim p lic ity . I t  will tu r n  o u t  a  new 
m ix every  five m in u te s , th e  q u a n ti ty  obviously 
v a ry in g  w ith  th e  size. I t  is  ch eap  to  d r iv e  and  
costs very  l i t t le  fo r  re p a irs , an d  em p ties  its e lf  in to  
b a rro w , e tc .

Drying Sand Cores.
T he ch ie f f e a tu re  of d ry in g  o il-san d  cores is 

t h a t  th e y  do n o t re q u ire  th e  te m p e ra tu re  used 
fo r  o rd in a ry  san d  cores, w hich im plies t h a t  m any  
m ore cores c a n  be p ro d u ced  from  th e  sam e core 
ovens. A d d itio n a lly , when d ry , th ey  can  be 
h a n d le d  w ith o u t fe a r  of b re ak in g . They are  
m ore  o r  less im p erv io u s to  m o is tu re  a n d  can  be 
sa fe ly  le f t  in  m oulds fo r  m uch longer p e riods 
th a n  o rd in a ry  cores, an d  can  be s to re d  fo r in d e
fin ite  periods.

F o r  th e  successfu l p ro d u c tio n  of th is  class o f core, 
‘ d r i e r s ”  a re  defin ite ly  necessary , as th e  w orst 

f e a tu re  o f some m ix tu re s  o f sand  is t h a t  th e  cores 
a re  so easily  d is to r te d  a n d  b ro k en  b e fo re  d ry in g , 
an d  p rov isio n  h as to  be m ad e  fo r c a r ry in g  cores 
w hich a re  n o t  f la t  by  m ak in g  p la te s  o r  “  san d  
d r ie rs  ” o f  th e  sam e c o n to u r  as th e  cores. T h is  
is a  m a t te r  o f ex perience , a n d  w hen c a r r ie d  o u t 
successfu lly , first-class cores t r u e  to  shape  a re  
m ade.

Necessity for Varying Sand Mixtures.
F i r s t ,  as to  th e  o rd in a ry  u n d rie d  sea sand , if 

th is  is m ixed  w ith  linseed  o il, em ulsified w ith 
w a ter, i t  is su ita b le  fo r  m ost cores, b u t  chiefly 
those  fo r  l ig h t  c as tin g s ; also, such cores as have  
good “  d r ie rs  ”  r e ta in  th e ir  sh ap e , fo r  th is  class 
o f san d  m ix tu re  has p ra c tic a lly  no bond  when
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g re en  an d  th e  le a s t to u ch  is su ffic ien t to  b re a k  a 
core, a n d  cores c a n n o t be m ad e  t r u e  to  sh ap e  
un less som e sp ec ia l m eth o d s a re  a d o p te d . T his 
m ix tu re  is  free  v e n tin g  a n d  easily  ram m ed:; m 
fa c t,  i t  on ly  needs p re ss in g  in  th e  boxes w ith  th e  
fingers, b u t  som e c o re -iro n s  o r  w ire  a re  n ecessa ry .

To overcom e th is  lack  o f b o n d  w hen  g re e n , th e  
use  o f  m ix tu re s  c o n ta in in g  red  o r  o th e r  m o u ld in g  
san d s u p  to  50 p e r  cen t, a re  su ccessfu l. T h is  
c lass o f san d  c an  be used w ith  v e ry  few  co re-iro n s, 
an d  in  m an y  cases co re-iro n s a re  u n n ecessa ry .

I t  is b e t te r  to  d ry  a ll san d  used  in  th is  m ix 
tu r e  ; also to  in c rease  th e  m o u ld in g  sa n d  th e  
h e a v ie r  th e  c a s tin g s  fo r w hich  th e  cores a re  
re q u ire d .

T h is  class of san d  will re q u ire  m ore  b in d e r  in  
p ro p o rtio n  to  th e  m o u ld in g  san d  u sed , a n d  i t  also 
re q u ire s  m ore ra m m in g . W h ere  co res a re  u n d e r  
p re ssu re  a t  th e  b o tto m  o f th e  m oulds, th e re  should  
be no  so f t  p laces in  th e  co res, b u t  th e y  sh o u ld  be 
even ly  ram m ed .

T his m ix tu re  is s u i ta b le  fo r re la tiv e ly  h eav y  
cas tin g s , such  as locom otive , g a s a n d  o il e n g in e  
cores, as i t  w ill leav e  a c lean  face  on th e  c a s tin g s . 
I t  is easily  rem oved  a n d , b e in g  used  w ith  few  or 
no co re-iro n s, th o u g h  r a th e r  ex p en siv e  in  th e  
q u a n ti ty  o f  b in d e r  u sed , i t  w ill p a y  fo r  i ts e lf  
u ltim a te ly .

T h e  ch ie f re a so n  fo r  a d d in g  re d  s a n d  to  sea- 
san d  is to  overcom e th e  r isk  of d is to r tio n  a n d  th e  
use  o f “  d r ie r s ,”  w hich  a re  a n  ex p en s iv e  ite m  fo r 
la rg e  cores. A d d itio n a lly , i t  o b v ia te s  th e  use  of 
co re-iro n s an d , in  m o s t cases, w h ere  th is  m ix tu re  
is used, cores will h av e  suffic ien t b o n d  to  h o ld  u p  
w hen g re en  a n d  keep  th e i r  sh a p e  w ith  th e  m in i
m um  of su p p o r t .  A n o th e r  f e a tu re  is t h a t  cores 
m ad e  w ith  sea  san d  a lo n e  c a n n o t, in  m an y  cases, 
he successfu lly  m en d ed , w h ereas, w hen  a n  a d d i
t io n  of m o u ld in g  sa n d  is  m ade , th e y  can  b e  p a tc h e d  
up  w ith o u t m uch  tro u b le . T hese  cores, w hen d ry , 
w ill be v e ry  h a rd ,  a n d  w ill s ta n d  so m ew h at ro u g h  
usage. T h e  sk in  is ex ce p tio n a lly  sm o o th , a n d  
th e re  is n o t  th e  ro u g h  fin ish  on  th e  in sid e  o f th e  
cas tin g s  t h a t  is o f te n  fo u n d  w ith  o rd in a ry  sea 
sand .

A n o th e r f e a tu re  w hich  recom m ends th is  m ix tu re  
is t h a t ,  w here  loose p ieces h a v e  to  be  w ith d ra w n ,
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th ey  will leave w ith o u t m uch  fe a r  of ro u g h  edges, 
w hich  a re  n o t conducive to  c lean  cas tin g s.

A good m ix tu re  c a n  be m ade  from  th e  d ry  sand  
from  th e  f e tt l in g  shop , w hich is q u ite  good fo r 
l ig h t  cas tin g s , such  as sm all p is to n  heads, e tc ., 
o r  an y  core w hich h a s  n o t to  he c h ap le ted , fo r th is  
m ix tu re  will n o t be s tro n g  enough  to  use w ith o u t 
su p p o rts  o r  co re-irons. A ll old cores should  be 
co llected  an d  re tu rn e d  to  core-shop an d  re g ro u n d  
fo r f u r th e r  use. T h is  m ak es a  core a l i t t le  
s tro n g e r  th a n  th a t  fro m  th e  f e t t l in g  shop sand , 
a n d  is v e ry  u se fu l, an d  econom ical, as i t  uses 
o th erw ise  w aste  m a te r ia l.  F ro m  ex perience , he 
f e lt  su re  t h a t  fo u n d ry m en  could  n o t p roduce  th e  
i n t r ic a te  co red  c a s tin g s , such as m o to r cy linders , 
now called  fo r in  la rg e  q u a n tit ie s , w ith o u t u sin g  
cores m ade  by m ethods u n d e r  discussion . T h ere  
a re  m any  sn a g s  to  overcom e by fo u n d ry m en  com
m encing  to  u se  th is  ty p e  o f m a te r ia l.

O ne g re a t  d raw b ack  is t h a t ,  w ith  some b inders , 
th e re  a re  la rg e  q u a n ti t ie s  of noxious fum es from  
th e  cores when c a s tin g , a n d  good v e n tila tio n  is 
e ssen tia l. T h ere  would be a m a rk e t fo r a b in d e r 
a t  a  p rice  which would overcom e to  some e x te n t 
th is  tro u b le .

“ Driers ” made from Sand.
The B ranch-P resid en t sa id  th a t ,  g o ing  th ro u g h  

some o f th e  local fo u n d rie s  re ce n tly  w ith  th e  
A m erican  v isito rs , he  n o ticed  t h a t  a t  one fo u n d ry  
th e y  h a d  a d o p te d  a sp len d id  id e a  fo r  “  d r ie rs  ”  
o r p la te s  to  hold  th e  cores when th ey  w ere in  th e  
stove an d  to  p re v e n t  d is to r tio n . T hey  a p p ea red  
to  h av e  m ade  a  sa n d  m ould o f th e  b o tto m  end  of 
th e  core box, w hich th ey  u sed  over a n d  over ag a in . 
I t  w as m ad e  o u t o f  w aste  sand  a n d  b ro k en  cores 
g ro u n d  up , w ith  th e  a d d itio n  o f e x tr a  lin seed  oil, 
a n d  th ese  “  d r ie rs  ”  w ere as h a rd  as a b riok , and  
no d o u b t would la s t  a long tim e.

Mr . F . D ubberley sa id  h e  h a d  h ad  ov er ten  
y e a rs ’ ex p erien ce  w ith  sea-sand , a n d  he fo u n d  it 
was l i t t le  use e x p la in in g  its  p e c u lia r itie s  to  those  
'who w ere to  use  i t .  T h ey  h ad  to  be  fo u n d  ou t 
from  a c tu a l p ra c tic e . So f a r  as linseed  oil and  
re d  san d  w ere concerned , he  h a d  n ev er been  im 
pressed  by th e i r  use . I t  was a ch eap  m ethod  a n d  
a qu ick  m ethod , because th e re  was no ram m in g , 
b u t  th ey  h a d  to  p u t  u p  w ith  scabs and  d ir t .
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M r. H . F ield  sa id  th a t ,  in  c o n sid e rin g  w h e th er 
o il-san d  cores w ere  o r w ere  n o t  d ifficult th in g s  to  
m ake, e v e ry th in g  d ep en d ed  u p o n  w h e th e r  ^key 
h a d  s ta n d a rd is e d  p rocesses. W h ere  d id  th e  d im - 
c u ltie s  a r is e ?  I f  th e y  w ere m a k in g  th e i r  cores 
fro m  sea -san d , th e y  cou ld  n o t  a sk  fo r  a  m o re  
u n ifo rm  m a te r ia l  th a n  th a t .  I t  d id  n o t  v a ry  
a n y th in g  lik e  so m uch  as re d  san d , a lth o u g h  th e  
l a t t e r  a lw ays cam e from  th e  sam e  bed. As to  th e  
m ix in g  of th e  sand  w ith  th e  oil. he  a d m it te d  t h a t  
th e y  w ere f a r  from  b e in g  s ta n d a rd is e d  I n  m ix 
ing  s a n d  w ith  oil, i t  was n ecessa ry , if  th e y  w ere 
to  g e t  an  effec tive  b o nd , t h a t  ev e ry  p a r t ic le  of 
th e  sa n d  should  be c o a ted . I t  w as n o t  suffic ient 
t h a t  th e  m a te r ia ls  should  be ro u g h ly  m ix ed  u p . 
As to  th e  d ry in g , th e r e  w as on ly  o ne  c o rre c t 
te m p e ra tu re ,  a n d  a n y  v a r ia t io n  cau ses tro u b le . 
H e  a g ree d  t h a t  th e  m a rk e t  w as b e in g  flooded w ith  
core oils. T h e re  w as a  ru s h  of peop le  on th e  
m a rk e t  to -d ay  se lling  core  o ils , who th o u g h t  i t  w as 
as easy  to  m a n u fa c tu re  a n d  sell core  o il a s to  d ea l 
in  coal o r  f o u n d ry  shovels. T hese peo p le  w ere 
n o t  su p p ly in g  o ils w hich  w ere s u ita b le  fo r  m ak in g  
h igh -class cores.

Mixing Considerations.
M r . A .  J .  M a r k s  th o u g h t  i t  w as e sse n tia l to  

look a t  th e  sc ien tific  p r in c ip le s  u n d e r ly in g  th e  
process in  o rd e r  to  g e t  r id  o f  th e  d ifficu lties to  
w hich re fe re n ce  h a d  been  m ad e . T h e re  w ere  tw o 
p ra c tic a l p o in ts  w hich  h a d  a sc ien tific  b asis . T he 
f irs t w as th e  m ix in g . I n  m ix in g  a  su b s ta n c e  lik e  
oil, which w as u su a lly  o f  h ig h  v isco sity  co m p ared  
w ith  w a te r , i t  w as n ecessa ry  t o  b r in g  each  p a r t ic le  
of th e  san d  in  c o n ta c t,  b ecau se  th e  c a p il la ry  fo rce  
be tw een  th e  p a r tic le s  of sa n d  w as n o t  o f  so h ig h  
an  o rd e r  as in  th e  case of w a te r  a n d  sa n d . A ny 
m ach in e  fo r m ix in g  san d , th e re fo re , m u s t  h a v e  a  
ru b b in g  ac tio n . M ach in es such  a s  d o u g h  m ix e rs , 
w here  th e y  w ere u s in g  v e ry  d if fe re n t m a te r ia l ,  
w ere  e ssen tia lly  d if fe re n t in  p r in c ip le  fro m  
m ach in es w hich w ould  b e  successfu l fo r  o il-sand  
m ix in g . A ny m ach in e  w hich  was sim ply  f la p p in g  
ab o u t, o r m ix in g  by m ean s o f a  fo rk  o r  a rm , w as 
p ro d u c in g  c o m p a ra tiv e ly  l i t t l e  ru b b in g  a c tio n , so 
t h a t  t h a t  ty p e  of m ach in e  w ould b e  sc ien tific a lly  
inefficien t in  m ix in g  o il a n d  san d . T h ey  w a n ted
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a  m ach in e  w hich  would cause  th e  san d  to  be 
ru b h ed . As to  th e  o il itse lf, th e  process was essen
t ia l ly  o n e  of o x id a tio n  b ro u g h t ab o u t by h e a t. 
F o r usin g  th e  m in im u m  a m o u n t of o il i t  was neces
sa ry  to  b a lan ce  th e  te m p e ra tu re  w ith  th e  availab le  
su p p ly  o f oxygen . I n  p u rc h a s in g  oil fo r  fo u n d ry  
w ork, i t  was e sse n tia l to  avo id  th e  p u rc h ase  of 
p u re  h y d ro carb o n  o il, which would re q u ire  som e 
a d m ix tu re  such  as m olasses to  b in d  u p  th e  p a r tic le s  
of san d . I n  essence, such  o ils w ere  n o t core oils 
a t  a ll. T hey  m u st o b ta in  v e g e tab le  or o x id isab le  
oils in  o rd e r  to  p ro d u ce  a sa tis fa c to ry  core w ith o u t 
u n d u e  loss.

M u. H . T yson  sa id  he  was so rry  fo r an y  core
shop fo rem an  who h ad  to  h a n d le  oils, because  he  
nev er knew  w hen he  w as g o in g  to  g e t tw o b a rre ls  
a lik e . T he re m a rk  ap p lied  b o th  to  lin seed  oil and  
m olasses. A m an  w en t a lo n g  well fo r a tim e , 
a n d  th e n  h is  cores w en t w rong , th e re  b e in g  no 
d o u b t th e  f a ilu re  was d ue  to  th e  chem ica l p ro 
p e r tie s  of th e  d iffe re n t oils su p p lied . As to  sea- 
san d , h e  co n sid ered  i t  w as necessa ry  to  
d ry  i t .  H is  p ra c tic e  w as to  m ix  th e  san d  in  an 
o rd in a ry  s a n d  m ill, w hich, he  th o u g h t, was a lm ost 
as q u ick  as an y  o th e r  m ix e r on  th e  m a rk e t.

A m em ber s ta te d  t h a t  h is firm  te s te d  o il a t  
th e  w o rk in g  te m p e ra tu re  of th e  co re  oven. A 
w eighed sam ple  was p laced  in  th e  oven an d  h e a ted  
fo r a  d e fin ite  p e rio d . I t  m ig h t v a ry  from  fo u r 
to  six h ours. They p laced  th e  sam ple  in  a steam  
oven which could  be  m a in ta in e d  a t  a fa ir ly  co n 
s ta n t  te m p e ra tu re ,  an d  h e a te d  i t  fo r a  s ta te d  tim e , 
a f te rw a rd s  w eigh ing  th e  resid u e . T hey  m u st n o t 
b u rn  th e  oil. I t  w as p u re ly  by e x p e rim e n t t h a t  
they  fo u n d  t h a t  th e  a m o u n t o f re sid u e  h a d  a con
sid e rab le  in fluence upon  th e  s ta b ili ty  of th e  cores.

M r. H . F i e l d  sugg ested  as a ro u g h  te s t  th a t ,  if 
an  o il w hen sp read  in  a  th in  lay e r on g lass did 
n o t go “  gum m y ”  w ith in  tw e n ty -fo u r  h o u rs  i t  
could be  d isch ard ed  w ith o u t t ro u b lin g  to  m ake 
cores w ith  i t .  T he te s t  gives m ore  in fo rm a tio n  
when co m pared  w ith  lin seed  oil s im ila rly  tre a te d .

R e p ly in g  u pon  th e  d iscussion , M r - E vans r e 
fe rre d  to  th e  m ix in g  o f lin seed  o il an d  w a te r , and  
sa id  i t  was d esirab le  to  t a k e  a sq u a re  t a n k  to  hold  
tw o  o r  th re e  gallons, and  to  p u t  in  th e  a m o u n t of 
oil an d  w a te r  th ey  re q u ire d  an d  tu r n  com pressed
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anr on  to  i t .  T h ey  co u ld  see  w hen i t  was em u lsi
fied, a n d  th e  m eth o d  w as q u ite  successfu l. As to  
d ry in g  sea -san d , h e  sa id  h e  could  n o t  see w hy 
th e  s a n d  shou ld  be d r ie d  w hen  th e y  w ere  u s in g  
lin seed  o il a n d  w a te r . A  doub le-cage  m ix e r  w as 
v e ry  successfu l. T h e  speed  o f m ix in g  w as a lw ays 
th e  sam e w ith  t h a t  ty p e  of m ix e r, a n d  th e re  was 
no d o u b t i t  d id  i ts  w ork  th o ro u g h ly . W ith  re g a rd  
t o  th e  d if fe re n t classes of oils, th is  w as c e r ta in ly  
a  d ifficu lty  w here  th e r e  w as no la b o ra to ry .  In  
th e  case  of lin seed  oils, w h ere  th e  fo u n d ry m a n  
h a d  no o n e  to  look a f te r  th e  m a t te r ,  h e  ad v ised  
th e  use  of boiled lin seed  o il. A ll h is  co res w ere 
d r ie d  a t  a  te m p e ra tu re  o f  a b o u t  255 deg . F a h . 
T h e  q u estio n  o f o ils  c o n ta in in g  h y d ro c a rb o n s  h ad  
been  m en tio n ed , a n d  he co nfirm ed  t h a t  h e  was in  
fa v o u r  o f  u s in g  v e g e tab le  oils.

P ro p o s in g  a  v o te  of th a n k s  to  M r. E v an s , M r . 
T .  V i c k e r s  m en tio n ed  t h a t  th e  C a s t I r o n  R esearch  
A sso c ia tio n  w as in v e s tig a tin g  o il-san d  co res, an d  
som e m on ths ago com m enced th e  in v e s tig a tio n  o f 
a ll th e  l i t e r a tu r e  u p  to  th e  t im e  p re v io u s  to  th e  
f irs t c o re -m ak in g  m ach in e . T h ey  co u ld  fin d  no 
m en tio n  o f a n y  s ta b ilis in g  of m ix in g  o f o il an d  
w a te r  o r  o il a n d  san d . H e  th o u g h t  M r. E v an s  
w ould h a v e  e n lig h te n e d  th e m . H e  w o n d ered  w hy 
i t  w as t h a t  th e  e x p e rts  who to ld  th e m  a ll  a b o u t
o il-san d  co res s tu d io u s ly  av o id ed  l e t t in g  o u t  th e  
sec re t. H e  d isa g ree d  w ith  M r. E v a n s  t h a t  th e  
ta n k  shou ld  be cov ered . I t  sh o u ld  be a n  o pen  
t a n k  filled tw o -th ird s  w ith  o il a n d  w a te r  in  th e  
p ro p o rtio n  o f o n e - th ird  o f  o il to  tw o - th ird s  o f 
w a te r  T h e  a i r  p ip e  sh o u ld  be s ix  in ch es fro m  th e  
bo tto m , a n d  ju s t  be fo re  th e  m ix tu re  w as re q u ire d  
th e  a i r  sh o u ld  be  tu rn e d  o n  a n d  k e p t  g o in g  u n t il  
th e  to p  th i r d  of th e  t a n k  was filled w ith  foam . 
T h a t  system  g a v e  a ve ry  g r e a t  sa v in g  in  th e  use  
of th e  o il, b u t  b e s t  o f  a ll, i t  m ad e  a  th o ro u g h  
m ix tu re  o f th e  o il w ith  th e  w a te r  a n d  w ith  th e  
san d .

M r. T yson seconded th e  m o tio n , w hich  was 
h e a r t ily  en d orsed  by th e  m ee tin g .
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Lancashire Branch
(BURNLEY SECTION).

DESULPHURISATION OF FOUNDRY COKE.

By A. D. Young (Burnley Gas Department).
A p e rfe c t coke w ould con sis t of c a rb o n  to g e th e r 

w ith  v e ry  sm all q u a n ti t ie s  o f hy d ro g en , b u t  in 
a c tu a l p ra c t ic e  i t  c o n ta in s  a  n u m b er of im p u ri
ties, such  as n itro g e n , su lp h u r, phosp h o ru s and  
ash . S u lp h u r  is u su a lly  p re se n t  in  am o u n ts  v a ry 
ing  from  0.5 to  1.75 p e r  cen t. To a sc e r ta in  in 
w h a t fo rm  th ese  im p u ritie s  ex is t, i t  becom es neces
sa ry  to  m ak e  an  e x a m in a tio n  of th e  coal p r io r  to  
th e  co k in g  process.

T h e  coal m ay  be s a id  to  c o n ta in  as im p u rit ie s  
d i r t ,  shale, iro n  p y rite s , a n d  th e  ash o f th e  coal 
su b stan ce. T h e  la rg e r  p e rce n ta g e  o f th e  first- 
th re e  a re  rem oved  in  th e  w ash in g  process, b u t  th e  
m in e ra l ash  re m a in s  in  th e  coal a f te r  w ashing.

L o o k in g  a t  th e  occu rren ce  o f th e  su lp h u r  in  
th e  o rig in a l coal, i t  m ay be sa id  to  e x is t  as fo u r 
ty p es of su lp h u r  com pounds.

In o rg a n ic  S u lp h u r  (d is tr ib u te d  ir re g u la r ly ) .—
(1) P y r i te s  a n d  m arc as ite , F e S 2 ; (2) su lp h a te s
soluble in  d i lu te  hyd ro ch lo ric  acid.

O rganic S u lp h u r .— (1) T h a t  p re se n t in  those  
p o rtio n s  o f th e  coal soluble in  phenol an d  te rm ed  
“  R e sin ic  ”  o rg a n ic ;  (2) t h a t  p re se n t in  th e  p o r
t io n s  o f coal insoluble in  phenol, te rm e d  “ h u m u s 
o rg a n ic ,”  an d  shown by chem ical re ac tio n s  to  be 
re la te d  to  th e  h u m u s com pounds of th e  coal 
substance.

D u r in g  th e  cok ing  process th e  p y r ite s  an d  m a r
c as ite  a re  decom posed in to  fe rro u s  su lp h id e , su l
p h u r , a n d  p y r rh o t i te  (m ag n e tic  p y r ite s  of com
p o sition  be tw een  5 F eS .F e .S ,, an d  6 F e S .F e 2S3). 
T h e  su lp h u r  is p a r tia l ly  re ta in e d  by th e  coal, and
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p a r t ly  com bines w ith  h y d ro g en  to  fo rm  su l
p h u re tte d  h y d ro g en  fo u n d  in  th e  gas. T he 
re a c tio n  reach es  a  m ax im u m  be tw een  400 a n d  
500 deg. C.

T he su lp h a te s  a re  red u ced  to  su lp h id es  d u r in g  
th e  co k in g  process, th e  re a c tio n  b e in g  co m p le te  a t  
500 deg. C.

T he re s in ic  su lp h u r  re m a in s  in  th e  coke in  a 
c h an g ed  fo rm .

T h e  h u m u s su lp h u r  is p a r t ly  v o la tilised , p a r t  of 
th e  su lp h u r  re m a in in g  in th e  coke in  a ch an g ed  
form .

T hus i t  can  be sa id  th a t  w h ils t th e  coke re m a in s  
in th e  re d u c in g  a tm o sp h e re  of th e  oven , s u lp h u r  
is p re se n t in  tw o fo rm s : —

(1) M a jo r  P o r tio n .— As a  solid so lu tio n  o f su l
p h u r  in  carbon .

(2) R e m a in d e r .— As , fe rro u s  su lp h id e  w ith  a 
sm all q u a n ti ty  o f calcium  o r m ag n esiu m  su lp h id e .

D u r in g  th e  q u e n ch in g  process t h e  su lp h u r  in  
th e  coke is su b je c t to  o x id a tio n , a  p o r t io n  of th e  
m eta llic  su lp h id es b e in g  o x id ised  to  su lp h a te s  an d  
fre e  su lp h u r , th is  free  su lp h u r  b e in g  re ta in e d  in 
th e  coke, w hile  t h a t  in  so lid  so lu tio n  re m a in s  
unch an g ed .

I f  th e  coke can  be  q u en ch ed  in  a re d u c in g  
a tm o sp h ere , no  o x id a tio n  of th e  su lp h id es  would 
ta k e  p la c e ; a n d  also if  coke q u en ch ed  in  th e  u su a l 
way is re h e a te d  in  a  re d u c in g  a tm o sp h e re , th e  
su lp h u r  e x is tin g  in  su lp h a te s  w ill r e v e r t  to  i ts  
o r ig in a l form

H a v in g  seen th e  fo rm s in  w hich  th e  su lp h u r  
e x is ts  in  th e  coke, th e  processes a n d  p ro p o sa ls  fo r 
i ts  rem oval can  be ex am in ed .

Roasting Coke.
As ex p la in ed  above, d u r in g  th e  q u e n ch in g  p ro 

cess th e  su lp h id es  a re  o x id ised  to  su lp h a te s  a n d  
free  su lp h u r , a n d  f if ty  y e a rs  ago  P h i l l ip a r t  p u b 
lished  th e  re su lts  of h is  w ork  on th e  d e su lp h u ris a -  
t io n  o f coke b y  ro a s t in g  in  a ir .  T hese  re su lts ,  in  
th e  l ig h t  o f p re se n t-d a y  know ledge, a re  n o t  of 
g re a t  use. I t  m u s t he  rem em b ered  t h a t  a n y  ro a s t 
ing  process w ill n o t  to u ch  th e  su lp h u r  in  so lid  so lu 
tio n , an d  only  th e  rem o v a l of th e  su lp h id e -su lp h u r  
would be possible.

A. R . Pow ell, o f C hicago, who h a s  d ev o ted  m uch



t im e  to  th e  d e su lp liu risa tio n  o f coke by a ir ,  has 
show n by h is re su lts  t h a t  th e  processes necessary  
a re  n o t easy  of acco m p lish m en t in  p ra c tic a l w ork
ing . Pow ell f irs t d e te rm in e d  th e  best te m p e ra tu re  
fo r th e  o x id a tio n  of th e  fe rro u s  su lp h id e  in  th e  
coke, w ith  th e  le a s t  loss of coke by th e  process, by 
p assin g  a ir  over po w d ered  coke h e a te d  to  c e r ta in  
te m p e ra tu re s  as show n in  T ab le  I .
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T a b l e  I . — Sh o w in g  R e su lt  o f P ow ell’s 
E  x p  e-rim e n t s .

Tem perature. 300° C. 400° C. 500° C. 600° C.

O xidation o i ferrous Slow More Completed Slow ’r than
sulphide quickly in a few at 500° C.

m inutes
Loss of coke N il Practi U nder 1% Appreci

cally  nil- able.

E v id e n tly  500 deg. C. was th e  te m p e ra tu re  
g iv in g  th e  b e s t re su lts . P ow ell’s w ork  also showed 
t h a t  an y  process fo r  th e  rem oval o f su lp h u r m u st 
be a  tw o -stag e  one.

F ir s t ly .— T he o x id a tio n  of th e  fe rro u s  su lp h id e  
in to  su lp h a te  a n d  free  su lp h u r.

S e co n d ly .— T he rem oval o f th e  free  su lp h u r  so 
fo rm ed , w hich h as been abso rbed  on th e  coke su r 
face. F o r  th e  second s ta g e  of th e  process he tr ie d  
th re e  d iffe re n t m e th o d s: —

V a c u u m .— A p p ly in g  a  vacu u m  to  th e  h e a ted  
coke d u r in g  th e  ro a s tin g  pe rio d . L it t le  o r  no 
su lp h u r  is e x tra c te d  fro m  th e  coke by th is  m ethod .

H ig h e r  Tem pera ture .-—R a is in g  th e  te m p e ra tu re  
h ad  l i t t le  ad d ed  effect in  th e  e lim in a tio n  of free  
su lp h u r. The in d u s tr ia l  ob jec tio n  to  th e  m ethod  
is th e  r e h e a tin g  of th e  coke m ass to  a te m p e ra tu re  
h ig h er th a n  t h a t  necessary  fo r  th e  f irs t process.

F u r th e r  or Seco n d a ry  R o a s tin g .— B y p assin g  a ir  
th ro u g h  th e  coke beyond th e  p o in t  w here  th e  su l
p h id es h a v e  been  oxid ised  to  f re e  su lp h u r  th e re  is 
some ad d ed  e lim in a tio n  of f re e  su lp h u r. T he 
ob jec tion  is th e  excessive fo rm a tio n  of su lp h a te s  
in  th e  coke.

H e  concludes t h a t  th e  in d u s tr ia l  e lim in a tio n  of 
su lp h u r  fro m  coke by a ir  is n o t p rac ticab le , due 
to  th e  te n a c ity  w ith  which th e  free  su lp h u r is held 
by th e  coke.
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Admission of Air during Carbonisation.
C am pbell in  1917 show ed t h a t  th e  su lp h u r  con

te n t  o f coke m ad e  in  beeh iv e  ovens w as n o t  less 
th a n  t h a t  of coke m ad e  in  b y -p ro d u c t ovens, as 
m ig h t be  th o u g h t  fro m  th e  fo rm a tio n  o f su lp h u r  
d io x id e , d u e  to  a ir  a d m it te d  to  th e  oven in  th e  
b eeh ive  process.

A w r i te r  in  th e  “  G as W o rld  ”  la s t  y e a r , 
re fe r r in g  to  C am p b e ll’s w rit in g s , p ro p o sed  th e  
a d d itio n  of a  sm all a m o u n t of co llo idal s ilic ic  acid  
to  th e  coal b e fo re  cok in g  as a  m ean s o f  lo w erin g  
th e  su lp h u r  c o n te n t. ' T he coal ash  is b asic  in  
c h a ra c te r , an d , as C am pbell re m a rk e d , t h a t  th e  
su lp h u r  from  th e  su lp h a te s  in  th e  coal is  n o t  
d riv en  off d u r in g  cok ing , an d , w ith  a basic  ash , a 
lo w -su lp h u r c o n te n t  is  im possib le .

Quenching with Water.
O n q u en ch in g  th e  coke w ith  w a te r  a t  th e  e x p ira 

t io n  o f th e  co k in g  p e r io d  a  v e ry  sm all a m o u n t o f 
su lp h u r  is d r iv en  off in  t h e  fo rm  o f s u lp h u re tte d  
h y d ro g en  (H 2S ) .

T he effect is o n ly  s lig h t, d u e  to  th e  ra p id  
decrease  in  te m p e ra tu re  of th e  coke, th e  co n d i
t io n s  b e in g  th e  re v erse  to  th o se  re q u ire d  fo r  th e  
ra p id  ev o lu tio n  o f s u lp h u re tte d  h y d ro g e n . T he 
coo ling  o f th e  coke a t  a ll t im e s  m u s t  be  d one  
q u ick ly , a n d  th e  decom position  o f o rg a n ic  su lp h u r  
to  fo rm  s u lp h u re tte d  h y d ro g en  ta k e s  p lace  only 
s lig h tly  below  500 deg. C.

P o ssib ly  f u r th e r  in v e s tig a tio n  in to  th e  q u e n ch 
in g  of coke  m ay  lead  to  im p ro v ed  re su lts .  T he 
above p h e n o m en a  leads u s to  co n sid er th e  e ffect 
of s team  an d  h y d ro g en  on th e  e lim in a tio n  of 
su lp h u r .

Elimination of Sulphur by Steam.
T he d e su lp h u ris in g  ac tio n  of s te am  re q u ire s  a 

h ig h  te m p e ra tu re  fo r  th e  n ecessa ry  r e a c tio n  to  
ta k e  p lace , an d , u n d e r  such c irc u m stan c es , w a te r  
gas is fo rm ed , re su l tin g  in  a lo w erin g  of th e  te m 
p e r a tu r e  o f th e  coke. T h is  m ean s a lso a con
sid e rab le  loss o f coke, d u e  to  th e  c a rb o n  in  th e  
w a te r  g as so fo rm ed .

A ny p ro cess  u s in g  steam  as a  d e su lp h u ris in g  
a g e n t  w ill th u s  re q u ire  th e  a d d it io n  o f e x te rn a l  

v h e a t  to  th e  coke u n d e r  t r e a tm e n t  to  k eep  u p  th e  
necessa ry  te m p e ra tu re  fo r  th e  re a c tio n .



T h e  difficulties of k eep in g  a la rg e  m ass of coke 
a t  th e  c o rre c t re ac tio n  te m p e ra tu re , to g e th e r  w ith  
th e  c a p ita l  an d  la b o u r  ch arg e s  on  th e  p la n t ,  w ill 
r e ta rd  p ra c t ic e  w ith  th is  a g en t.

I n  all p ro b a b ili ty  th e  coke-oven m a n a g e r  will 
g iv e  m ore serio u s a t te n tio n  to  th is  q u estio n  as th e  
“  s te a m in g  ”  o f th e  c h a rg e  o f p a r t ia l ly  carbon ised  
coal in  th e  coke oven becom es m ore  com m on, in 
h is e n d ea v o u r to  o b ta in  a  la rg e r  y ie ld  o f by
p ro d u c ts .

U n d e r  such  c o n d itio n s  th e  coke w ill be  t r e a te d  
w ith  s te a m  b efo re  b e in g  ex p elled  from  th e  oven, 
b u t  i t  m u s t be  u n d e rs to o d  t h a t  such t r e a tm e n t  will 
n o t g iv e  a  coke f re e  fro m  su lp h u r.

Investigation into the Question of the Gasification 
of Coke by Steam.

P e x to n  a n d  Cobb ( In s t .  G as. E n g ., 1923) show ed 
th e  im p o ssib ility  of com ple te ly  d e su lp h u ris in g  coke 
u n less p ra c tic a lly  all th e  coke  u n d e r  tr e a tm e n t  
is gasified, b u t  t h a t  m uch  of th e  su lp h id e -su lp h u r 
could  b e  d riv en  off in  th e  e a r ly  s tag es  of gasifica
tio n , e specially  w hen an  excess o f s team  is p re 
sen t. T hey  also re m a rk  t h a t  th e  m ax im um  e x te n t  
to  w hich cokes could  be  d esu lp h u rised  w ith  b u t 
l i t t le  g asification  of th e  coke seem ed to  be governed  
“  w ith in  l im its  ” p r im a r ily  by th e  p ro p o rtio n  of 
su lp h id e -su lp h u r in  th e  m a te ria l.

Elimination of Sulphur by Hydrogen.
M uch a t te n tio n  has been  d evo ted  in A m erica  to  

th e  action , o f hyd ro g en  a n d  coke-oven gas as desul
p h u r is in g  ag en ts . I n  coke-oven gas th e  activ e  
d e su lp h u ris in g  a g e n t  is  hyd ro g en , w hich re ac ts  
w ith  th e  o rg a n ic  su lp h u r  in  th e  coke, an d  a t  high 
te m p e ra tu re s  (1,000 deg. C .) rem oves m ost o f th e  
su lp h u r  w ith o u t a ffec ting  th e  c h a ra c te r  of th e  
ooke. T h e  t im e  o f t r e a tm e n t  by  hyd ro g en  would 
be fa ir ly  long, a n d  th e  p ra c tic a l d ifficulties m any , 
w h e th er th e  coke be  t r e a te d  in  th e  oven or 
a fte rw a rd s .

Som e w ork h a s  been  done in  th is  c o u n try  on  a 
la b o ra to ry  scale by  M onkhouse an d  Cobb (T rans. 
In s t .  G as E n g ., 1922) on  th e  l ib e ra tio n  of n itro g e n  
a n d  su lphuy  from  coal a n d  coke. C okes m ad e  a t  
500, 800 an d  1,100 deg. C., co rresp o n d in g  to  low, 
m edium , and  h ig h  te m p e ra tu re  cokes, w ere iffib-



je c te d  to  th e  a c tio n  of c u r re n ts  of n itro g e n , 
h y d ro g en  a n d  s team  a t  c e r ta in  te m p e ra tu r e  s tag es . 
T he re s u lts  on  th e  h ig h - te m p e ra tu re  coke a re  th o se  
w hich d ire c tly  concern  us, a n d  a re  g iv en  in  T ables 
I I .  an d  I I I .

25G

T a b l e  I I . — In flu e n ce  o f H  on th e  S  C o n te n t  ̂  o f  
H ig h -T e m p e ra tu re  Coke m ade  a t  1,100 deg. C.

Treated  with hydrogen gas 
a t  a tem perature  of

Sulphur obtained as H 2S 
in per cent, of to ta l 

su lphur of coke.

600°C. 1.8
800°C 11.4

1,000*0. 12.1

25.3

S u lp h u r in  Coke 1.30 p e r  cen t.

T able I I I . — In flu en ce  o f  H  a n d  S team , to g e th e r  on  
th e  S  C o n ten t o f  C oke m a d e  a t  1,100 deg . C.

T reated  with hydrogen Sulphur obtained as H 2S
and steam  a t in per cent, of to ta l

a tem perature  of Sulphur of coke.

600 'C. 2.3
800°C. 38.3

1,000°C. 26.6

67.1

T h e  above re su l ts  show t h a t  th e r e  a re  g r e a t  
poss ib ilities  in  th e  u se  of s te am  a n d  h y d ro g e n  fo r  
th e  e lim in a tio n  o f su lp h u r  a t  h ig h  te m p e ra tu re s ,  
b u t  fro m  th e  g ra p h e d  re su lts  (F ig . 1 .) th e  tim e  
ta k e n  to  a t t a in  th e  re su l ts  is long. T h is  f e a tu r e  
coupled  w ith  th e  la rg e  p la n t  fo r  p ra c t ic a l  w o rk in g  
w ill n o t  allow  su ch  a  p rocess to  be  a  fin an c ia l 
success a t  p re se n t.

Treatment of the Coke by Acids.
T h e  t r e a tm e n t  of th e  coke by c e r ta in  m in e ra l 

ac ids w ould  rem ove th e  w hole of th e  su lp h id e - 
su lp h u r , th e  m o st co n v en ien t ac id  fo r  th e  p u rp o se  
b e in g  h y d ro ch lo ric . U n fo r tu n a te ly  th e  co m m erc ia l 
q u a lit ie s  c o n ta in  su lp h u r  in  such a m o u n ts  t h a t  th e



u ltim a te  re s u l t  w ould be n il. A cetic  acid  has 
been found  to  g ive  b e tte r  re su lts  th a n  hydroch loric  
w hich would be beneficia l in  m ore  ways th a n  one, 
as h y d ro ch lo ric  acid , if  ap p lied  to  th e  coke in  th e  
oven, w ould a d d  f u r th e r  tro u b le s  to  th e  coke-oven 
m a n a g e r’s lo t. T h e  acid  t r e a tm e n t  cou ld  also be 
ap p lied  to  th e  coke a f te r  d isch arg e  from , in s tead  
of w hen in , th e  oven, b u t  th e  co st o f p u re  acid  
re n d e rs  th e  process p ro h ib itiv e  a t  p re sen t. U p  to  
th e  p re se n t  t im e  no  sa tis fa c to ry  so lu tio n  to  th e  
p rob lem  o f d e su lp h u risa tio n  of coke h as been 
fo und .

Desulphurisation in Cupola Practice.
A b o u t five y e a rs  ago Y o llenbruck , in . “ S ta h l 

u n d  E is e n ,”  g av e  th e  re su lts  o f h is  p ra c tic a l w ork 
in G e rm an y  on th e  b eh av io u r of su lp h u r  in  th e  
cu po la , an d  describes a  s e t  of e x p e rim e n ts  d ea l
in g  w ith  th e  a b so rp tio n  a n d  rem oval of su lp h u r  
by  th e  d iffe re n t ad d itio n s  o f lim e in  th e  cupola, as 
g iven  in T ab le  IV .

T a b l e  IV .—S u lp h u r  R e d u c tio n  in  th e  Cupola.

Limestone Sulphur Sulphur I ime
additions in content content content

per cent, of the of the of of
weight of coke. cast iron. slag. slag.

% °//o °//o 0//o
0 0.124 — ■ - -
3 0.120 0.057 10.90
6 0.118 0.057 13.04
9 0.111 0.061 14.26

12 0.087 0.062 14.74
15 0.083 0.062 16.15
18 0.084 0.062 16.40
21 0.087 0.062 18.36
24 0.084 0.078 19.15
27 0.088 0.116 23.65

T he cupo la  p ra c tic e  w as u n ifo rm  th ro u g h o u t 
th e  te s ts , a n d  ch arg es 1,650 lbs. of la rg e  coke, 
1,320 lbs. of iro n , an d  99 lbs. o f fine coke w ere 
em ployed. A d d itio n s o f lim e w ere m ade, and 
v a rie d  as g iven  above in  th e  tr ia ls .  The te s ts  
w ere ta k e n  15 m in u te s  a f te r  th e  a p p ea ran c e  of th e  
first m e ta l a t  th e  rece iver, an d  a t  th e  ju n c tio n  of 
th is  a n d  th e  cupola.
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T he o h arg e  h a d  less th a n  0.05 p e r  cen t, of su l- 
p h u r  a t  th e  m ost. T h e  low est su lp h u r  c o n te n t  of 
th© iro n  a f te r  m e ltin g  w as 0.088 p e r  c e n t .,  a n d  o f 
th is , 0.03 p e r  cen t, com es fro m  th e  coke a n d  
c a n n o t be p re v e n te d  by  th e  a d d itio n  of lim e  (F ig s. 
2 a n d  3).

T h e  s lag  is e n ric h ed  w ith  su lp h u r  u p  to  a n  a d d i
t io n  of 27 p e r  c en t, o f li'me, b u t  th e  rem o v a l of 
s u lp h u r  fro m  th e  iro n  ceases w hen  th e  s la g  con
ta in s  14.74 p e r  cen t, o f lim e. F u r th e r  a d d itio n s

F i g . 1.

of lim e a re  useless b eyond  th is  p o in t,  as th e  e x tr a  
lim e only  ta k e s  u p  su lp h u r  fro m  th e  gases le a v in g  
th e  cupola .

V o llen b ru ck  a lso g ives som e re su lts  o f desul- 
p h u r is a tio n  b y  v a ry in g  b la s t  p re ssu re s , a n d  also 
re su lts  as to  th e  e ffect of lim e a n d  m an g an ese  
s ilica tes.

DISCUSSION.
M r . P e l l  sa id  M r. Y o u n g ’s  e x p la n a tio n  w as a  

v ery  good one. ibut p e rh a p s  too  te c h n ic a l f o r  th e  
p u rp o se  o f a fo u n d ry m a n , who w as n o t  co n cern ed  
w ith  th e  p ro d u c tio n  of coke in  t h e  ov en , ex ce p t 
t h a t  if  th e  m ak e rs  oou ld  m a n a g e  to  su p p ly  a ooke 
w ith  a  low su lp h u r  c o n te n t  h is  p ro b lem  w ould be 
sim plified  a n d  h e  w ou ld  g e t  b e t t e r  re su lts .  T h e  
p ra c t ic a l  q u e s tio n  fro m  h is  p o in t  o f  v iew  w as, how 
could h e  d e su lp h u rise  a fu rn a c e  coke w hich  con
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ta in e d  m u ch  su lp h u r. H is  (M r. P e ll’s) own 
ex p erien ce  h a d  heen  t h a t  th e y  som etim es received  
v e ry  p o o r  coke w ith  su lp h u r  f a r  in  excess of 
n o rm a l. W as th e r e  an y  m eans hy  which t h a t  
cou ld  be rem oved  b e fo re  th e  coke w as u sed  in  th e  
cu p o la ?  A t th e  M a n c h este r  m ee tin g  one m em ber 
s ta te d  t h a t  h e  p u t  a  h ig h  su lp h u r  coke in to  th e  
fu rn a c e , h e a te d  i t  u p , th e n  d rew  i t  o u t  o f th e  
fu rn a c e  a n d  q uenched  'w ith  w a te r . I n  t h a t  way 
h e  e lim in a te d  som e of th e  su lp h u r.

A n o th e r  m a t te r  w hich  h a d  b een  a b one  o f con
te n t io n  fo r  som e tim e  was th e  d is t in c t io n  betw een  
tw o  k in d s  o f  coke, on e  f ro m  b eeh ive  ovens, th e  
o th e r  th e  coke p ro d u ced  a f te r  th e  b y -p ro d u c ts  of 
th e  coal h a d  been  ta k e n  o u t. W as th e re  any

F i g . 2.

m a te r ia l  d ifference in  th e  c o n s titu tio n  o f th e  coke 
so f a r  as u se  in  th e  fo u n d ry 'w a s  con cern ed ?  They 
w ere  to ld  t h a t  th e  b y -p ro d u c ts  h ad  a com m ercial 
v a lue . D id  th e  rem oval o f  th em  affect th e  h e a t
in g  p ro p e rtie s , o r  d id  th e  beeh ive  oven p roduce  
a h e a v ie r  w e ig h t of coke?

Impracticability of Vollenbruck’s Work.
M r. J a ck so n , r e fe r r in g  to  th e  ta b le  show ing  th e  

re su lts  o f  V p llen b ru ek ’s e x p e rim e n ts  w ith  th e  
a d d itio n  of lim estone, sa id  he  d id  n o t see t h a t  
th e y  re a lly  served  an y  good p u rp o se  in fo u n d ry  
p ra c tic e . I t  w as q u ite  'rem oved from  th e  g en era l 
p ra c tic e .

M r .  Y o u n g , agreeing, said he had included them 
because he wanted to show that although nothing

K 2



260

h a d  been  accom plished  fro m  th e  p o in t o f view  o f 
d e su lp h u ris a tio n  by  coke-oven m a n a g e rs , a t te m p ts  
h a d  been  m ad e  to  do i t  ‘in  th e  fo u n d ry  its e lf .

A sm all a m o u n t o f  su lp h u r  co u ld  be  e lim in a te d  
by  h e a t in g  coke in  th e  o ven  a n d  q u e n ch in g  w ith  
w a te r ;  i t  w as e q u iv a le n t to  ro a s t in g  o r  h e a t in g  
in  a i r  a n d  q u e n ch in g  w ith  w a te r . I f  a i r  w as 
a d m it te d  in to  th e  fu rn a c e  f o r - h e a t in g  th e  coke 
o v e r th e re  w ould b e  no b en efit.

Beehive and By-Product Coke.
H e  w as n o t  g o in g  to  b e  d ra w n  in to  m a k in g  any  

s ta te m e n t  as to  w h e th e r  th e  beeh iv e  o r  th e  b y 
p ro d u c t o ven  coke w as th e  b e t te r .  I t  w as p u re ly  
a m a t te r  o f  o p in io n  a n d  th e  t r e a tm e n t  o f t h e  coal 
d u r in g  t r e a tm e n t.  B u t  in  th is  c o u n try  th e  
n u m b er o f beeh iv e  ovens w as n o t  in c re a s in g , a n d

F i g . 3 .

th e  b y -p ro d u c t ov en s w ere  in c re a s in g , slow ly a t  
p re se n t, b u t  t h e  r a t e  o f p ro g ress  w ould  becom e 
m ore  ra p id . I n  G e rm an  p ra c t ic e  th e  b eeh ive  oven  
w as p ra c tic a lly  e x tin c t .  To som e e x te n t  i t  
d ep en d ed  o n  w hich  ty p e  w ould b e s t  s u i t  a 
p a r t ic u la r  case.

A p a r t  fro m  th e  q u e s tio n  o f p u r i ty ,  t h e  coke 
s t r u c tu r e  w as a  m a t te r  fo r  c o n s id e ra tio n . A p r o 
cess w hich  le f t  th e  coke to o  h a rd  to  b u rn ,  t h a t  is, 
in co m b u stib le , w ould be  useless. A  p a p e r  re a d  
b e fo re  th e  I r o n  a n d  S te e l I n s t i tu t e  th is  y e a r  by  
M essrs. S u tc liffe  a n d  E v an s  o p e n ed  u p  v e ry  b ig  
po ss ib ilities , a n d  i f  th e i r  s ta te m e n ts  tu r n e d  o u t  
to  be  c o rre c t th e  p re s e n t  id eas o f  th e  c o m b u s ti
b i l i ty  of coke  w ould  h a v e  to  b e  a lte re d  to  som e 
e x te n t .  H i th e r to  t h e  d em an d  h a d  b e en  fo r  a  
ha l'd  q u a li ty  o f  coke w hich  w ould re s is t  a b ra s io n  
a n d  n o t  b re a k  dow n in  th e  fu rn a c e .  O n th e  o th e r  
h a n d , th e y  d id  n o t  w a n t a  coke w hich  w as g o in g  
to  ta k e  a lo t  o f b u rn in g , b ecause  th e  m ore  com-



bustiible i t  w as th e  m ore  th e  h e a t  th a t  was g iven  
off, a n d  a sso c ia ted  w ith  q u ick e r m eltin g . S u tc liffe  
a n d  E v an s  to o k  a n  o rd in a ry  well-w ashed coke, 
g ro u n d  i t  ve ry  finely, p ra c tic a lly  to  pow der, and  
u n d e r  p re ssu re  o f a b o u t 10  to n s  p e r sq. in . com 
p re ssed  i t  •'w ithout a  b in d e r  in to  sm all ov a l blocks. 
I t  w as carb o n ised  in  a n y  h ig h  te m p e ra tu re  p la n t. 
T hey  c la im ed  t h a t  by so d o in g  th ey  e lim in a ted  
som e o f t h e  qu estio n s re g a rd in g  th e  n a tu r a l  s t ru c 
tu re ,  a n d  th e y  o b ta in e d  a  fuel w hich would b u rn  
a f te r  th e  ty p e  of ch arco a l. T h e  p ro p e r ty  o f b u r n 
ing  dep en d ed  to  a g r e a t  e x te n t  upon  th e  in te rn a l  
s tru c tu re .

T h e  C h a ir m a n  s ta te d  t h a t  th e  q u estio n  o f th e  
tw o  k in d s  o f coke w as b ro u g h t  u p  a t  a  re c e n t  M an 
c h es te r  m ee tin g . 'One m em ber who u sed  all so rts  
of coke sa id  he co u ld  n o t find t h a t  th e re  was an y  
d ifference.

M r . Y oung  said the smoke problem would have 
to be dealt with, and probably in tim e it  would 
lead to the use of smokeless fuel. To  a great 
extent that would cut out a great many beehive 
ovens in the future.

M r . P e l l  remarked that his point was that if 
it  was possible to get equally good coke and at the 
same tim e get by-produots which had a commercial 
value, that process should lead to the scrapping of 
the beehive ovens.

M r . Y oung  sa id  on e  cou ld  g e t th e  sam e  chem ical 
co m p o sitio n  o f coke, w h e th er i t  was m ad e  by th e  
beeh ive  p rocess o r  w ith  recovery  o f th e  by 
p ro d u c ts . T h e  d ifference was t h a t  in  th e  on e  
case  th e  b y -p ro d u o ts  h e lp ed  to  su p p ly  th e  h e a t  
fo r c a rb o n isa tio n , in  th e  o th e r  th e y  w ere led  from  
th e  oven, th e  b y -p ro d u c ts  recovered , a n d  th e  gas 
led back  to  th e  ovens. T h e  p ro b a b ilitie s  w ere  th a t  
in  th e  f u tu r e  th e  n ecessity  fo r coal c o n se rv a tio n  
would to  a  g re a t  e x te n t  fo rce  th e  coke-oven people 
to  a d o p t th e  l a t t e r  in th e  in te re s ts  o f n a tio n a l 
econom y. T he chem ica l com position  o f coke m ade 
e ith e r  bv  th e  b eeh ive  o r  recovery  oven w ould be 
a b o u t th e  sam e if  th e  coal w as from  th e  sam e so u rce  
a n d  coked a t  th e  sam e te m p e ra tu re .  T h e  only  re a l 
d ifference  w ould b e  in  th e  physical s t ru c tu re  and  
i ts  sh ap e . T he c o m b u s tib ility  of cokes w ill v a ry , 
d u e  to  th e  d ifferences in p h y sical s tru c tu re .

A v o te  o f  th a n k s  to  M r. Y oung  w as passed  
un an im o u sly .
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Coventry Branch.

FINE LIMITS IN FOUNDRY PRACTICE.

By C. Dicken.
T he fo u n d ry  t r a d e  is one o f th e  o ld es t a n d  is 

o f te n  r e fe r re d  to  as a  t r a d e  t h a t  is n e v e r  le a rn t ,  
as i t  h as so m an y  b ran ch es. T h e re  a re  so m an y  
fa c to rs  to  co n tro l, a n d  w hen  e v e ry th in g  h a s  been  
d o n e  to  en su re  good re su lts , b a tc h es  of c a s tin g s  
m ay  be sc rap p ed . T h e  fo u n d ry  t r a d e  is o n e  in  
w hich th e  h u m an  e le m en t is o f g r e a te r  im p o rta n c e  
th a n  in  th e  m a jo r i ty  o f o th e r  tr a d e s .  W h en  con
s id e rin g  c a s tin g s  p ro d u c ed  y e a rs  ago , m o st 
fo u n d ry m en  w ould  a g re e  t h a t  th e y  w ere  re a lly  
sam ples o f fine c a s tin g s  of all c lasses, b u t  i t  sh o u ld  
be p o in te d  o u t t h a t  in  th o se  days e ffo rts  w ere  
e n tire ly  c e n tre d  u p o n  q u a lity , an d  l i t t l e  co n s id e ra 
t io n  g iv en  to  w e ig h t o r  th ic k n e ss . I f  th e  c a s tin g  
h a d  a good a p p e a ra n c e  a n d  possessed a n  am p le  
th ick n ess  fo r  m ac h in in g  o p e ra tio n s , i t  w as co n 
sid e red  sa tis fa c to ry . M e ta l w as ch ea p  a n d  so 
w e ig h t w as n o t im p o r ta n t,  b u t to -d ay  fo u n d ry m en  
a re  co ncerned  if  th e  c a s tin g  is o n e  h a lf  m illim e tre  
o u t, an d , in  som e cases, i t  is a lm o st a  q u e stio n  of 
a  th o u sa n d th  p a r t  o f a n  inch . T he m o to r in d u s try , 
especially , calls fo r  fine l im its  fo r  i ts  c a s tin g s , a n d  
obviously C o v en try , b e in g  th e  c e n tre  o f  th e  
in d u s try , is re q u ire d  to  m ak e  fine i n t r i c a te  c a s t
ings, a lm ost w orks o f a r t .  T h e  c ra f tsm a n s h ip  of 
th e  fo u n d ry  is u n d o u b ted ly  b e t te r  th a n  a  c e n tu ry  
ago, a n d  i t  is p ro b ab le  t h a t  th e  fo u n d ry m a n  of 
th o se  days w ould  be in ca p ab le  of m ak in g  th e  
sections w hich  so o f te n  occur in  th e  m o to r t r a d e .

Of course, th e  m ach ine  shop too  h a s  to  w o rk  to  
ex trem e ly  fine lim its . M ass p ro d u c tio n , finer 
lim its  an d  low er costs a re  a id ed  by jig s , e tc . T he 
only m eth o d  to  secu re  b e s t re su lts  from  ev ery  p o in t, 
is to  c o n d u c t th e  fo u n d ry  u n d e r  s t r ic t  sc ien tific  
co n tro l. B y th is  is  m e a n t th e  an a ly s is  o f th e  
co m p o n en t p a r ts  of every  p iece of w ork . P ra c tic a l



e x p erien ce  h a s  rev ea led  th e  e x ac t c o n tra c tio n  
a llow ance to  be g iv en  fo r  d iffe ren t alloys. M etals 
m ix ed  s tr ic t ly  to  a n a ly sis  a n d  cas t a t  a d e fin ite  
te m p e ra tu re  by th e  a id  of a  p y ro m e te r, c an n o t fa il  
to  p ro d u ce  c a s tin g s  of th e  m ost in tr ic a te  design  
to  w ith in  th e  v a r ia tio n  of a  5 0 th  p a r t  of an  inch . 
M ou ld in g  a n d  c o rem ak in g  m achines h a v e  been  
in tro d u c ed  in to  th e  fo u n d ry  to  av o id  excessive

2(13

F i g . 1.— T im in g -Case  C o v e r  P a t t e r n .
F ront  .V ie w .

ra p p in g , a n d  y e t i t  is n o t  e ssen tia l fo r all p a t te rn s  
to  be p u t  on m ou ld ing  m ach ines to  o b ta in  good 
re su lts . T h is is u su a lly  decided  by th e  n u m b er of 
cas tin g s  re q u ire d . I n  th e  au to m o b ile  t r a d e  a  
p a t t e rn  is o ften  p ro duced  th e  f irs t t im e  fo r 
ex p erim en ta l pu rp o ses a n d  is a lte re d  from  tim e  to  
tim e  an d  cas tin g s  te s te d  from  d iffe re n t aspects
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u n t i l  i t  is decided  to  u se  th e  im p ro v ed  p a t t e r n  to  
p ro d u ce  a  few  h u n d re d s  a n d  a w a it  re su ^ * ' ,. 
p lace  som e of th e se  p a t te rn s  u p o n  a  m o u ld in g  
m ach in e  in  th e  f irs t in s ta n c e  w ould  m ean  m an y  
a lte ra t io n s  a n d  g r e a t  expense, w hich  w ould  n o t  be 
reco v ered  un less th e  p a t t e r n  w as a d o p te d  
s ta n d a rd .

F xg. 2. T im i n g -C ase  C o v e s  P a t t e r n .
B ack V ie w .

Som etim es d ifficu lties a r is e  from  sa n d , fo r to o  
m uch o r  too  l i t t l e  b in d e r  m ay  be p re se n t, w h ils t 
th e  q u a n ti ty  of m o is tu re  is equally  im p o r ta n t.  A 
m ech an ica l dev ice  h as y e t  to  be  in v e n te d  w hich  
w ill a ss is t th e  fo u n d ry m â n  to  define  th e  p e rc e n ta g e  
of m o is tu re  in  san d . I n  th e  la b o ra to ry  a n d  in  
m ach in e  shops, in s tru m e n ts  a n d  m ec h an ic a l devices 
h a v e  been in tro d u c ed  to  te s t  th e  p ro p e rt ie s  of



m eta ls , sucli as th o se  assoc ia ted  w ith  th e  n am es of 
B rin e ll, K eep , T u rn e r ,  Schore , a n d  other®, ¡but 
su re ly  a  fo r tu n e  aw a its  th e  in v en to r  who w ill a ss is t 
th e  fo u n d ry m an  to  t e s t  th e  h a rd n ess  of a  m ould. 
In  th e  case  of an  in tr ic a te  c y lin d e r m ould  i t  is 
som etim es n ecessary  to  m ix  severa l k in d s  o f sand . 
Som e p a r ts  re q u ire  san d  w ith  a v ery  sm all q u a n ti ty  
of b in d er, an d  in  a n o th e r  p a r t  of th e  m ould  i t  is

F ig . 3.— T iming-Case  C o v e r  C a stin g .
B ack  V ie w .

necessary  to  use  san d  heav ily  m ixed  w ith  b in d er 
an d , a t  th e  sam e tim e , u s in g  m ix tu re s  t h a t  will 
p ro m o te  th e  p e rm e ab ility  of th e  san d  so t h a t  th e  
gases m ay escape  freely  d irec tly  th e  s tream  of m eta l 
reaches th e  sand .

Timing Case Cover.
Some tim e  ago th e  a u th o r  w as req u ested  t o '  

in sp ec t a tim in g -case  cover, th e  p a t te rn  for which
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is show n in  F ig s . 1 a n d  2. T h e  c o m p la in t was 
serious, as a b o u t  25 p e r  cen t, of th e s e  e a s tin g s  
w ere  d is to r te d . A lum in ium  does n o t  d is to r t ,  a n d  
th e  Suggestion  w as m ad e  t h a t  th e y  h a d  been  hi 
w hen h o t  a n d  so becom e d is to r te d . This c a s tin g  
h a d  e leven  m ac h in in g  o p e ra tio n s . ^ t e r  , 
p laced  in  th e  jig , th e  faces w e re  m illed  to  a d e p th  
g au g e , show n a t  No. 1, F ig . 3. T he c a s tin g  is th e n

F i g . 4.— T im i n g -Ca se  C o v e r  C a s t in g . 
F ro n t  V i e w ,

tu rn e d  o v e r a n d  p laced  in to  a n o th e r  j ig ,  a n d  th e  
face  is also  m illed  to  a  d e p th  g a u g e  fro m  th e  face  
( in d ic a te d  a t  N o. 1 in  F ig . 4). T hus, a f te rw a rd s ,  
p h e n  th e  d e p th  g a u g e  is t r ie d  in to  th e  in s id e  of 
th e  face  (see No. 2, F ig . 4) i t  w as fo u n d  to  be 
2 o r 3 m illim e tre s  shallow . T h e re fo re  t h e  ch a in  
c lea ran ce  w as m issing  w hich  caused  th e  c a s tin g  to  
be  scrap . To in v e s tig a te  th e  case th e  p a tte rn s h o p



•267

fo rem an  w as se n t fo r , a n d  th e  p a t t e r n  and  core
boxes w ere  checked  over a n d  w ere  fo u n d  to  be 
co rre c t. T h e  a u th o r  su p erv ised  th e  m ak in g  of a 
se t of cores a n d  also th e  m ould. I t  w as cas t, 
d ressed , a n d  m ach in ed , a n d  fo u n d  to  be co rrec t. 
W hy shou ld  th e re  th e n  be 25 p e r  c en t, w aste?  The 
a u th o r  cam e  to  th e  conclusion t h a t  i t  m u s t be th e  
h u m a n  e lem en t. A  l i t t le  la te r  fro m  his office th e  
a u th o r  h e a rd  w h a t h e  th o u g h t to  be th e  excessive 
ra p p in g  of a ra p p in g  b a r  in  a  p a t te rn .  On 
in v e s tig a tio n , i t  w as n o ticed  t h a t  th e  m ou lder was 
ta lk in g  a n d  th in k in g  l i t t le  of th e  w o rk  he  was 
d o in g , a n d  w as u n d o u b ted ly  rap p in g -ex cess iv e ly . 
T h is w as th e  so lu tion  o f th e  tro u b le . B y excessive

F i g . 5.-— M otor  C r a n k  C a se . B ottom  P a r t .

ra p p in g , th e  p a t te rn  w as k ick in g  from  1 to  2 m m ., 
w ith  th e  re s u l t  t h a t  th e  b o tto m  oore w as la id  on 
i ts  p r in t  (F ig . 2) an d  th e  to p  core ta k in g  
its  b e a r in g  on co re  No. 1, F ig . 3, c au s in g  an  e x tr a  
th ick n ess o f m e ta l on No. 1  face  (F ig . 4). I t  is 
open to  q u estio n  as to  w h e th e r th is  w as th e  b e tte r  
w ay of m ou ld ing  such  a  ca s tin g , b u t  th a t ,  o f course, 
is c o n tro v e rs ia l. T hen , too , i t  m ay be th o u g h t 
t h a t  a m ou ld ing  m ach in e  would have  p re v en ted  th e  
25 p e r  cen t, w aste , b u t th e  n u m b er o rd e red  would 
n o t p e rm it  th e  expense. T h e  ch ie f v iew er or 
m ach ine  shop s u p e r in te n d e n t  can  p o in t o u t  th e  
v a rio u s tro u b le s , b u t  i t  is seldom  possible fo r him  
to  assis t th e  fo u n d ry m an  to  define  th e  re a l cause 

of it.
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Motor Crank Case Troubles.
F ig . 5 i l lu s tra te s  a  b o tto m  m ould  o f a  m o to r 

c ra n k  case, in  w hich  N os. 1, 2, 3, a r e  th e  f la t  p r in ts  
w h e re  th e  cores a re  to  be p laced . T h is c a s tin g  
re q u ire d  12 cores. F ig . 6 i l lu s tra te s  t h e  b o tto m  
p a r t  o f th e  m ou ld  w ith  cores e rec te d  on i t ,  a n d  
F ig . 7 d e p ic ts  th e  ca s tin g . W h en  th e s e  c a s tin g s  
w ere  s e n t  fro m  th e  fo u n d ry  o n e  co u ld  d e fin ite ly  
say  t h a t  th e y  w ere  of th é  h ig h e s t q u a lity . T hey  
pass th ro u g h  24 o p e ra tio n s . A f te r  sev era l o f th e  
o p e ra tio n s  h a d  been  c a r r ie d  o u t, i t  w as fo u n d  t h a t  
th e  flange , in d ic a te d  by  a l in e  in  F ig .  7, w as 2 m m . 
th ic k  in s te a d  o f 5 m m ., as s ta te d  on d ra w in g . 
A f te r  in v e s tig a tio n  i t  w as fo u n d  t h a t  th e  t im in g

F i g . 6 .— M o t o r  C r a n k  C a s e . B o t t o m  P a r t  
o r  M o u l d , w i t h  t h e  C o r e s  i n  P o s i t i o n .

end-core  (No. 3, F ig . 6) w as s ta n d in g  o n  i ts  end  
on  th e  f la t  p r in t  (No. 3, F ig . 5). T h is  w as a 
p a tte rn s h o p  e r ro r ,  as th e  e n d  o f th e  co re  h a d  b u t  
one t a p e r  p u t  in to  th e  corebox to  e n a b le  th e  core  
to  leav e  th e  corebox c le a r . T h is , n o t  b e in g  
allow ed fo r on th e  p r in t  of th e  p a t t e r n  cau sed  th e  
core (No. 3, F ig . 6) to  le a n  o u tw a rd ly , th u s  c au s in g  
th e  flan g e  in d ic a te d  in  F ig . 7 to  be  2 m m . th ic k  
in s tea d  of 5 a f te r  m ach in in g .

A Striking Fork Difficulty.
F ig . 8 i l lu s tra te s  a  s tr ik in g  fo rk , u se d  in  a  g e a r  

box of a  m oto r. I f  th e  i l lu s tra tio n  is rev ersed ,



th e  fo rk  is on  th e  f la t. T h is c a s tin g  passes th ro u g h  
n in e  m ac h in in g  o p e ra tio n s , chiefly d r illin g . T h e  
first o p e ra tio n  ( in d ic a te d  in  F ig . 8) governs m any  
m ore  to  follow. A c tu a lly  th is  c a s tin g  tu r n e d  o u t 
bad ly  a ll over. A f te r  a n  in v e s tig a tio n  i t  w as 
fo u n d  t h a t  th e  j ig  w as m ad e  to  d raw in g . T he 
p a t t e r n  b e in g  m oulded  a s  i llu s tra te d , i t  w as com 
pu lso ry  to  h av e  a  r u n  o f ta p e r  fro m  th e  to p  a rro w  
to  th e  b o tto m  a rro w  (m ark ed  on i l lu s tra tio n ) , so 
t h a t  th e  p a t t e r n  w ould leave  th e  sand . T h is w as 
n o t ta k e n  in to  c o n sid e ra tio n  in  th e  m ak in g  of th e
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F i g . 7.— M otor C r a n k  C a se  C a s t in g .

j ig  on  th e  one h a n d , an d  on  th e  o th e r , th e  ca s tin g  
b e in g  p laced  in  th e  j ig , as i llu s tra te d , th e  b o tto m  
w ould s ta n d  o u t 1  m m . m ore th a n  a t  th e  to p , a n d  
th u s  w hen d rilled  w ould come o u t  th ic k  a n d  th in .  
F u rth e rm o re , th is  o p e ra tio n  b e in g  th e  s ta r t in g  
p o in t fo r  o th e rs  to  follow, cau sed  th e  c a s tin g  to  
t u r n  o u t  a  w aste r.

A few  y ears  ago i t  w as g e n e ra l p ra c tic e  to  m ark  
o u t an y  c a s tin g  o f im p o rta n ce  befo re  m ach in in g . 
T o-day ideas h av e  c h an g ed , a n d  in  o u r m ost u p - 
to -d a te  m ach in e  shops (especially  th o se  la id  o u t for 
m ass p ro d u c tio n ) i t  is considered  necessary  fo r 
cas tin g s  to  be  rece ived  d irec t fro m  th e  fo u n d ry  
d ressin g  shop , a n d  p laced  im m ed ia te ly  in to  th e  j ig  
a n d  to  be  m ach in ed  co rrec tly . I t  is th e  g en era l 
m ach ine  shop  op in ion  t h a t  th e  sm all p e rcen tag e
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o f w aste  cau sed  by a d o p tin g  th is  m eth o d  is fa r 
ch eap er th a n  m a rk in g  ou t. I t  is  re co rd e d  t h a t  
c a s tin g s  3 f t .  6 in . long h a v e  been sc rap p ed  because  
a  p im p le  h as h a p p en e d  to  be j u s t  o n  th e  sp o tt in g  
face . T h e  r e p o r t  w as “  fo u n d ry  s c ra p ,” of co u rse , 
a lth o u g h  i t  cou ld  h a v e  been  av o id ed  h a d  th e  
o p e ra to r  seen  i t  first. C o m p la in ts  a re  som etim es 
rece iv ed  co n ce rn in g  c a s tin g s  t h a t  h a v e  a p p a re n tly  
p ro v ed  c o rre c t u n t i l  th e y  h a v e  re a c h e d  th e  fifth, o r  
s ix th  o p e ra t io n , a n d  i t  h a s  b een  fo u n d  t h a t  th e  f irs t 
o p e ra tio n  cau sed  th e  tro u b le . T he c a s tin g  p e rh a p s  
h as a flange a n d  on th is  flange  i t  h a s  b een  r u n  w ith  
a  sp ra y  ru n n e r .  W h en  d e s ig n in g  th e  j ig ,  th e  
d e s ig n er h a s  fo rg o tte n  th e  ru n n e r  a n d  m ad e  th e  
sp o tt in g  face  r i g h t  o n  th e  ru n n e r ,  o f  co u rse  th e  
c a s tin g  d iffe red  acco rd in g  to  th e  d re ss in g . I n  
m an v  cases, i t  is fo u n d ry  sc rap  m ad e  a t  th e  ex p en se  
o f th e  im p ro v em en ts  o f th e  m ac h in e  shop. I n  th e  
U n ite d  S ta te s  i t  is  th e  g e n e ra l p ra c t ic e  to  m ake  
jig s  fo r t h e  fo u n d ry , s im ila r  to - th o s e  u sed  in  th e

F i g . 8 .— M o t o r  G e a r  B o x  S t r i k i n g  F o r k  
C a s t i n g .

m ach in e  shop so t h a t  each  c a s tin g  m ay  be t r ie d  
in  th e  j ig  be fo re  lea v in g  th e  fo u n d ry .

The Importance of Jig Making.
I f  m ad e  from  d raw in g s, th e  d e s ig n e r is  a p t  to  

p lace  s p o ttin g  faces to  come ju s t  w h ere  th e  jo in ts
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of the casting are. This causes trouble. The 
dresser on the one hand taking a m illim etre off, or 
leaving one on, w ill often cause wasters. I t  is 
always advisable, as far as possible, to avoid spot
ting  from a position made by a loose core. -Tig 
designers would be well advised, if  a t all possible, 
to design their jigs from the actual casting and 
co-operate with the foundry manager.

Water-cooled Cylinder.

F ig . 9 shows a  se t  of cores fo r  a  w a ter-coo led  
c y lin d e r w ith  c ran k c ase  com bined . T hey  a r e  th e  
17 cores used  in  th e  m ak in g  o f t h e  cy lin d e r 
i l lu s tra te d  in  F ig . 10. T he p o s itio n  of th is  
cy lin d e r c ran k case  g ives a  fu ll v iew  o f th e  bores. 
T he e n d  o f th e se  bores s ta n d  a b o u t 2 in . in  le n g th  
above th e  b o tto m  o f th e  c ran k case , so t h a t  th e re  
a re , w hen  m ach in ed , 4 bores w ith  w ebs a b o u t 6 mm  
th ic k  and  s ta n d in g  above th e  c ra n k c a se  a b o u t 2 in . 
in  len g th , ju s t  w ebbed to g e th e r .  I t  is m ost 
im p o r ta n t  t h a t  th e se  cores fit a cc u ra te ly . E v e ry  
core w hen  p laced  in to  t h e  m ou ld  is  g a u g ed , to  
m ake  d o ub ly  su re  t h a t  i t  is in  i ts  e x a c t p o sitio n . 
I f  one o f th e se  cores, say  th e  b a rre l co re , should  
be o u t  o f  p o sitio n  o n e -fif tie th  p a r t  o f a n  in ch  in  
N o. 1 b a rre l, i t  w ould , w hen  m ach in ed , c au se  No. 4 
b a rre l to  be  2 m m . o u t, so  t h a t  i t  w ould  r e s u l t  in  
th e  w alls be in g  8 m m . th ic k  on  o n e  s id e  a n d  4 m m . 
on th e  o th e r ;  th u s , in  th e  en d  r e s u l tin g  in  a 
w a ste r. A n a lte ra t io n  in  a core box o f 0.5 m m . 
has been  know n to  c h an g e  a  w a s te r  in to  a  good 
re su lt.

M an y  y e a rs  ago, on  r e c e ip t  o f a n  o rd e r  fo r  100 
cy lin d e rs  fo r  th e  m o to r r e p a ir  d e p a r tm e n t ,  th e  
a u th o r  se n t fo r th e  p a t t e r n  a n d  a f te r  m ak in g  
in q u ir ie s  he  gav e  in s tru c t io n s  to  a  m o u ld e r, who 
h ad  p rev io u sly  made- th ese  c a s tin g s , a n d  to ld  h im  
to  ex ecu te  th is  o rd e r. I t  w as a s c e r ta in e d  t h a t  
th e re  h a d  p rev io u sly  been a  g re a t  d ea l of tro iib le  
in  th e  m ach in e  shop. A fte r  h a v in g  o n e  m ad e , a n d  
m ark ed  off, i t  w as fo u n d  to  be a  co m p le te  w a s te r. 
U pon  in v e s tig a tio n  i t  w as a sc e r ta in e d  t h a t  th e  
p r in ts  of th e  p a t t e r n  w ere  a few m illim e tre s  la rg e , 
so t h a t  th e  m ou lder could p lace  th e  cores in to  th e  
c e n tre  of th e  p r in t .  W hen  th e  ro u g h  c a s tin g  w as 
cut. u p , of course, th e  th ick n esse s w ere fine and  
r e g u la r , b u t w hen m ach in ed  th e y  w ere  o u t a lto -
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g e th e r . T he p r in ts  w ere  th e n  m ad e  e x ac tly  to  size 
so t h a t  th e  cores shou ld  fit q u ite  t ig h t ly .  A f te r  
th is  a lte ra t io n  th e  p a t t e r n  p ro v ed  to  be w rong . 
F in a lly , 2 m m . h a d  to  be  ta k e n  fro m  one s id e  of 
th e  p a t t e r n  a n d  2 m m . ad d ed  to  th e  o th e r  side . 
A f te r  th is  h a d  been  done th e  p e rc e n ta g e  of good 
cas tin g s  in c reased  by la rg e  n u m b ers . T h e  s lig h te s t 
o v e rs ig h t, such  a s  a  p a r tic le  of sa n d  th e  size of a  
p in ’s h e ad  in  a  bo re , o r  be tw een  a  v a lve , w ill cause  
a  w aste  cy lin d er, y e t is i t  n o t  w o n d e rfu l t h a t  th e se  
c a s tin g s  a f te r  p a ss in g  th ro u g h  29 m a c h in in g  o p e ra 
tio n s  a n d  te s te d  u p  to  80 lbs. w a te r  p re s su re  w ill 
com e o u t  a t  90 p e r  cen t, good re su lts ?  T h e re  is 
no  d o u b t t h a t  a f te r  c o n sid e rin g  th e  c o m p la in ts  
from  th e  m ach in e  shop , a n d  th o ro u g h ly  in v e s ti
g a tin g , a good p e rce n ta g e  of th e  c au se  o f th e  
tro u b le  can  be  t r a c e d  to  th e  fo u n d ry .

I n  th e  m o to r in d u s try  spec ifica tions a re  u su a lly  
fo rw a rd ed  w ith  th e  o rd e r, a n d  t e s t  b a rs  a re  
re q u este d  in  th e  case  of fe rro u s  a n d  n o n -fe rro u s  
m eta ls . So f a r  no  o ne  h a s  b een  successfu l in  p ro 
d u c in g  a  fo rm u la  fo r  c a s tin g  te m p e ra tu r e  to  su i t  
d iffe re n t c a s tin g s ;  as th e  c a s tin g  d iffers in  design  
so does th e  c a s tin g  te m p e ra tu re  need  to  differ, 
especia lly  in  n o n -fe rro u s  cas tin g s .

Cupola Practice.

F ig . 11 d e p ic ts  th e  h a lf-sec tio n  of a  c h a rg e d  
cupola , a n d  is  a n  i l lu s t ra tio n  o f a n  A m erican  
cupo la  ta k e n  from  W e s t’s t e x t  book. T h e  bed  of 
coke shou ld  be  fro m  18 to  24 in . above  th e  tu y e re s , 
a f te r  w h ich  is  th e  m e ltin g  zone. A few  y e a rs  ago, 
h a v in g  c h a rg e  o f  a  class of s tu d e n ts ,  o ne  ev en in g  
th e  a u th o r  w as re q u e s te d  by a  s tu d e n t  to  be  
e n lig h te n e d  c o n ce rn in g  fu rn a c e  tro u b le . T he 
m o u ld ers h a d  fin ished w ork , b u t  t h e  iro n  w as 
u n u su a lly  la te ,  a n d  a  lo n g  t im e  in  com ing  dow n. 
T h e  fo rem an  h a d  in te n d e d  to  c a s t  e a r ly  t h a t  day 
a n d  h a d  g iv en  in s tru c tio n s  fo r  a n  e x tr a  barrovr 
an d  h a lf  o f coke to  be  p u t  in to  t h e  cu p o la , b u t  i t  
is  obvious t h a t  th e  m e ltin g  zone  o f th e  fu rn a c e  is 
d efin ite , a n d  i t  does n o t  m a t te r  how  m u ch  coke  is  
p laced  on above th e  zone, fo r  i t  m u s t  a ll  b u rn  
aw ay , a n d  allow th e  iro n  to  com e in to  t h a t  zone  
b e fo re  i t  is m elted . I t  is n o t  to  be  assum ed  t h a t  
th e  iro n  w ould n o t be  h o t te r ,  b ecau se  th e  e x tr a  
coke ta k in g  so long  to  b u rn  aw ay  allow s th e  m e ta l
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F i g . 11.— H a l f  S e c t io n  o f  
C h a r g e d  C u p o l a .



276

to  g e t v ery  lio t be fo re  re a c h in g  th e  m e ltin g  zone. 
On th e  o th e r  h a n d , if  th e  bed  of coke is n o t  suffi
c ie n tly  h ig h , o r  is  hollow , th e n  th e  p ig - iro n  w ould  
d rop  in  f r o n t  of th e  tu y e re s  a n d  th e  re s u l t  w ould  
be  d isa s tro u s . B u t  th e  m o st im p o r ta n t  p a r t  of 
m e ltin g  is th e  a c c u ra te  t im e  of t h e  m e ltin g  of th e  
ch arg es, a n d  th e  co rrec t a m o u n t o f b la s t. F o r  
in s tan c e , in  tw o ch arg es, th e  s ilicon  c o n te n t  of 
w hich  h a s  been  ta k e n  in  each  case, i t  is well to  co n 
sid e r th e  d iffe re n t b ra n d s  of p ig - iro n  a n d  stee l 
c o n s t itu t in g  i t ,  a n d  y e t i t  is e s se n tia l  t h a t  a ll 
shou ld  be  m elted , no  m o re  a n d  n o  less, a n d  y e t 
th e r e  a re  ch arg es  to  follow. I f  th e se  c h a rg e s  a re  
n o t tim e d  even  to  h a lf  a  m in u te , t h e  t e s t  w ill fa il. 
T he a u th o r  h a s  t im e d  h is  fu rn a c e s  fo r  y e a rs  a n d  
t a k e n  t e s t  b a rs  from  ev ery  c h a rg e  a n d  ru n n e rs  
from  im p o r ta n t  c a s tin g s , such  as au to m o b ile  
cy lin d ers , a n d  y e t  h e  h as n o t e rre d  m o re  th a n
0.002 p e r  c en t.

T his m ethod  is  ju s t  as e sse n tia l fo r  m a lleab le  
iro n  fo u n d ry  a s  fo r g rey , a n d , o f course , th e  t im e  
i t  ta k e s  to  m elt a c h a rg e  is o n ly  le a rn e d  by 
ex p erien ce .

A su ita b le  m ix tu re  fo r  c y lin d e r iro n  is as 
follows :—

■ S ilicon . C w ts.
1.45 p e r  cen t. Scotch   2   2.90
2.74 p e r  c e n t. L in c o ln sh ire    3   8.22

.25 p e r  cen t. S tee l S c ra p  ..........  2   0.50
1.6 p e r  c en t. C y lin d er S c rap  ... 3   4.80

10   16.42

1.642 p e r  c en t. S ilicon.

DISCUSSION.
M e . P l a y e r  re m a rk e d  t h a t  M r .  D 'ieken h a d  to u ch ed  

very  w idely o n  fo u n d ry  p ra c tic e  as c a r r ie d  on  in  
C oven try . H e  h a d  fo u n d  th e  h u m a n  e le m e n t v e ry  
com plex. L a rg e  p e rce n ta g e s  of m ach in e  shop w a s te rs  
w ere v e ry  o f te n  du e  to  th e i r  w a i tin g  u n t i l  a f te r  
la rg e  d e liv e ries  h a d  been m ad e  b e fo re  a n y th in g  
was d one  w ith  th e  cas tin g s. F o u n d r ie s  o f te n  
rece ived  u rg e n t  n o tes  from  th e  m ac h in e  shops 
in t im a t in g  t h a t  th e y  w ere  so m an y  b e h in d  o n  
schedule , an d  t h a t  th e  m ach in es w ere  h e ld  u p , a n d



th e n  th e  fo u n d ry  w orked  too  qu ick ly  a n d  c rea te d  
m ore sc rap . H e  was a f ra id  t h a t  I n s t i tu te  m eet
ings th e re  h a d  l i t t le  in flu en ce  on  th e  pow erfu l 
m en  in  th e  d es ig n in g  office, th e  j ig  an d  tool shops 
a n d  th e  m ach in e  shops. I f  by an y  fo r tu ito u s  
chance  'any re m a rk s  of h is cou ld  reach  th o se  
peop le  w h a t  h e  w ould lik e  to  em p h asise  m ost 
s tro n g ly  w as t h a t  th e re  was no  g re a te r  h a n d ic ap  
p laced  on th e  fo u n d ry  in  re p e t it io n  w ork  th a n  th e  
policy on  th e  p a r t  of th e  m ach in e  shop of n o t 
le t t in g  th e  fo im d ry m an  h a v e  very  early  in fo rm a 
tio n  re la tiv e  to  th e  cas tin g s.

M e . B r o u g h a l l  re m a rk in g  t h a t  h i th e r to  i t  h ad  
been th e  custom  n o t to  d iscuss th e  P re s id e n tia l  
ad d ress , h um orously  observed  t h a t  th is  occasion 
g av e  th e  P re s id e n t  an  o p p o r tu n ity  to  say  a n y th in g  
he fel(t  d isposed w ith o u t fe a r  of be ing  c ritic ised .

As M r. D icken  h a d  in tim a te d  t h a t  he  p re fe r re d  
d iscussion, M e . B r o u g h a l l  sa id  t h a t  he  th o u g h t 
a  b e tte r  t i t l e  fo r th e  P a p e r  would h a v e  been 
“ D efec tiv e  C astin g s  an d  H ow  tq  P a lm  T hem  Off 
on  A n o th e r D e p a r tm e n t.”  T hey  would p robab ly  
h a v e  n o ticed  t h a t  w henever M r. D icken  described 
som e f a u lt  in  th e  c a s tin g  i t  was e ith e r  p u t  down 
to  th e  d esig n er, th e  p a t te rn  shop, th e  m ach ine  
shop, o r  th e  j ig  a n d  tool d ra u g h ts m a n , b u t  i t  
was a p p a re n tly  v e ry  ra re ly  th e  fo u n d ry m a n ’s 
fa u lt .

M e . D i c k e n  : I  b e g  p a r d o n .  I  s h o w e d  s e v e r a l  
c a s t i n g s  o n  t h e  s c r e e n  i l l u s t r a t i n g  d e f e c t s  c o n c e r n 
i n g  t h e  m a c h in e  s h o p ,  p a t t e r n  s h o p ,  j i g  a n d  to o l  
d e s ig n ,  a n d  a ls o  f a u l t s  c o n n e c t e d  w i th  t h e  f o u n d r y .

M r . B e o u g iia l l , c o n tin u in g , sa id  t h a t  as one 
who h a d  to  su p erv ise  b o th  m ach ine  shops an d  
fo u n d ries , he  f e l t  a  s tro n g  sy m p a th y  fo r both  
d e p a rtm e n ts . I f  th e re  w ould be  en co u rag ed  a re a l 
s p i r i t  of co -o p era tio n  be tw een  th e  v a rio u s  d e p a r t 
m en ts , m uch  w astage  could be avo ided , a n d  he  was 
confiden t t h a t  if  th e y  could secu re  such a  d esirab le  
th in g  as a  co -o p era tio n  be tw een  th e  d ra w in g  office, 
p a t t e rn  shop, m ach in e  shop a n d  fo u n d ry , th e  
re su lts  w ould b e  su rp r is in g . In  fa c t, n o  fo u n d ry  
could ru n  sm ooth ly  un less th is  a r ra n g e m e n t 
ex is ted .

As re g a rd s  a c c u ra te  cas tin g s , th ey  know  t h a t  th e  
whole se c re t o f o b ta in in g  th ese  lay  w ith  th e  class 
of p a t te rn  an d  core-box from  which th q y  h ad  to
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w ork. I f  m o u ld ers  a n d  co re-m ak ers w ere  su p p lied  
w ith  good p a tte rn s  a n d  good core-boxes th e r e  shou ld  
be no  d ifficulty  in  w o rk in g  w ith in  fine l im its .

H e  w as r a th e r  so rry  t h a t  M r. D ick en  h a d  
to u ch ed  o n  cu p o la  p ra c t ic e  in  t h e  w ay h e  h a d , 
b ecau se  h e  d isag reed  w ith  m uch  t h a t  M r. D ick en  
h a d  sa id . H ow ever, p e rh a p s  M r. D ic k en  w ould 
g iv e  a  p a p e r  o n  th is  su b je c t  a t - a  l a te r  p e rio d  w hen 
th e  m a t te r  cou ld  be  fu lly  d iscussed .

In  conclusion, M r . B r o u g h a m  c o n g ra tu la te d  th e  
P re s id e n t  on  h is ad d ress , ack n o w led g in g  t h a t  M r. 
D icken  h a d  g iv en  a  lo t  of th o u g h t  to  h is  P a p e r ,

Importance of Gauges.
M r . M o r g a n  W il l ia m s  observed  t h a t  h e  h a d  

of la te  come across sev era l o f th e  d ifficu lties m en 
tio n e d  by M r. D ick en  w hich  could  be t r a c e d  to  
th e  so u rce  in  acco rd an ce  w ith  w h a t  h a d  been sa id . 
I t  was fo u n d  t h a t  th e  m ac h in e  shop w as p a r t ly  
responsib le , an d  h e  h a d  com e to  a  conclusion  w hich  
e n tire ly  su p p o rte d  M r. B ro u g b a ll’s  advocacy  of 
co -o p era tio n  b e tw een  t h e  m ac h in e  shop a n d  th e  
fo u n d ry . G oing th ro u g h  a  m ass-p ro d u c tio n  
m ach in e  shop re ce n tly  h e  re a lised  how  im p o r ta n t  
i t  w as fro m  th e  m ach ine-shop  view  t h a t  c a s tin g s  
should  be as re g u la r  in  d im ensions as possib le, 
because  a  shop w ith  la rg e  q u a n ti t ie s  b e in g  
m ach in ed  in  ro ta t io n  m u s t, to  b e  econom ical a n d  
p ro fitab le  in  p ro d u c tio n , avo id  e v e ry  so u rc e  o f loss 
of tim e . I f  th e r e  w ere  a n y  d im en sio n a l d e fec ts  in  
c a s tin g s  th ey  s t r a ig h t  aw ay  in c reased  th e i r  o ver
h e ad  charg es. M ach in is ts  u n d o u b te d ly  h a d  th e i r  
difficulties, a n d  fo u n d ry m en  shou ld  d o  a ll th e y  
could  to  h e lp  th em . H e  h a d  in  m in d  a  p a r t i c u la r  
c a s tin g  fo r  a  c ran k -c ase  of a p le a su re  c a r . F o r  
th e  f irs t m ach in in g  o p e ra tio n s , o f th e  fo u r  lo ca tin g  
p o in ts  th re e  w ere  fo rm ed  by  cores, a n d  th e  p rev io u s 
d ay  fo u r  c a s tin g s  cam e b ack  o u t  o f  a  la rg e  
n u m b er d e liv e red  w hich rocked  on th e  su p p o r tin g  
p in s. T h ere  w as n o th in g  v e ry  m u ch  w ro n g  w ith  
th e  c a s tin g , b u t  th e y  h ap p en e d  to  know  from  
p rev io u s tro u b le  how th e se  c a s tin g s  w ere  j ig g e d , 
a n d  w h a t  t h e y  a r ra n g e d  fo r  t h e  cores to  b e  s e t  in  
th e  m oulds b y  m ean s o f g au g es . H e  m ig h t  say  
t h a t  th e  in te l l ig e n t  u se  o f g a u g es  h a d  h e lp e d  th em  
a g r e a t  deal in  d ifficu lties o f  t h a t  n a tu r e .  A n o th e r  
case he m en tio n ed  w as a lso a fo u r-cy lin d e r  c ra n k 
case, th is  t im e  fo r a  com m erc ial veh ic le. I t  w as a



p a r tic u la r ly  d ifficult c a s tin g  to  m ake , as th e  cores 
w ere v e ry  h eav y  to  h a n d le , an d  i t  w as as m uch  
as th e  assem bler cou ld  do to  l i f t  o ne  o f th e  m ain  
body cores a n d  p lace  i t  in to  i ts  p r in t  in  th e  
m ould . H ow ever, th e  m a c h in is t  jig g e d  th ese  c a s t
ings fro m  th e  core jo in ts  on  th e  in s id e ; a n d  he 
p o in ted  o u t t h a t  in  o rd e r  to  g e t  such long cas tin g s  
m ach in ed  c o rre c tly  i t  w as o f th e  u tm o s t im p o rt
ance  fo r  th e  cores to  be a cc u ra te ly  p laced . T he 
o n ly  w ay  of overcom ing  th e  d ifficu lty  a p p ea red  
to be f irs t to  check th e  oores w ith  su itab le  gauges 
be fo re  in se r tio n  in to  th e  m oulds, a n d  th e n  to  
check th e  p o sitio n  of th e  cores in  th e  assem bled 
m ould  w ith  f u r th e r  g au g es a n d  tem p la te s . This 
a r ra n g e m e n t en ab led  t h a t  c a s tin g  to  be m ach ined  
c o rre c tly  a n d  p ro v id ed  fo r  d u e  c o n tra c tio n , a n d  
in  t h a t  w ay th e y  h a d  re a lly  been  a b le  to  o v e r
com e m an y  of th e  difficulties w hich seem ed to  be 
in h e re n t  in  fo u n d ry  w ork. O bviously th e  m ach ine  
shops m u s t h a v e  a c c u ra te  cas tin g s to  w ork upon, 
an d  th e re fo re  i t  w as fo r th e  fo u n d ry m en  to  use 
every  in g e n u ity  to  supp ly  th em .

Mil. J u n n  observed t h a t  th e re  was on e  lim it 
w hich M r. D icken  h a d  n o t  to u ch e d  u p o n  in  con
n ec tio n  w ith  m ass p ro d u c tio n . T hey  req u ired  
so u n d  c as tin g s  w hich could  be m ach in ed  as easily  
as possible. I n  th is  re sp e c t th e  fo u n d ry  w as up  
a g a in s t  a  difficult prob lem , especially  in  C oven try , 
w here i t  w as necessary  to  g e t  v ery  sound  bores in 
cy linders o f v a rio u s d esc rip tio n s. I t  w as n o t  an  
easy m a t te r  to  do th is  w ith  so ft iro n , a n d  i t  would 
be a  good th in g  if  t h a t  cou ld  be d riv en  hom e to  
some o f th e  su p e r in te n d e n ts  o f m aoh ine  shops. In  
re fe re n ce  to  th e  m ix tu re  to  w hich  M r. B ro u g h a ll 
h ad  re fe rre d , d id  M r. D icken  m ean  t h a t  he  had  
no difficulty  in  o b ta in in g  from  th ese  cupo la  charges 
a v a r ia tio n  in  silicon c o n te n t of on ly  0.002 p e r 
c e n t?

M r . H o u g h t o n  re m a rk ed  th a t ,  seeing  th e  
c h a ra c te r  of th e  w ork re q u ire d  to -d ay , th ey  could 
n o t o v e rs tre ss  th e  su p erv isio n  an d  c a re  necessary  
fo r th e  p ro d u c tio n  of sound  c a s tin g s . R e fe rr in g  
to  th e  h u m an  e lem en t, he  qu o ted  an  in s tan c e  of 
a  la rg e  c a s tin g  b e in g  m ad e  fo r which th e  m en were 
en g ag ed  severa l h o u rs  in  b u ild in g  th e i r  m oulds. 
On e x am in a tio n  o f th e  cas tin g s, i t  was fo u n d  t h a t  
in each  case th e re  w as a  c rack  in  a t liin  wall,
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w hich w as d iscovered  to  be  d u e  to  ra p p in g  a n d  
th e  te m p e ra tu re  o f th e  m e ta l. T h u s th re e -q u a r te rs  
o f a d ay  w as w asted  fo r  a  sim ple  cau se .

The Author’s Reply.

T h e  P b e s i d e n t , in  re p ly , a d m i t t e d . t h a t  h e  was 
r a th e r  m ore  f o r tu n a te  th a n  som e p eop le , in a sm u c h  
as h e  was o n  th e  sp o t if  a n y th in g  d id  go w rong . 
H ow ever, h e  h a d  s im ila r  e x p erien ces  to  M r. 
P la y e r  in  h a v in g  200 o r  300 c a s tin g s  in  th e  shop 
b e fo re  th e  m en  s ta r te d  m ac h in in g , a n d  w hen  ow ing  
to  d e fec ts  th e r e  w as d e lay . H e  h e a r t i ly  a g re e d  
w ith  M r. B ro u g h a ll  as to  c o -o p e ra tio n  b e tw ee n  
d e p a rtm e n ts , a n d  sa id  i t  w ould c e r ta in ly  m ak e  fo r  
efficiency a n d  econom y. R e g a rd in g  th e  l im it  M r. 
B ro u g h a ll q u o ted , th e y  w ou ld  n o t  o b ta in  t h is  on 
a  cy lin d e r c a s tin g  o r  a  so f t  c a s tin g . M r. 
B ro u g h a ll e x p la in e d  t h a t  i t  w as a  c a r b u r e t to r  
c a s tin g , n o t  f ro m  a m e ta l p a t t e r n ,  b u t  a  
m ah o g an y  p a t t e r n ,  a n d  th o u sa n d s  o f th e m  w ere  
m ade.

M b . D i c k e n , re p ly in g  to  M r. B ro u g h a ll, 
reca lled  t h a t  h e  h a d  show n d if fe re n t s lid es fo r  
d iffe re n t p u rp o s e s : th e  f ir s t  o n e  i l lu s t r a t in g  th e  
h u m an  e le m en t a n d  excessive  r a p p in g , th e  second 
a p a t t e r n  shop  e r ro r ,  th e  t h i r d  a  j ig  a n d  to o l 
d e s ig n  m a t te r ,  t h e  f o u r th  d e a l t  w ith  a cy lin d e r, 
an d  th e n  he  to o k  u p  th e  cu p o la  c h a rg e . Now th is  
p a r t ic u la r  c h a rg e  re p re se n te d  n o th in g  e x c e p t  to  
p o in t o u t  t h a t  d if fe re n t p ig - iro n s  w e n t w ith  th e  
s tee l to  b r in g  u p  th e  c h a rg e . A s to  p ig - iro n  w ith
2.74 silicon  a n d  stee l w ith  0 .50  p e r  c e n t .,  h e  sa id  
t h a t  th e  p ro p o r t io n  re ac h ed  25 p e r  c e n t, o f  s te e l 
in  au to m o b ile  w o rk  fo r  c y lin d e rs , a n d  th e  re su lt  
was t h a t  th e y  o b ta in e d  a good w e a rin g  m a te r ia l ,  
w hich  h a s  to  b e  m ach in ed  w ith  a  m ax im u m  lim it  
of 1.6 p e r  c en t, silicon. T h e  m in im u m  is u n im 
p o r ta n t ,  i t  sh o u ld  be  as low a s  m a c h in in g  will 
allow . R e p ly in g  to  M r. B ro u g h a ll’s n e x t  p o in t 
t h a t  sem i-steel w as to ta l ly  d if fe re n t in  cu p o la  
p ra c t ic e  from  g re y  iro n , M r. D ick en  sa id  i t  was 
so f a r ,  b u t  th e  A m erican s  p u t  s tee l in  a ll th e i r  
c y lin d e rs  fo r  au to m o b iles. F o rd  p u t  in  33 p e r  
c en t. (M r. B ro u g h a ll :  M a c la in  e d u c a te d  h im  u p  to  
th a t . )  M r. D ick en  n e x t  re m a rk e d  t h a t  h e  
a v erag ed  19.10 p e r  cen t. T o u ch in g  o n  sem i-s teel, 18 
y e a rs  ago by  a d d in g  steel bo lt h ead s , say  20 p e r
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cen t. B u t  as to  th e  d ifferences in  th e  silicon con
t e n t  o f th e  m ix tu re  show n, h e  m ig h t p o in t  o u t  
t h a t  p ig -iro n s su ita b le  fo r  au to m o b ile  w ork w ere 
lim ite d  in  n u m b er. H e  h im self believed  in  b len d 
in g , a n d  he h a d  o b ta in e d  good schedule  au tom obile  
cy lin d e rs  ail 1.35 p e r  cen t, silicon day  in  an d  day  
o u t .  H ow ever, su p p o s in g  he  a lte re d  h is  p ig -iron  
a n d  used  a  b ra n d  c o n ta in in g , say , 2 p e r  cen t, of 
silicon, th e  r e s u l ta n t  c a s tin g  would be such th a t  
c a s tin g s  w ould be  as h a rd  to  m ach in e  a t  1.65 pe r 
cen t. T hey  cou ld  use  p ig -iro n  o f th e  sam e analysis 
an d  o b ta in  a  good, u se fu l c a s tin g  a t  1.4 p e r  cen t, 
silicon. (M r. B ro u g h a ll : T h e  p o in t  1 ra is e d  was 
why m ak e  i t  d ifficu lt to  g e t  1 .6  p e r  cen t.) M r. 
D icken  re p lie d  t h a t  h is  reaso n s  fo r  show ing th e  
m ix tu re  w ere  to  i l lu s tra te  th e  d iffe re n t positions 
of p ig -iro n  w hich w as p u t  in to  th e  fu rn a c e  every  
day . T h ere  was a h ig h  silicon m e ta l a n d  a low 
one, a n d  th e  m ix tu re  show ed th e  im p o rta n ce  of 
t im e  in  c h a rg in g . As he  h a d  in d ic a te d , in  th e  
au to m o b ile  t r a d e  th e y  could n o t o b ta in  p ig -iro n , 
ex cep t in  one o r  tw o  b ra n d s , w hich would b r in g  
o u t  silicon a t  1.4 o r  1.3. A c cu ra te  t im in g  of 
charg es, as well as a c c u ra te  m ix in g , w as necessary  
if  o n e  w as to  secu re  re liab le  an d  re g u la r  re su lts , 
an d , o f course, th e  s te e l scrap  should  be p u t  in 
firs t, see ing  t h a t  th e  p ig -iro n  would m elt th e  
m ore  re ad ily . To r e v e r t  to  cy linders , he 
d id  n o t  th in k  i t  possib le to  g e t  au tom obile  
cy lin d e rs  m uch  w ith in  a l im it  o f h a lf  a m illi
m e tre . H e  fu lly  ag reed  w ith  M r. W illiam s’ 
re m a rk s  re la tiv e  to  every  core be in g  p laced  in  the 
m ould  a cc u ra te ly , a n d  every  d e p a r tm e n t re q u ire d  
c a re fu l w atch in g . I t  was so easy  to  g e t \  m illi
m e tre  d ifference  b e tw een  th e  core m ak e r an d  th e  
p a t te rn .  As th e  m ix tu re s  o f san d  d iffered , so d 'd  
th e  r e s u l ta n t  c o n tra c tio n . S an d  cores d iffered  in 
c o n tra c tio n  acco rd in g  to  th e  te m p e ra tu re ,  a n d  
th ey  would c o n tra c t  m ore w ith  o rd in a ry  red  sand . 
R e p ly in g  to  M r. J u d d , h e  m ig h t e x p la in  t h a t  his 
figure  of 0.002 re fe r re d  to  sc rap  from  th e  charges, 
b u t as r e g a rd s  th e  cupola  ch arg es th e  v a r ia tio n  
he h ad  o b ta in e d  was 0 .2  p e r  cen t. S'licon.



Coventry Branch.

TEST BARS.

By Robert Buchanan (Past President).
I n  co n sid erin g  th e  fu n c tio n  o f t e s t  b a rs  o n ly  

th o se  r e la t in g  to  g re y  cast- i ro n  w ill b e  d e a l t  1 
w ith . I n  d o in g  so i t  m ay  b e  p ro f ita b le  to  con
sid e r how f a r  t e s t  b a rs  convey  a n  id ea  o f th e  
s t re n g th  of th e  cas tin g s  to  w hich th e  te s t  b a rs  
belong. I t  used, t o  h e  d o u b ted  in  m an y  cases 
w h e th er te s t  b a rs  w ere  c a s t  fro m  th e  sam e  iro n  
as th e  c a s tin g s , o r  t h e  t e s t  b a rs  sp ec ia lly  t r e a te d  
to  g iv e  b e tte r  re su lts  th a n  th e y  w ould g iv e  o th e r 
wise. H ow ever m u ch  th is  p ra c t ic e  m ay  h av e  
o b ta in e d .in  th e  p a s t, i t  is th o u g h t  w ith  t h e  ad v an ce  
of sc ien tific  iro n fo u n d in g , a n d  a  b e t te r  u n d e r 
s ta n d in g  of th e  fu n c tio n  of th e  v a r io u s  c o n s t itu e n ts  
o f c a s t  iro n , so- f a r  as m y kno w led g e  goes th ese  
p ra c tic e s  h a v e  a lm ost, if  n o t w holly, ceased . E n g i 
n e e rs  h a d  a  v e ry  su sp ic io u s f ra m e  of m in d  as 
re g a rd s  th e  h o n esty  o f t e s t  b a rs . T h e  t im e  h as 
now com e w hen  th e y  m ay  d ism iss th e s e  d o u b tfu l 
th o u g h ts . T he ad v an c e  in  fo u n d ry  k n o w ledge  p e r 
m its  th e  fo u n d ry m an , w ho know s h is  b u sin ess, to  
p ro d u ce  t e s t  b a rs  o f an y  reaso n a b le  s t r e n g th  by 
s tra ig h t ,  h o n e s t m ethods.

O ver tw e n ty  y e a rs  ago- th e  a u th o r  w ro te  an  
a r tic le  fo r  th e  “ E n g in e e r in g  M a g az in e  ”  e n t i t le d  
“  T h e  F a ls e  W itn e ss  o f t h e  T e s t B a r . ”  I n  th is  
a r tic le  i t  w as show n a n d  p ro v ed  t h a t  even  w hen 
o ast fro m  th e  sam e m e ta l as th e  e a s tin g , a n d  w hen  
cas t s e p a ra te ly  from  th e  c a s tin g , t h e  t e s t  b a r  w as 
n o t a  t r u e  in d ic a tio n  of th e  s t r e n g th  o f th e  c a s t 
ing . T his w as especially  th e  case w hen  th e  c a s t 
in g  was m uch  h e a v ie r  in  sec tio n  th a n  th e  t e s t  
b a r . T h is  conclusion  w as a r r iv e d  a t  fro m  te s ts  
m ad e  o n  se p a ra te ly  c a s t- te s t  b a rs  co m p ared  w ith  
b a rs  c a s t so lid ly  on  to  th e  o a s tin g  a n d  th e n  
m ach in ed  off. Som e o f th e  r e s u l ts  o b ta in e d  fro m  
th e  solid ly  cast-on  b a rs  w ere  so low an d  a la rm in g
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t h a t  th ey  w ere n o t p u b lish ed . T he a u th o r  h ad  no 
c u re  by w hich th ese  d ifferences could be  obv iated  
o r i t  w ould h a v e  been g iven . T h e  differences 
be tw een  n o rm al te s t  b a rs  a n d  heavy  sec tions w ill 
p e rs is t  unless th e  t e s t  b a rs  a r e  c a s t  solidly on  to  
th e  c a s tin g  a n d  m ach in ed  off. B y d o ing  so th e re  
w ill b e  som e a la rm in g  re su lts  fo r th e  fo u n d ry m an .

I t  is  p lea s in g  to  n o te  t h a t  th e  I n s t i tu te  of 
B r i tish  F o u n d ry m e n  h a s  a  C o m m ittee  on  Specifi
c a tio n s  fo r  G rey I ro n  (Castings, u n d e r  th e  c h a ir
m an sh ip  o f M r. Jo h n  Shaw , in  w hich an  a tte m p t  
is  m ad e  to  reconcile  th e se  d ifferences by h a v in g  
te s t  b a rs  o f la rg e r  section  w here  cas tin g s  o f w eigh t 
a re  concerned .

T h e  m ain  d ifference  in  s tre n g th  betw een te s t  
b a r  a n d  c a s tin g  un less th e y  a re  o f fa ir ly  equal 
sec tio n , is th e  dev elo p m en t of a  la rg e r  g ra n u la r  
s t ru c tu re  in  th e  slow er cooling  cas tin g . The 
in sp e c tin g  e n g in e e r re q u ire s  good, s tro n g  t e s t  bars, 
a n d  th e  m achine-shop  fo rem an  w a n ts  a c a s tin g  
w hich  will m ach ine  free ly . T h a t  m ean s t h a t  in 
th e  t e s t  b a r  th e  p a r tic le s  of iro n  will be  difficult to  
p a r t ,  a n d  in  th e  c a s tin g  th e  p a r tic le s  w ill be  easy 
to  p a r t .  T h e  se p a ra te ly -c a s t  b a r  p rov ides th ese  
tw o  co n d itio n s o f close s t ru c tu re  in  th e  te s t  b a r  
a n d  open  s t r u c tu r e  in  th e  cas tin g . Of course, 
re fe ren ces a re  m ad e  to  c a s tin g s  of a section  much 
h e av ie r  th a n  th e  t e s t  b a r.

Importance of Grain Size in Test Bar and Castings.
T h ere  is no d o u b t t h a t  g ra in -s iz e  h a s  m ore  

im p o rta n ce  th a n  p u r i ty  of th e  m ix tu re  of iron  
from  a ch em ica l p o in t  of view  w hen s tre n g th  of 
c a s tin g  o r  te s t  b a r  is  a  co n sid era tio n . T h e  ro ta ry  
c a s tin g  o f p ip es an d  o th e r  c a s tin g s  is a p roof 
of th is . In  th e  case o f p ipes m ad e  by th is  process 
th icknesses h a v e  been red u ced  as com pared  w ith  
sa n d -ca s t p ipes a n d  y e t th e  c e n tr ifu g a lly  c a s t p ipes 
a re  s tro n g e r . T h is  re d u c tio n  of th ick n ess and  
in crease  o f s tre n g th  is  sim ply d u e  to  th e  sm alle r 
g ra in -s ize  w hich re su lts  from  th e  m ore  ra p id  
cooling.

M ore  th a n  20 y ea rs  ago th e  a u th o r  c a r r ie d  o u t 
a n u m b er of e x p e rim e n ts  w ith  te s t  b a rs  sep a
ra te ly  c a s t b u t  of v a ry in g  th ick n ess. T h e  te s ts  
w ere m ad e  on tra n s v e rse  te s t  b a rs  2 in . by  1 in . 
to  be  te s te d  a t  3G-in. c en tre . F o u r  plate®, 2 in . 
by f  in . by  42 in . long  w ere cas t a n d  th e n
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m ach in ed  to  \  in . th ic k . F ro m  th e  sam e lad le  
th e  u su a l t e s t  b a r  2 in . by 1 in . by  42 in . long 
was c a s t.  T he fo u r  J - in . p la te s  w ere  c h a in ed  
to g e th e r  a n d  b ro k en  an th e  te s t in g  m ach in e . T hey  
p ro v ed  to  be  40 p e r  cen t, s tro n g e r  th a n  th e  solid  
b a r  c a s t  se p a ra te ly .

A b a r  2 in . by 1 in . w as c a s t  so lid ly  o n  to  a 
h eav y  c a s tin g  a n d  th e n  w as m ach in ed  off. T h a t  
b a r  b roke  tra n sv e rse ly  a t  a p p ro x im a te ly  20 cw ts.

Tensile Test Bars.

Two te n s ile  te s t  b a rs  ru n  fro m  th e  h e a v ie s t  p a r t  
of th e  cas tin g , one n e a r  th e  c a s tin g  a n d  th e  o th e r  
as f a r  aw ay  as w as a v a ila b le . T h e  t e s t  b a r  n e a r  
th e  c a s tin g  b ro k e  a t  5 to n s  p e r  sq. in .  T h e  
o th e r  b ro k e  a t  14 to n s . W h en  a n a ly se d  th e  
p r in c ip a l  d iffe ren ce  b e tw een  th e  tw o  b a rs  w as th e  
com bined  carb o n . T h is w as low est in  th e  w eak 
b a r  as m ig h t  be  ex p ec ted . T h e  slow ly-cooled b a r  
n e x t  th e  c a s tin g  was th e  w eak  b a r .  I n  o th e r  
w ords, i ts  g ra in -s iz e  w as la rg e r  th a n  t h e  o th e r . 
W ith  la rg e  g ra in s , r u p tu r e  re a d ily  ta k e s  p lace  
a lo n g  th e  ju n c tio n  o f th e  g ra in s  o r  c ry s ta ls . 
I n  c a s tin g  a  sh ip ’s p ro p e lle r  sh o u ld  th e  te s t  b a r  
be p u t  on  th e  boss o r  th e  b lad e?

I.B.F. Tentative Specification for Grey Iron Castings.

T his is a  w ell-tim ed  p u b lic a tio n  w ith  w hich  ev ery 
body  should  b e  a c q u a in te d . T h e  n am es o f th e  
m em bers o f C o m m ittee , o f w hom  M r. F .  H . 
H u r re n  is one , a r e  suffic ien t g u a r a n te e  t h a t  th e  
su b je c t h a s  b een  t r e a te d  in  a  c o m p e te n t w ay  by 
a  v e ry  a b le  a n d  e x p erien ced  body  o f fo u n d rv m e n  
a n d  m e ta llu rg is ts . I t  is  n o t  p ro p o sed  t o  rev iew  
in  d e ta il  t h e  whole spec ifica tion . T h e  a g re e m e n t 
to  h a v e  a  ro u n d  b a r  1 .2  in . d ia m e te r  by  21  in . 
long , reco gn ised  as an  I n te r n a t io n a l  A r b i t r a t io n  
B a r , is of im p o rta n ce . I t  is b e t te r  t h a n  h a v in g  te s t  
b a rs  of a ll k in d s . I n  o n e  case  a  t ra n s v e rs e  te s t  
b a r  1-in. sq u a re - te s te d  a t  36-in. c e n tre s , is  b e in g  
used. Such a b a r  is in s tru c t iv e  to  th o se  u s in g  
i t ,  b u t  fo rm s no com p ariso n  w ith  o th e r  te s ts .  I n  
a n o th e r  case  a te n s ile  te s t  w as m ad e  on  a  b a r  \  in .  
d ia . an d  w as ta k e n  as r e p re se n tin g  a  h e av y  c a s t
in g  o f 2 to n s  w eigh t.

T h e  su g g estio n  t h a t  th e  te s t  b a rs  should  h av e
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d iam e te rs  a p p ro x im a tin g  som ew hat to  th e  th ic k 
ness of th e  c a s tin g s  th e y  re p re se n t  is an  im p o r ta n t  
s te p  in  th e  r ig h t  d ire c tio n . T h a t  a  ro u n d  b a r  
w ill g iv e  a  t r u e r  re p re s e n ta t io n  of th e  c a s tin g  
th a n  a  b a r  w ith  c o rn e rs  is d o u b tfu l. I t  is  c e r ta in  
t h a t  a  ro u n d  b a r  w ill h a v e  few er in te rn a l  s tra in s  
th a n  o ne  w hich  is  re c ta n g u la r .  O u g h te rb rid g e  
p ro v ed  m an y  y ears  ago  t h a t  th e  b a rre l lin g  o f r e c t 
a n g u la r  t e s t  b a rs  fo r  a  few  h o u rs  e lim in a ted  th ese  
s t ra in s  a n d  s e n t  u p  th e  t ra n s v e rse  te s ts  by  a 
couple  o f  cw ts. on  b a rs  2 in . by  1 in . T h e  a u th o r  
p ro v ed  t h a t  fo r  h im self b y  fo llow ing  O u g h te r- 
b r id g e ’s adv ice. O ne h a s  to  a d m it  t h a t  all te s t  
b a rs  a re  on ly  a p p ro x im a tio n s  t o  th e  re a l c h a ra c te r  
an d  s t r e n g th  o f th e  ca s tin g . W h e th e r  o ne  app lies 
p h y sica l te s ts — a n a ly tic  te s ts— o r  m icroscopic te s ts , 
ap p lied  to  t e s t  b a rs  a n d  cas tin g s , o n e  c a n  g e t 
n o th in g  ab so lu te , b u t  only  ap p ro x im a te .

T he fu ll d e ta ils  o f th e  p roposed  specification  
hav e  been  p u b lish ed . F o u n d ry m e n  will ag ree  t h a t  
i t  is  a  w o rth y  a t te m p t  to  p u t  th e  c a s tin g  and  
te s tin g  o f t e s t  b a rs  on  a  su re r  fo u n d a tio n . P ro b 
ab ly  th e re  w ill be som e consid erab le  a n x ie ty  
am o n g st fo u n d ry m en  how  th e y  a re  to  p ro d u ce  th e  
th ic k e r  ty p e  o f te s t  b a r  w hen c a s t o n  th e  cas tin g . 
H ow ever, w ith  th e  a d v an ce  in  sc ien tific  iron  
fo u n d in g , th e se  d ifficu lties w ill be successfully 
overcom e.

Grey Iron Castings for Automobiles.
T he a u th o r  h a d  th e  h o n o u r of b e in g  C h a irm a n  of 

th e  S u b-C om m ittee  o f th e  B r i t ish  E n g in e e r in g  
S ta n d a rd s  A ssocia tion  d e a lin g  w ith  t h a t  sub jec t, 
a n d  h a s  p lea su re  in  in tro d u c in g  fo r  discussion th e  
p roposed  spec ifica tion  fo r  d ea lin g  w ith  t h a t  
sub jec t. T he B r i t is h  E n g in e e r in g  S ta n d a rd s  
A ssociation, a n d  th e  a u th o r , p e rso n ally , will 
be  g lad  to  rece ive  c ritic ism  a n d  advice. In  
dea lin g  w ith  th e  re la tio n  o f te s t  b a r  and  c a s tin g , 
one can  g e t  a  n e a re r  a p p ro x im a te  of t e s t  b a r  to  
m oto r c a s tin g  th a n  is  re a d ily  o b ta in a b le  w hen 
cas tin g s  a re  so m uch th ic k e r  in  section  th a n  th e  
b a rs  re p re se n tin g  th em . I t  is p a r tic u la r ly  desired  
to  h av e  view s as to  w h e th er th e  tra n s v e rse  te s t  
b a rs  sh o u ld  b e  I  ip . o r  1 in . sq. T he a u th o r  
fav o u rs  th e  -'-in . sq. b a r  a t  12 -in . c en tre s  as i t  is 
a n e a re r  a p p ro x im a tio n  to  th e  th ick n ess of a 
cy lin d er th fin  is a 1 -in . sq. b a r .



286

PROPOSED SPECIFICATION.

Air-cooled and Jacketed Cylinders for Automobiles and 
Motor Cycles.

T he iro n  to  be  o f B r i t i s h  m a n u fa c tu re .  N o 
h e a t  t r e a tm e n t  to  be g iv en  a f te r  th e  e a s tin g s  a re  
rem oved  fro m  th e  m ould .

T ensile  T es t B a rs .— W ith  ev ery  10 c y lin d e rs  
w hich a re  c a s t th e r e  sh a ll be  th r e e  t e s t  b a rs  c a s t 
|  in . d ia . T h ese  a re  to  be  tu r n e d  dow n to  0.564 in . 
d ia .— eq u a l 1 sq. in . in  sec tio n . To b re a k  a t  n o t 
less th a n  12  to n s  p e r  sq . in .

T ra n sverse  T est B a rs .— Also w ith  each  10 cy lin 
d e rs  th re e  tra n sv e rse  te s t  b a rs  4 in . sq . sha ll be 
c a s t a n d  te s te d  o n  k n ife  edges 12  in . a p a r t ,  a n d  
sha ll su s ta in  a lo ad  o f 400 lbs. a p p lie d  a t  th e  
c en tre , a n d  sh a ll show b efo re  f r a c tu r e  a deflection  
o f n o t  less th a n  0 .12  in .

Iron Castings for Piston and Valve Guides for 
Automobiles and Motor Cycles (B. E. S. A. Specification).

B e a t  T r e a tm e n t .— P is to n s  m ay  be  su b je c ted  to  
h e a t  t r e a tm e n t  a t  a te m p e ra tu r e  n o t  ex ceed in g  
500 deg. C. a f te r  th e y  a re  rem o v ed  fro m  th e  
m ould.

T ensile  T e s t.— A te s t  p iece  c a s t  J  in . d ia . a n d  
tu r n e d  to  0.564 in . d ia .,  e q u a l J  sq. in .,  sha ll 
show a n  u l tim a te  ten s ile  s t r e n g th  o f n o t less th a n  
12  to n s  p e r  sq. in .

T ra n sverse  T e s t.—T h is  is s im ila r  to  t h a t  g iven  
fo r cy lin d ers , t h a t  is, 4 in . sq. b a r , to  b re a k  a t  
n o t less th a n  400 lbs ., a n d  g iv e  a  d e flectio n  of 
n o t less tb a n  0 .12  in.

P ro v is io n  o f T es t B a rs .— W ith  ev ery  100 p is to n s, 
a n d  ev ery  1,000 v a lv e  g u id es , th r e e  te n s ile  te s t  
b a rs  a n d  th re e  tra n s v e rse  te s t  b a rs , 4 in . sq u a re , 
sha ll be  cas t fro m  th e  sam e lad le  e ith e r  in  g reen - 
or d ry -sa n d  acco rd in g  a s  th e  c a s tin g s  a r e  c a s t  
in  g reen - o r  d ry -san d . T h e  t e s t  b a rs  sh a ll be  
c a s t  as an  in te g ra l  p a r t  of th e  c a s tin g s  w hen 
p rac ticab le .

Fly Wheels.
T ensile  T e s ts .— W ith  ev ery  100 flyw heels w hich 

a re  c a s t th re e  te n s ile  t e s t  b a rs  |  in . d ia . a r e  to  
be  p ro v id ed . T hese a re  to  b e  tu r n e d  dow n to  
0.564 in . T he te n s ile  s t r e n g th  n o t to  b e  less th a n  
13 to n s  p e r sq. in .
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T ransverse  T e s i.— T ran sv erse  te s t  b a rs  shall be 
1 -in . sq. te s te d  on knif© edges 12 in . a p a r t ,  and  
sha ll su s ta in  a load  o f n o t  less th a n  24 cw t. ap p lied  
a t  th e  cen tre , a n d  also show befo re  f r a c tu r e  a 
d eflection  o f n o t  less th a n  0.075 in . T he te s t  
b a rs  to  be cas t in g reen - o r  d ry -san d  if  th e  c a s t
ings a re  c a s t  in  g reen - or d ry -san d , a n d  to  be 
in te g ra l  p a r ts  of th e  cas tin g s  w hen p ra c tic a b le .

Analytic Limit.
T h e  o n ly  chem ical lim its,' a n d  th e y  ap p ly  to  all 

th e  c a s tin g s  u n d e r  c o n sid e ra tio n , a re  su lp h u r and  
phosphorus.

T h e  iro n  sha ll c o n ta in  n o t  m ore th a n  0.12 per 
c en t, su lp h u r  an d  .1.20 p e r  cen t, phosphorus.

Testing Machines.
T he a u th o r  is  o f o p in io n  t h a t  in sufficien t a t t e n 

tio n  is g iven  to  te s tin g  m ach in es to  a sc e r ta in  if  
th e y  g iv e  a  c o rre c t r e s u l t  w hen in  use. T h ey  go 
too  lo n g  w ith o u t b e in g  c a lib ra te d , som etim es for 
m any  years . Som e tim e  ago  a  case cam e u n d e r
th e  a u th o r ’s n o tic e  w h ere  re je c tio n  to o k  p lace  of 
v ery  im p o r ta n t  heavy  cas tin g s ow ing  to  th e  fa ilu re  
of th e  te s t  b a rs . O n a d u p lic a te  se t  of b a rs  being  
s e n t  to  a  U n iv e rs ity  th ey  p ro v ed  am ply  stro n g , and  

ij th e  cas tin g s  w ere  accep ted . T his p roved  t h a t  th e
e n g in e e r’s te s tin g  m ach ine  was w rong. Only fo r 
th is  p roof a v e ry  serious loss w ould h av e  accrued  
to  th e  iro n fo u n d er.

T he B r i t ish  E n g in e e r in g  S ta n d a rd s  A ssociation 
an d  th e  a u th o r  pe rso n ally  will be g lad  of co n s tru c 
t iv e  c ritic ism . H e  would sp ec ia lly  d ire c t  a tte n tio n  
to  th e  p roposed  size o f th e  te n s ile  te s t  b a rs  as 
cas t, a n d  th e  d ia m e te r  to  w hich th e y  a re  to  be 
tu rn e d  dow n. Also to  th e  size of th e  resp ec tiv e  
tra n sv e rse  te s t  b a rs  as re la te d  to  th e  cas tin g s th ey
r e p r e s e n t .

DISCUSSION.
Case of Small Foundries.

M e. G. E . R oberts sa id  h e  w ished to  p o in t o u t, 
a t  th e  r is k  o f be in g  ch arg ed  w ith  r id in g  a n  old 
horse, t h a t  th ese  te s t-b a r  analyses a lw ays seem ed 
to  p ress m ore  heav ily  on th e  sm alle r firm s w ho had  
no o rg a n isa tio n  o r fa c ilitie s  fo r m ak in g  such 
te s ts . Y e t th ese  te s ts  a p p ea red  to  becom e m ore 
a n d  m ore  e ssen tia l to  th e  la rg e r  bu y ers  w ith  a
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c o rre sp o n d in g  effect ad v erse  to  th e  sm all fo u n d rie s . 
Now th e re  w ere m an y  firm s who could  deal w ith  
p is to n  cas tin g s  a n d  o th e r  cas tin g s  of a  s im ila r  
c h a ra c te r— h e  w ould n o t  go so fa r  as. to  say  c y lin 
d e r  cas tin g s , w hich  he  looked u p o n  as a  m u ch  m ore 
in t r ic a te  job— who 'by reaso n  of th e  sm allness- of 
th e i r  o u tp u t  in  th e  a g g re g a te  cou ld  h a rd ly  a cq u ire  
fa c ilitie s  w hich w ould  e n su re  t h a t  th e i r  c as tin g s  
should  be  u p  to  th e  re q u ire m e n ts  o f  th e  specifica
tions. A t t h e  sam e t im e  th e r e  w as a  ten d e n cy  
now adays to w a rd s  th e  e lim in a tio n  o f th e  sm a lle r 
fo u n d ry  in  th e  d irec tio n  o f p ro d u c in g  re p e tit io n  
w ork. * F u r th e r ,  w hile  m an y  sm a ll fo u n d r ie s  w ere  
ab le  to  secu re  th e  o u tp u t  by  re a so n  of th e  te s ts  
w hich  w ere  d em an d ed  by firm s to -d ay , th e y  seem ed 
r a th e r  to  be ru le d  o u t  of th e  b ig g e r  jobs, a n d  w ere 
th e re b y  p ressed  in to  jo b b in g  w ork . T h is  was 
obviously  a so m ew hat g ra v e  p o sitio n  fo r  som e of 
th e  sm alle r shops, th o u g h  i t  w ould  c e r ta in ly  te n d  
to  ass is t o th e r  shops w here  m ass p ro d u c tio n  was 
th e  o rd e r. H e  th o u g h t  t h a t  th e  co m m erc ial a sp e c t 
of th e se  chem ical a n d  p h y sical te s ts  'as th e y  affected  
th e  sm all fo u n d rie s  deserved  c o n s id e ra tio n . H ow 
ev er, h is ex p erien ce  h a d  p roved  th e  n ecessity  fo r 
th e  sm alle r shops to  e x p en d , as f a r  as th e y  pos
sib ly  could, a n  a d e q u a te  sum  in  o rd e r  to  o b ta in  
in fo rm a tio n  as to  w h a t  th e y  w ere  a c tu a lly  p ro 
d u c in g , r a th e r  th a n  to  c o n tin u e  th e  m a k in g  of 
cas tin g s, th e  c o n s t itu e n t  e lem en ts  of w hich  th ey  
h a d  no e x a c t know ledge.

Tests thought Reasonable.
M r. G. H . J u d d  en d o rsed  th e  p o in t  m ade  by 

M r. R o b e rts , say in g  t h a t  i t  w as p a r t ic u la r ly  n o tic e 
ab le  w hen firm s w ere  se n d in g  o u t  o rd e rs  to  th e  
fo u n d ry  t h a t  th e y  a lso gave  th e i r  spec ifica tions. 
A nd as M r. B u c h a n a n  p o in te d  o u t;  th e  m a jo r i ty  
s e n t  in  a n a ly tic a l sp ec ifica tions, a n d  he  m u s t  
confess t h a t  h e  h a d  h e a rd  v e ry  l i t t l e  a b o u t  m ech
an ic a l te s ts . H e  a g ree d  t h a t  t h e  p o s itio n  sho u ld  
he  rev ersed , a n d  t h a t  m ech an ica l te s ts  sh o u ld  have  
th e  p re fe re n ce . As g e n e ra lly  in  C o v e n try  th e  
cas tin g s  w ere  m ach in ed  to  p ro d u c e  a  v e ry  sm all 
th ick n ess, i t  w as n ecessary  t h a t  a  fa ir ly  s tro n g  
iro n  should  he  u til ise d . H e  th o u g h t  t h a t  M r. 
B u c h an a n  h a d  been la rg e ly  in s t ru m e n ta l  in  i n t r o 
d u c in g  th is  ¿ -in . sq. sec tio n  bar- a n d  te s t in g  a t
12-in . c en tre s  in  co n nection  w ith  au to m o b ile  w ork,
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a n d  so f a r  a s  h is  ex p erien ce  of th is  class o f ca s tin g  
w en t, he  was con fid en t i t  was on r ig h t  lines. F o r  
m an y  ty p e s  of c a s tin g s  h e  c e r ta in ly  th o u g h t  t h a t  
a n  5-in . sq u a re-sec tio n  b a r  was m uch  m ore  com 
p a ra b le  th a n  o ne  of 1 -in . T he te s t  la id  down 
by th e  B r i tish  E n g in e e r in g  S ta n d a rd s  A ssociation  
of a 400-lb. lo ad  to  th e  b a r  a p p ea red  to- be  re a so n 
ab le , a n d  should  be  a tta in e d  w ith  a n  o rd in a r ily  
good iro n . C ould  M r. B u c h an a n  g iv e  an y  figures 
o f h is  ex p erien ce  o f t e s t  b a rs  o a s t from  th e  sam e 
lad le  in  h o t  iro n  an d  cold iro n ?

M r . F .  H .  IN. L a n e , B . S c . ,  A .I.C ., re m a rk ed  
t h a t  M r B u c h a n a n  a n d  h is  C o m m ittee  seem ed to  
h av e  done th e i r  w ork  v e ry  well, a n d  a s  M r. J u d d  
h a d  sa id , th e  te s ts  p u t  fo rw ard  w ere n o th in g  b u t 
w h a t sh o u ld  be  o b ta in a b le  b y  good w ork  and  
u s in g  good iro n . T he C o m m ittee  h a d  c u t  down 
th e  n u m b er of te s ts  to  a  reaso n ab le  figure, an d  
a lth o u g h  suggestions h a d  been m ad e  t h a t  th ey  
should  h a v e  a m u ltip lic ity  o f te s t  b a rs  to  su i t  
d iffe re n t size cas tin g s, h e  th o u g h t  t h a t  h e re  th e y  
h a d  s tru c k  th e  h a p p y  m edium . In d eed , h e  d id  
n o t see  t h a t  any  serious c ritic ism  could  be offered 
on th e  sub jec t.

M r .  T w i g g e r  considered  t h a t  th e  C o m m ittee  of 
th e  I n s t i tu t e  h ad  b ro u g h t o u t  a  v e ry  f a i r  speci
fication  fo r te s t  b a rs. N o d o u b t th e y  h a d  been 
in c lined  to  c u t  th e  n u m b er dow n a lm ost to  th e  
m in im um , b u t  in  h is o p in io n  on e  m ore a t  lea s t 
m ig h t 'h a v e  been allow ed. M r. B u c h an a n  h ad  
p o in te d  o u t ve ry  e x p lic itly  t h a t  te s t  b a rs  could 
nev er b e  m ore  th a n  a p p ro x im a te  to  th e  s tre n g th  
of th e  c a s tin g  concerned , an d  i t  a id  seem  to  
h im  t h a t  in  u s in g  a 1 .2-in . b a r  fo r a  c a s tin g  which 
was m ain ly  2-in . in  sec tio n  th e y  would g e t  a 
v e ry  m u ch  b e t te r  r e s u l t  th a n  th e y  w ould by 
m ac h in in g  a  t e s t  b a r  o u t  of a ca s tin g . The 
re m a rk s  o f M r. B u ch an an  on  th e  effect o f th e
g ra in -s ize  w ould ibe a p p re c ia te d  by  everybody , b u t 
th e re  was a n o th e r  p o in t w hich  o ccu rred  to  h im  in  
co n nection  w ith  th is  m a tte r .  T h is  was t h a t  in 
c e r ta in  cases i t  m ig h t be  d es irab le  in  o rd e r  to  

I o b ta in  a  v e ry  close g ra in  in  th e i r  m e ta l to  nse
e ith e r  d enseners o r  chills, a n d  in  t h a t  case, if 
th ey  w ere  to  cas t th e  p roposed te s t  b a r  in  sand , 
th ey  c e r ta in ly  would n o t O btain one w hich re p re 
sen ted  th e  s t ru c tu re  o f th e ir  m eta l, because th e ir

L
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d en sen er m eta l would be m u ch  s tro n g e r  th a n  th e  
te s t  b a r .  H e  re g a rd e d  th e  C o m m ittee ’s specifica
tio n  as a n  h o n e st a t te m p t  to  p lace  th e  q u e stio n  of 
te s t  b a rs  on a m uch so u n d e r fo u n d a tio n . A n 
in te re s t in g  p o in t w as th e  effect of te m p e ra tu re .  
I t  w as possible, he  th o u g h t, t h a t  in  c a s tin g  a  t e s t  
b a r , un less th e y  w ere  v e ry  c a re fu l as to  th e  posi
t io n  o f th e  c a s tin g , th e y  m ig h t a c tu a l ly  c a s t  
t h e i r  t e s t  b a r  w ith  a  m uch  cooler m e ta l th a n  th ey  
w ould b e  u s in g  fo r  th e  b u lk  of th e  c a s tin g . R e fe r 
r in g  to  chem ica l spec ifica tions, h e  w ould lik e  to  
know  w h e th er i t  w as p ro p o sed  to  m ak e  a n y  a l t e r a 
t io n  to  th e se  sp ec ifica tio n s in  th e  case  of c a s tin g s  
w hich w ere  su b jec ted  to  a  good d ea l o f  f r ic tio n a l 
w e ar, because he  believed t h a t  com bined carbon  
was th e  ch ief e lem en t affec ted  w'hen a n ti- f r ic t io n a l  
q u a lit ie s  w ere  co n cern ed . H e  w o n d ered  w h e th er 
th e re  was a n y  d esire  on  th e  p a r t  of th e  C b m m ittee  
to  in s is t  on th is  in  c e r ta in  ex cep tio n a l cases. 
( M b .  B u c h a n a n : N o ;  th e re  is no  c la u se  d e a lin g  
w ith  th a t . )

Running the Test Bar.
M b .  M organ asked  w as th e re  a n y  m en tio n  in  th e  

spec ifica tions a b o u t th e  size o f th e  ru n n e r  of th e  
te s t  b a r , a n d  was th e re  a n y  d ire c tio n  as to  te s t  
b a rs  be in g  c a s t  h o rizo n ta lly  o r  v e r tic a lly . I f  v e r
tic a lly , should  any  d e fin ite  head  o f m e ta l be  used , 
because if  c a s t v e r tic a lly  in  d ry  sa n d  w ith , say , 
12  in . o f h ead  of m eta l, th e  d e n s ity  a n d  soundness 
o f th e  b a r  could  be  m o re  eas ily  e ffected  th a n  in 
h o rizo n ta l san d  m oulds.

Chemical Test Conditions.

M r. F . H il l  in q u ire d  w h a t t h e  C o m m ittee  
suggested  fo r  p e rsu a d in g  cu sto m ers to  ad o p t 
th e ir  ideas on th e  su b je c t w h en  specifica
tio n s  w ere s e n t  a long  fo r a chem ica l te s t  r a th e r  
th a n  a m ech an ica l one. H ow  w ere th e y  g o in g  to  
en fo rce  a  m echan ical te s t  if th e i r  cu s to m ers  would 
a o t a ccep t i t .  F u r th e r ,  w hy d id  th e  le c tu re r  
th in k  th a t  a te s t  b a r  m ad e  in  loam  wa§ a r a th e r  
difficult m a t te r  to  deal w ith . H e  h im self should  
h av e  th o u g h t  i t  w as q u ite  a  sim ple  o p e ra tio n .

T he  P r esid en t  (M r. C. D ick en , M .I .M .)  sa id  
th e  in . b a r  r a th e r  a p p ea led  to  h im  in  re g a rd  to  
th e  au to m o b ile  t r a d e ,  an d  he  supposed  M r.



B u ch an an  ag reed  t h a t  i t  should  be c a s t  in d ry  
san d  m oulds. (M r. B u c h an a n  : “  I f  i t  is a  d ry  
san d  c a s tin g .” ). D id  M r. B u c h an a n  th in k  t h a t  a 
|  in . t e s t  b a r  w ith  0 .12  su lp h u r, 1.2  phosphorus 
a n d , say , 2 p e r  cen t, silicon  would come o u t  h a r 
oii th e  m ach in e?  (M r. B u c h a n a n : “ N o .” )

THE AUTHOR’S REPLY.
M r  B uchanan , in  re p ly  to  th e  discussion, 

re m a rk e d  t h a t  as to  th e  squeezing  o f l i t t le  fo u n 
d rie s  to  th e  w all w hich M r. R o b e rts  h a d  m en
tio n ed , i t  was a s in g u la r  th in g  t h a t  i t  was th e  
people  en g ag ed  in  th e  la rg e  fo u n d ries  who a tte n d e d  
th o se  m ee tin g s  a n d  g a th e r in g s  o f a  s im ila r  c h a r
a c te r . T h e  sm all m an  who h a d  n o t th e  re q u ire d  
tech n ica l know ledge a n d  skill was th e  o ne  who 
o u g h t to  a tte n d  th ese  m ee tin g s  m ore  th a n  anyone 
else. M oreover, h is ex p erien ce  o f th e se  g a th e r in g s  
was t h a t  th e  p e rso n al c o n ta c t  of m em bers w as of 
th e  g re a te s t  possible v a lu e , fo r if  a  m an  h ad  a 
d ifficulty  h is b ro th e r  fo u n d ry m en  w ere alw ays 
w illing  a n d  an x io u s to  he lp  h im , an d  th is  q u ite  
a p a r t  from  th e  le c tu re r  who h a p p en e d  to  be 
g iv in g  a  p a p e r . I f  a  m an  was n o t  u p  to  d a te  
th e n  i t  was only a  q u estion  o f t im e  be fo re  th e  
econom ic law  forced  h im  o u t  of th e  business. As 
to  .an a ly tica l spec ifica tions be in g  p re fe r re d  by 
e n g in eers , to  physical te s ts , as m en tio n ed  by M r. 
J u d d , h e  m u s t confess t h a t  h e  was r a th e r  su rp rised  
at. th is , because th ey  p resu m ed  th e  e n g in eer knew 
so m eth in g  a b o u t physical te s ts , w hile in  m any 
cases th e y  d id  n o t know  a ll t h a t  a n  an alysis con
veyed. W hen  th e y  w ere  re a d in g  a n  an alysis th ey  
h a d  to  c o n ju re  u p  a  m e n ta l p ic tu re  o f w h a t ail 
th ese  co m b in a tio n s of e lem en ts  m ea n t in  th e  final 
p ro d u c t, a n d  th e re fo re  h e  re p e a te d  t h a t  i t  was a 
p re su m p tio n  on th e  p a r t  of people  to  p u t  down 
an  an a ly sis  an d  y e t  could  n o t in d ic a te  to  them  
ex ac tly  w h a t was m e a n t by i t .  As re g a rd s  th e  
te m p e ra tu re  o f cas tin g s, th e re  w as no d o u b t b u t 
t h a t  a  h o t-cast te s t  b a r  was s tro n g e r th a n  one 
w hich was c a s t du ll. H e  was som etim es r a th e r  
puzzled  w hy th is  should  be  so, and  h e  was la rge ly  
g u essin g  w hen he s ta te d  t h a t  i t  was p ro b ab ly  
d u e  in  a  g re a t  m easu re  to  th e  co nd ition  of th e  
carbon . In  c a s tin g  cas t iro n  a t  a c e r ta in  te m p e ra 
tu r e  th e  carbon  re ad ily  cam e o u t  of so lu tion , an d

h 2
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m ost o f th e m  w ould h a v e  n o tic e d  th e  k ish , w hich  
was carbon , i t  a lw ays th re w  off w hen  th e  m e ta l 
w as d u ll ; h e  h a d  n e v er seen  i t  do so w hen  th e  
m e ta l w as h o t  ; a n d  th is  f a c t  show ed  t h a t  th e  m e ta l 
w as re a d y  to  g iv e  u p  i ts  c a rb o n  w h en  th e  te m 
p e ra tu re  becam e low er. I t  w as th is  d u lln e ss  w hich 
a p p ea red  to  a ffect th e  s t r u c tu r e  of th e  iro n . H o t 
m e ta l c e r ta in ly  g av e  th em  th e  b e s t re su lts  in  th e  
s t r u c tu r e  o f th e i r  te s t  b a rs  o r  th e i r  c a s tin g s , a n d  
also a fforded  th e  c le an e st te s t .  M r. T w ig g er h a d  
been  in c lin ed  to  c r it ic ise  th e  d ia m e te r  size  o f te s t  
b a rs  m ain ly  2 in . th ic k , b u t  th is  p o in t  b ro u g h t 
th em  b ack  to  th e  d ifficu lty  w hich  h e  h a d  m en 
tio n e d , a n d  w ith  w hich h e  u n d e rs to o d  M r. T w igger 
ag reed . T es t b a rs  a f te r  all w ere  on ly  re la tiv e ly  
c o rre c t, ,  a n d  n o t  ab so lu te ly  so. T hey  w ere  a ll 
seek in g  fo r th e  ab so lu te  in  v a rio u s  d irec tio n s , b u t  
h e  th o u g h t  th e y  w ere  n e v er lik e ly  to  g e t  i t .  H is  
view  w as t h a t  th e  m a in  v a lu e  o f t e s t  b a rs  lay  in  
th e  fa c t  t h a t  i t  in d u ce d  th e m  to  p u t  b e t te r  m e ta l 
in to  th e i r  c a s tin g s  th a n  th e y  o th e rw ise  w ould do.

Use of Denseners.

As to  th e  u se  of d en sen ers , th e y  w ere  only  of 
lim ite d  a p p lic a t io n , a n d  th e y  h a d  s t i l l  to  face  th e  
old d ifficulty  of t h e  slow cooling, h eav y  c a s tin g  a n d  
th e  q u ick e r coo ling  t e s t  b a r .  M r. T w ig g er h a d  
a lso  r e fe r re d  to  h is  q u e ry  in  re sp e c t to  th e  c a s tin g  
o f th e  t e s t  b a r  o n  th e  c a s tin g  itse lf . W h ile  t r u ly  
re p re se n ta t iv e  o f th e  ■ c a s tin g , w h e th e r  th e  re s u lt  
w ould  be  co n d u civ e  to  th e  h a p p in e ss  of t h e  fo u n - 
d ry m a n  w as a n o th e r  m a t te r .  T h ere  w as no  s t ip u 
la t io n  as to  w h e th e r  t e s t  ba.rs sh o u ld  be  c a s t  h o r i 
zo n ta lly  o r  v e r tic a lly . H e  h im self a lw ays c a s t  te s t  
b a rs  o f 42 in . on th e  f la t, w ith  som etim es cu rio u s  
re su lts . Of tw o  b a rs  c a s t  a t  th e  sam e  m om ent 
from  th e  sam e lad le  o n e  b ro k e  a t  36 c w t., a n d  
th e  o th e r  d id  n o t  b re a k  on  a m ac h in e  w hich  was- 
only good fo r  40-cwt. I n  c a s tin g  a  4-in. b a r  he  
saw  no  o b jec tio n  to  c a s tin g  i t  h o r iz o n ta lly . I t  
c e r ta in ly  w as ve ry  m uch  s im p le r t h a n  t r y in g  to  
c a s t i t  on e n d . I n  re g a rd  to  m o u ld in g  t e s t  b a rs  
in  loam  h e  th o u g h t  i t  w as co n sid e ra b ly  m o re  
t ro u b le  to  do so th a n  in  d ry  sa n d , a n d  th e  coo ling  
effect, w h ich  w as re a lly  so u g h t fo r , w o u ld  n o t  b e  
an y  q u ick e r o r  slow er, an d  c e r ta in lv  n o t  so d i r ty  
in  san d  a s  in loam . As to  M r. H i l l ’s o th e r  q u ery
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a b o u t cu sto m ers g iv in g  th em  chem ical specifica
tio n s , he was h o p in g  t h a t  th e  specifications issued 
by th e  B .E .S .A . w ould help to  c o n v ert som e of 
th e se  people , a lth o u g h  h e  w as a f ra id  t h a t  m an y  of 
th em  w ould be so m ew hat p e rs is te n t. H e  m ig h t 
sa y  t h a t  h e  s tu c k  o u t  fo r  a  -1--1 n . b a r  in  au tom obile  
w ork  sim ply  because h e  believed i t  g a v e  a  t r u e r  
re p re se n ta t io n  of th e  c a s tin g s  in  u se  th a n  would 
a h e av ie r  sec tion . H e  w ould now  lik e  to  a sk  th em  
if  th ey  w ere  c a s tin g  a s h ip ’s p ro p e lle r w ould th ey  
p u t  th e  te s t  b a r  o n  th e  boss o r  on  th e  b lade?  
T h a t  b ro u g h t  to  a  c ru x  th e  d ifference be tw een  th e  
effect o f  th e  cooling  p e rio d  on th e  b a r . N e ith e r  
physically  n o r a n a ly tic a lly  would th e y  find th e  
te s t  b a r  on  th e  boss a g ree in g  w ith  th e  te s t  b a r  on 
th e  b lade , w hich b ro u g h t th em  u p  a g a in s t  th e  
fa c t  t h a t  th e y  o b ta in e d  only  a p p ro x im a te  re su lts  
a n d  n o t  ab so lu te  ones a s  be tw een  th e  t e s t  b a r  and  
th e  ca s tin g . I n  re g a rd  to  th e  ex cep tio n a l cases 
m en tio n ed  by  M r. T w igger, th e  specifications le f t  
th e  m a t te r  v e ry  la rg e ly  in  th e  h a n d s  of th e  fo u n 
d ry , a n d  th e  fo u n d ry m an  could w ork  h is te s ts  o u t 
anyw ay  h e  lik ed  so long as h e  k e p t  w ith in  those  
tw o lim its  fo r  su lp h u r  an d  phosphorus.

B efo re  c losing  th e  m ee tin g  M r. B u ch an an  was 
accorded  a v o te  of th a n k s .
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Coventry Branch.

THE PREPARATION AND TESTING OF MOULDING 
AND CORE SANDS.

By E. M. Currie, A.I.Brit.F.
T h ere  h a s  been  w ith in  th e  la s t  th r e e  y e a rs  a 

g r e a t  a m o u n t o f in v e s tig a tio n  c a r r ie d  o u t  o n  th e  
p ro p e rtie s , o ccu rren ces a n d  c h a ra c te r is tic s  of 
m o u ld in g  a n d  co re  san d s, e sp ec ia lly  a r tif ic ia lly -  
b onded  sh a rp  sa n d s  fo r  core  m a k in g , a n d  th e  
a u th o r  does n o t  p ro fess  to  be  ab le  to  a d d  m uch  
m ore in fo rm a tio n  to  t h a t  a lre a d y  p u b lish ed , b u t  
r a th e r  h e  h a s  t r ie d  to  se t  dow n h is  o b se rv a tio n s  
a n d  a  few  re s u lts  in  co n n ec tio n  w ith  t h e  p r e p a r a 
t io n  a n d  te s tin g  of sa n d s , w ith  sp ec ia l re fe re n c e  
to  th o se  u sed  in  th e  iro n  fo u n d ry .

I t  is  r a th e r  u n f o r tu n a te  t h a t  a  g r e a t  m an y  
fo u n d e rs  c a n n o t  y e t  overcom e th e i r  a n tip a th y  to  
a n y  re sea rc h  of th is  n a tu re ,  e sp ec ia lly  c o n sid e rin g  
t h a t  no v e ry  ex p en s iv e  a p p a r a tu s  is  n ecessa ry . 
T h e  im p ro v em en ts  in  th e  r e s u l ta n t  c a s tin g s  m ore  
t h a n  co m p en sa te  fo r an y  s lig h t in co n v en ien ce  th is  
m ay  e n ta il.

A m erica  p a r tic u la r ly  h a s  re a lised  th e  im m ense  
g a in  to  be  d e r iv e d  f ro m  th e  sy s te m a tic  s tu d y  of 
san d , a n d  th e i r  n a tu r a l  re so u rces re q u ire  e x te n 
sive s tu d y  to  p re p a re  th e  b est a v a ila b le  m a te r ia l  
in  th e  m o st econom ic w ay  to  s u i t  p e c u lia r  r e q u ire 
m en ts  of th e  m ass p ro d u c tio n  of th e i r  sp ec ia lised  
fo u n d rie s , b u t  i t  shou ld  be  rem em b ered  t h a t  th e  
re sea rch es  of Bosw ell, H olm es, a n d  o th e rs  in  th is  
c o u n try  h av e  v e ry  m a te r ia lly  in c reased  th e  
in fo rm a tio n  on sa n d s  now  possessed.

The Chemical Aspect of Sand.
R e a lisa tio n  o f t h e  c h a ra c te r is tic s  o f th e  

v a rio u s  c o n s titu e n ts  o f a  sa n d  is  a n  a id  to  o b ta in 
in g  m ax im u m  efficiency fro m  a  p a r t i c u la r  san d  ; 
so t h a t  chem ica l an aly sis, a lth o u g h  n o t  ab so lu te ly
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n ecessary , is o f  im p o rta n ce  w hen s tu d y in g  th e  
p h y sica l p ro p e r t ie s .

S a n d  is th e  re s u lt  o f th e  n a tu ra l  d is in te g ra tio n  
of g ra n ite ,  a n d  consists m o re  o r  less of th re e  d is
t in c t  su b s tan ces :— Q u a rtz , p ra c tic a lly  p u re  silica , 
th e  m a in  c o n s t itu e n t,  w hich  im p a r ts  a q u a lity  of 
re fra c to r in e s s  to  th e  sand .

F eld sp a rs,  w hich  c o n sis t o f co m b in a tio n s ' of 
so d iu m  an d  p o ta ss iu m  ox ides, lim e, m ag n esia , 
to g e th e r  w ith  som e silica  a n d  a lu m in a  ; b u t  these  
in  q u a n ti ty  a re  u n d e s irab le  m a te ria ls , a s  th e y  
re d u ce  th e  h e a t-re s is ta n c e  p ro p e rtie s  of th e  sand

F i g . 1 .— .Se c t io n  T h r o u g h  a H e r b e r t  
C e n t r if u g a l  M i x e r .

by fo rm in g  fu s ib le  slags u n d e r  th e  ac tio n  of th e  
m olten  m eta l.

Clap, re sponsib le  fo r  th e  bond  o f th e  sa n d , con
sis ts  of a  c o m b in a tio n  of a lu m in a  a n d  silica , 
to g e th e r  w ith  h y d ra te d  ox ide  of iro n  and  some 
o rg a n ic  m a t te r .

F o r  iro n , a  m o u ld in g  san d  u su a lly  c o n ta in s  from  
80 to  90 p e r  cen t, silica , 4 to  10 p e r  cen t, a lu m in a , 
0 .5  to  1.5 p e r  c en t, lim e, ap p ro x im a te ly  0.5 p e r  
cen t, m ag n esia , u n d e r  5 p e r  cen t, iro n  ox ide, an d  
th e  a lk a lie s  to g e th e r n o t exceed ing  3 p e r  cen t. F o r  
m ost non  fe rro u s  m e ta ls  th e  san d  m ay  co n ta in  
h ig h e r  p e rc e n ta g e s  o f  iro n  a n d  lim e  w ith o u t d e tr i 
m en t. T he g r e a te r  th e  a m o u n t of silica, th e  m ore 
re f ra c to ry  is th e  san d , b u t  a  san d  w ith  a  h ig h  p e r 
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c en tag e  o f silica , say  over 90 p e r  c en t., is d e fic ien t 
in  n a tu r a l  bond.

T h e  m a in  p a r t  o f th e  b ond  is su p p lied  by  th e  
a lu m in a , th e  q u a n ti ty  of w hich is im p o r ta n t,  as 
a n  excess o f a lu m in a — u n d e r  w hich co n d itio n s  an  
excess o f o rg a n ic  m a t t e r  is a lso lik e ly  to  be  p re 
se n t—te n d s  to  re d u c e  p o ro s ity , a  m ost d e s irab le  
q u a lity  in  sand . I t  is e s se n tia l  also to  n o te  th e  
p e rc e n ta g e  o f i ro n  as iro n  ox ide, a s a lth o u g h  i t  
a id s  th e  bond  by i t s  p ro p e r ty  o f r e ta in in g  
m o is tu re , in  th e  p re sen ce  o f th e  o th e r  e lem en ts , i t  
te n d s  t o  fo rm  a  slag.

The Mechanical Testing of Sand.
M ech an ica l a n a ly sis  is p ro b a b ly  m o re  easily  

in te rp re te d  by th e  p ra c t ic a l  m an , to  w hom  a  k n o w 
ledge o f th e  p ro p o rtio n s  o f th e  g ra in  sizes is  of 
v a lu e  in  c o m p arin g  d iffe re n t q u a li t ie s  of san d . 
T h ere  h a s  been  a  g r e a t  deal o f c o n tro v e rsy  over 
th is  te s t ,  a n d  m an y  w idely  v a r ie d  m eth o d s h a v e  
been p u t  fo rw a rd . B y th is  i t  is m e a n t  t h a t  th e  
p r in c ip le  of th e  m eth o d s is id e n tic a l,  b u t  th e  
p ro ced u re  d iffers. A d is s e r ta t io n  o n  th is  w ould 
occupy to o  m uch  tim e , b u t  i t  is  in te n d e d  to  m en 
tio n  th e  tw o  m a in  m eth o d s, w hich  w ill be 
d e s ig n a ted  as th e  d ry  a n d  w e t m ethods.

I n  th e  l a t t e r  a  w eighed  q u a n t i ty  o f d ry  sa n d  is 
m ech an ica lly  a g ita te d  w ith  w a te r  f o r  som e tim e , 
a n d  th e n  w ashed  th ro u g h  sieves o f 30, 60, 90, 100 
a n d  200 m esh w ith  a j e t  of w a te r . T h e  c o n te n ts  
of each  sieve  is  th e n  d r ie d  a n d  w eighed , a n d  th e  
a m o u n t re ta in e d  on  each  is  g iv en  a s  a  p e rc e n ta g e . 
Th© a lte rn a t iv e  m eth o d  is to  d ry  th e  sa n d  a t  
105 deg. C. fo r  a p p ro x im a te ly  a n  h o u r, a n d  is th e n  
g ra d ed  th ro u g h  th e  sieves u n t i l  no  m o re  w ill p ass  
th ro u g h  each , a n d  th e  p e rc e n ta g e s  re ta in e d  on 
each  is  a g a in  d e te rm in e d .

B y th is  m eth o d  th e  g ra in  size is o b ta in e d  la rg e r  
th a n  i t  re a lly  is, du e  to  th e  c o a tin g  o f t h e  la rg e r  
g ra in s  by  th e  s il t  an d  c lay , i .e .,  th ro u g h  200-m esh 
g ra d e , so t h a t  w h ile  th e r e  is m u ch  to  be sa id  in  
s u p p o r t o f th e  w e t m eth o d  ( in c lu d in g  e lu tr ia t io n ,  
fo r accu racy ), th e re  is n o  n e cess ity  fro m  th e  
fo u n d e r’s p o in t  o f view  to  a d o p t  th e se ' re fin em en ts , 
an d  th e  d ry  m eth o d  w ill y ie ld  a ll th e  in fo rm a tio n  
necessary .

I t  is easy  to  u n d e rs ta n d  t h a t  a  sa n d  o f ro u n d e d
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g ra in s  of u n ifo rm  size is f a r  su p e rio r  to  on e  w hich 
h a s  i ts  p e rm e a b ility  im p a ire d  by  a  la rg e  q u a n ti ty  
o f sm all g ra in s  p a ck ed  in  be tw een  th e  la rg e r  ones, 
a n d  as th e  sm alle r g ra in s  c o n ta in  re la tiv e ly  la rg e r  
p ro p o r tio n s  o f  th e  im p u ritie s—t h a t  is, th e  
a lu m in a , iro n  ox id e , lim e, a n d  th e  a lka lies— i t  will 
b e  seen t h a t  re fra c to r in e s s  is  im p a ired , a n d  is 
l iab le  to  cause  tro u b le  d ue  to  th e  b u rn in g -o n  of 
th e  san d . V iew ed from  th e  m o u ld e rs’ s ta n d p o in t, 
f in e -g ra in ed  sa n d  is p re fe ra b le , as i t  g ives a good 
su rfa ce  fin ish  w hen b e in g  tooled .

Sand Mixing.
I t  is o n ly  w ith in  th e  la s t  fifteen  y ea rs  t h a t  sand- 

m ix in g  a p p a ra tu s  h a s h ad  th e  a tte n tio n  i t

C,B3
iOi£5

F ie .  2 .— T h e  C o h e s iv e  P o w e r  o f  S an d s 
V a r y in g  W a t e r  C o n t e n t .

deserves. A n even d is tr ib u tio n  of a  th in  co a tin g  
of th e  bond  on  th e  san d  g ra in s  is th e  a im  of m ix 
ing , b u t  th e  m echan ical m ean s av a ilab le  fo r  do ing 
th is  in tro d u c e  o th e r  cond itions.

P a n  m ills, once re g a rd e d  as th e  m ost efficient 
m ach ines fo r  m ix ing , have  u n d e rg o n e  m an y  m odi
fications, n o ta b ly  th e  su b s titu tio n  o f a  cogged fo r 
a  p la in  ro lle r. T h is  en su res a  m ore  p e rfe c t b len d 
ing  w ith o u t ex erc is in g  a  c ru sh in g  ac tio n  on th e  
g ra in s , w hich  develops th® ev il of loss o f p e r
m eab ility , a n d  w hich n ecess ita te s  th e  use  o f m ore 
te m p e rin g  a g e n t a n d  a d d itio n a l bond. The gen era l 
e ffect of m illing , as is  well know n, is to  to u g h en  
th e  san d  bv even  d is tr ib u tio n  o f th e  bond, b u t  a 
g re a t  d isa d v a n ta g e  lies in  slowness of o p e ra tio n  ; 
a n d  w h ereas i t  is necessary , in  th e  case of sands
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fo r  s te e l or sy n th e tic  m o u ld in g  sa n d s , i t  c a n  foe d is 
p en sed  w ith  fo r  iro n . W ith  th e  la rg e  q u a n ti t ie s  
of s a n d  d e a l t  w ith  in  iro n  fo u n d rie s , i t  h a s  been  
recogn ised  as necessa ry  to  a d o p t  a m o re  speedy  
a n d  econom ical m ean s o f m ix in g . T o  a t t a in  th is  
o b jec t th e  v a r io u s  ty p es  o f c e n tr ifu g a l  m ix e rs , 
such  as th e  H e r b e r t  c e n tr ifu g a l  m ix e r, show n in  

. F ig . 1 , h a v e  fo u n d  fa v o u r  am o n g s t fo u n d ry m en  
in g e n e ra l.

The Tempering of Sands.

To a  less e x te n t  a re  used  san d  c u tte rs ,  m ec h an i
cal r id d le s  a n d  p a d d le  m ix ers , b u t  th e se  find  p a r 
t ic u la r  r a th e r  th a n  g e n e ra l a p p lic a tio n . W h a t
ev er th e  ty p e  of a p p a ra tu s  u sed , how ever, in  a d d i-

F ig .  3 .— A p p a r a t u s  f o r  T e s t i n g  G r e e n  
B o n d  S t r e n g t h .

t io n  to  th e  th o ro u g h  m ix in g  of a ll th e  in g re d ie n ts , 
new  san d , u sed  floor san d , coal d u s t,  a n d  m a n u re , 
chaff o r  an y  o th e r  m a te r ia ls , i t  is  v e ry  n ecessa ry  
to  te m p e r  th e  m ix  even ly , a n d  o ne  o f th e  e a s ie s t  
a n d  b e s t w ays o f a d d in g  th e  te m p e rin g  a g e n t  is 
by m ean s of a  sp ra y .

U n e q u a l d is tr ib u tio n  of m o is tu re  is a  cau se  of 
w eakness in  a  m ou ld  ev ery  p a r t  o f w 'hich shou ld  
be e q u a lly  s tro n g  to  r e s i s t  c a s tin g  s t r a in s  ; in  th e  
cope especially , w hen  i t  su p p o rts  la rg e  h a n g in g  
bodies o f san d . W e t sp o ts  also do  n o t  p e r m i t  th e  
passag e  o f gases evolved d u r in g  c a s tin g , a n d , as 
is well know n, a re  a f r u i t f u l  c au se  o f scabs a n d  
blowholes. T h u s  i t  w ill b e  seen  t h a t  t h e  m a n n e r  
of a d d itio n  a n d  q u a n ti ty  o f  m o is tu re  in  th e  san d  
m ix tu re  a re  m ost im p o r ta n t.  As sm all a  q u a n ti ty  
o f w a te r  as possib le to  o b ta in  th e  d e s ired  cohesion



299

should  be  used . All ty p e s  of san d  do n o t  re q u ire  
th e  sam e a m o u n t of m o is tu re  to  develop m axim um  
cohesiveness, a n d  th e  c o rre c t am o u n t to  develop 

v th e  fu ll b o n d in g  p o w er of th e  c lay  in  th e  
p a r t ic u la r  san d  in  u se  is  o f  im p o rtan ce .

T he re su lts  of te s ts  on  th r e e  d iffe re n t ty p e s  of 
re d  sands, considered  fro m  th e  p o in t  of view  of 
a lte r in g  th e  m o is tu re  c o n te n t, in d ic a te d  t h a t  th e  
m ax im u m  figu re  is m uch  less th a n  e ach  san d  could 
absorb  w ith o u t  losing  i ts  sh ap e . T h is  is show n 
g ra p h ic a lly  in  F ig . 2 a n d  th e  a p p a ra tu s  used  in  
F ig . 3.

W h en  one considers th e  n u m b er of d iffe ren t 
in g re d ie n ts , a ll in te rd e p e n d e n t, fo rm in g  a  san d  
m ix tu re ,  a n y  on e  of w hich, w ith o u t c a re  in  a d d i
tio n , is a  possib le  cause  of tro u b le , a n d  th e  v a rio u s 
m ix tu re s  t h a t  a  p ro g ressiv e  fo u n d ry  req u ire s , i t  
w ill be  seen t h a t  a d e q u a te  su p e rv isio n  w ith  f re 
q u e n t  check te s ts  is necessa ry  in  th e  san d -m ix in g  
d e p a r tm e n t . T he p re p a ra t io n  o f th e  v a rio u s  m ix 
tu re s  is n o t  an  in ex p e rie n c ed  la b o u re r ’s job . H e 
c a n n o t be  e x p ec ted  to  re a lis e  th e  im p o rta n ce  of 
h is  w ork  a n d  its  r e la tio n  to  th e  fin ished  p ro d u c t.

T ak e  fo r  ex am p le  th e  a d d itio n  o f used  floor sand  
to  th e  m ix tu re . T h is  san d  should  he  reaso n ab ly  
f re e  fro m  sh o t m e ta l, excessive coal d u s t, core o r  
b u r n t  sand , b u t  o f te n  th e  m ix tu re  is m ad e  u p , d ay  
a f te r  day, in  th e  sam e p ro p o rtio n s , w ith  no  re g a rd  
fo r  th e  c o n tin u a l w eak en in g , u n t il  th e  tro u b le  is 
fo rc ib ly  b ro u g h t to  n o tic e  by a n  in c reas in g  scrap  
bill, o f scabbed cas tin g s , d ro p s in  th e  m ould , an d  
excessive p a tc h in g  a n d  n a ilin g  by th e  m ou lder.

A gain , to  th e  o th e r  ex trem e , excess of bond 
o b ta in e d  by th e  u se  of too m u ch  new  san d  re su lts  
in  in creased  f e t t l in g  costs a n d  w aste  o f  new 
m a te ria l,  a lth o u g h  i t  is a d m itte d  t h a t  in  these  
d ay s of r ig id  econom y th is  is less lik e ly  to  occur 
th a n  th e  fo rm er tro u b le . M a in ta in in g  u n ifo rm  
co n d itio n s  fro m  d ay  to  d ay  is th e  sole m ean s of 
p ro d u c in g  f irs t-g ra d e  w ork  w ith  m in im u m  loss. 
T h u s  i t  w ill he  seen t h a t  a  check on d a ily  m ix 
tu re s ,  o r  o n  new  san d , by  a  sim p le  te s t  such  as 
th e  d ro p p in g  te s t ,  is  o f  d is t in c t  v a lu e . ' I f  a t  firs t 
th e  te s t  does n o t  p ro d u ce  s ta r t l in g  re su lts , i t  m u st 
n o t  be  condem ned . T h e  g re a te r  th e  n u m b er of 
re su lts  in te llig e n tly  s tu d ied , th e  m ore  v a lu e  th e  
te s t  becom es
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Sharp Sand and Binders.
A lth o u g h  th e  use  of sh a rp  sa n d  an d  a r tif ic ia l  

b in d e rs  h a s  b een  in  e x is te n ce  f o r  som e tim e , con
flic tin g  re su lts , o b ta in e d  b y  th e  use  o f  th e  v a rio u s  
b in d ers , h a s  caused  m is tru s t,  d u e  to  th e i r  possi
b ili t ie s  a n d  p e c u lia r itie s  n o t b e in g  p ro p e rly  
a p p re c ia te d .

T he class of sa n d  used  fo r th is  ty p e  o f w ork  
d iffers f ro m  th o se  described  p rev io u sly , a s  i t  con 
ta in s  v e ry  l i t t le  o r  n o  n a tu r a l  b o nd , a n d  co n sists  
m ain ly  o f p u re  s ilic a  g ra in s  of fa ir ly  u n ifo rm  size.

F i g . 4 .— A m e r ic a n  T e s t i n g  A r r a n g e m e n t  
f o r  t h e  P e r m e a b i l it y  o f  S a n d s .

I t  is n o t  g e n era lly  reco g n ised  t h a t  th e  a im  sh o u ld  
be to  use  a  m in im u m  q u a n ti ty  of b in d e r , a n d  
un less th e  g ra d e  of san d  is u n ifo rm , c lean , a n d  th e  
g ra in s  ro u n d e d , n o t  on ly  w ill a n  excess o f b in d e r  
b e  n ecessa ry , b u t  th e  p e rm e a b ility  o f th e  co re  w ill 
suffer. S h o re  san d , r iv e r  san d , a n d  p i t  sa n d  fo rm  
th e  av a ilab le  m a te r ia l .  R iv e r  a n d  p i t  sa n d  a re  
liab le  to  inclusions of e a r th y  m a t te r ,  a n d  u su a lly  
have  a  s l ig h t  c lay  bond , w hich  m u s t  be  n e u tra lis e d  
by, sin ce  i t  w ill n o t  com bine w ith , a n  excess of th e  
b in d er.

D u n e  sand , a lth o u g h  a c tu a lly  sea  sa n d , is b e t te r  
t h a n  o rd in a ry  sea  san d , t h e  ac tio n  of th e  w inds 
te n d in g  to  ro u n d  a n d  g ra d e  th e  san d , a n d  to  s e p a 



r a te  som e of th e  shell, w hich is d e tr im e n ta l when 
in  la rg e  q u a n ti t ie s . T h e  decom position  o f th e  
she ll u n d e r  th e  h e a t  o f th e  m o lten  m eta l, fo rm in g  
c a rb o n  d iox ide , to g e th e r  w ith  th e  g as from  th e  
excess b in d e r  necessa ry  to  g ive s t re n g th , over
ta x e s  t h e  p o ro s ity  o f  th e  co re  a n d  re su lts  in  th e  
fo rm a tio n  o f g a s holes. S ea  san d  a lso  co n ta in s 
p a r tic le s  o f  s a l t  in  no  sm all deg ree , a n d  th e  decom 
p o sitio n  of th is  su b s tan ce  d u r in g  d ry in g  causes 
c rac k s  to  a p p e a r , d is to r tin g  th e  fin ished  core.

T h e  n u m b er of d iffe re n t h in d e rs  w hich  have 
m ade  th e i r  a p p e a ra n c e  w ith in  th e  p re se n t  c en tu ry  
is leg ion . O fte n  a  h in d e r  is sold w ith o u t any 
a t te m p t  on  th e  se lle r’s p a r t  to  a ss is t th e  fo u n d ry - 
m an  to  o b ta in  th e  b est re su lts  fro m  th e  b in d e r in  
q u estio n . P ra c tic a l ly  ev ery  b in d e r  on th e  m a rk e t 
can  be classed  u n d e r  o ne  of th r e e  h e a d in g s : — 
(1) O il b in d e r s ; (2) w a te r  so lu b le ; an d  (3) d ry  
b in d ers .

T his c lassifica tion  is a d m itte d ly  c rude, b u t i t  is 
suffic ient to  d e s ig n a te  th e  v a rio u s  ty p es .

T he o il h in d e rs  co m p rise  lin seed , re s in  an d  o th e r 
v eg etab le  oils, a n d  som e fish oils.

T he ch ie f c h a ra c te r is tic  of th e  v eg e tab le  oils is 
th e ir  pow er to  “  d ry  ”  o r  assum e a  g e la tin o u s  fo rm  
u n d e r  th e  ac tio n  of oxygen . T h is pow er is 
e x h ib ite d  in  a  lesser degree  in  th e  fish oils, b u t  
p ra c tic a lly  n o n -e x is te n t in m in e ra l o i ls ; h ence  th e  
in a b il ity  to  u se  th ese  as b in d e rs . Tihe m ain  
ex am p les o f th e  d ry  b in d e rs  a re  re s in  an d  p itc h  
a n d  s im ila r  substan ces , w hich  b in d  by sim ply  m e lt
in g  a n d  flow ing b e tw een  th e  g ra in s . C em en t has 
also b e en  t r ie d ,  b u t  i t s  use is n o t  recom m ended.

R esin  h as a low m eltin g  p o in t, a n d  a t  300 deg. 
C. fo rm s p itc h  a n d  a  gas, m o st pf w hich  passes 
u p  th e  v e n t. O w ing  to  th is  p ro p e rty , re s in  is of 
m ost ■ use  fo r  co rem ak in g  fo r h ig h -co n trac tio n  
m e ta ls  o f  m o d e ra te  m e ltin g  p o in t.  T he w a te r-  
soluble b in d e rs  a re  by  f a r  th e  la rg e s t  class, an d  
co m p rise  m olasses, trea c le , flour, glues a n d  th e  
w aste  p ro d u c ts  from  th e  p a p e r  in d u s try , su lp h ite  
lyes a n d  chem ica l com pound's such  a s  s i l ic a te  o f 
soda. T h e  b in d in g  ac tio n  o f th is  class difliers 
from  t h a t  of oils. I n  th is  case, gum s a r e  form ed 
u p o n  e v a p o ra tio n  of th e  w a te r c o n te n t, w hich  se t 
h a rd  u n d e r  th e  ac tio n  o f h e a t  d u r in g  d ry in g , and , 
if exposed  fo r suffic ient len g th  o f tim e , ohar to  a 
carb o n aceo u s resid u e .
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I t  is im p o r ta n t  to  n o te  t h a t  th e  ch an g e  from  th e  
h a rd e n e d  g u m  to  th e  c h a rre d  m ass is  m uch m ore  
su d d en  in  th e  case of w a ter-so lu b le  b in d e rs  th a n  
w ith  oils, in  w hich th e  o x id ised  o il film  is a lso  
c h a rre d . I t  th e re fo re  follows t h a t  th e  ra n g e  of 
d ry in g  w ith  th e  fo rm e r  h in d e r  m u s t be  g iv en  c loser 
a tte n tio n . O n e  o f th e  ch ief d isa d v a n ta g e s  of 
w a ter-so lu b le  b inder’s is th e i r  te n d e n cy  to  a b so rb  
m o is tu re  if  le f t  in  d am p  p laces. W ith  t h is  c lass

F i g . 5 .— A  B e i t i s h  A p p a k a t u s  f o e  T e s t i n g

THE PEEMEABILITY OF SANDS.

of b in d e r, d ry in g  o f th e  sa n d  p r io r  to  th e  a d m ix 
tu r e  o f th e  b in d e r  is m o re  e sse n tia l  th a n  w ith  oils.

E m u lsifica tio n  o f o ils , u n d o u b ted ly  a n  a id  to  
r a p id  a n d  th o ro u g h  m ix in g , is by no  m ean s  
e ssen tia l, a n d  w h e re  m ean s of d ry in g  th e  
san d  a r e  n o t  re a d ily  av a ilab le , n o  tro u b le  should  
be ex p erien ced  i f  th e  m ix in g  of th e  san d  a n d  o il 
is c a re fu lly  co n tro lled .

Oil Sand>Mixers.
A m uch  b e t te r  re s u lt  is o b ta in e d  by  m ix in g  in 

th e  c o rre c t a m o u n t o f m o is tu re , a n d  th is  c a n  only
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be done a c c u ra te ly  by firs t d ry in g  th e  sa n d . I t  is 
n o t p roposed  to  discuss th e  v a rio u s ty p es of o il 
san d -m ix e rs  on th e  m a rk e t. F o u n d ry  tech n ica l 
jo u rn a ls  h a v e  d esc rip tio n s  a n d  i llu s tra tio n s  of 
th em , b u t  m an y  fa ll f a r  sh o rt of p ro d u c in g  th e  
ideal m ix tu r e ; o n e  in  which m ax im um  cohesion is 
o b ta in e d  w ith  m in im um  q u a n ti ty  of b in d e r  and  
w ith o u t d e tr im e n t to  th e  v e n tin g  p ro p e rtie s . T h is 
c an  only  be accom plished in  a  m ach ine  t h a t ,  'by a 
p re ssin g  an d  ro llin g  a c tio n , sp re ad s  th e  b in d er 
even ly  a n d  th in ly  over th e  san d  g ra in s .

T h e  re q u ire m e n ts  o f d iffe re n t fo u n d rie s  m ak e  it 
d ifficu lt to  lay  dow n a  series of te s ts  t h a t  would be 
o f u se  to  a ll o f  th em , b u t  th e re  a re  one o r tw o  th a t  
every o n e  h as in  com m on. U sually  th e  m oulder 
ta k e s  a  h a n d fu l  o f  sa n d  a n d  ju d g es  by  fee l and  
f r a c tu re ,  b i^t as every  m o u ld er h a s  h is own ideas 
a s  to  w h a t .is co rre c t, i t  f re q u e n tly  h a p p en s  th a t ,  
w hen less obvious w aste rs  occur, th e  san d  is le f t  
o u t  o f c o n sid e ra tio n .

A p a r t  from  an aly sis  an d  th e  d ro p p in g  te s t  p re 
v iously  m en tio n ed , th e  o n ly  o th e r  te s ts  w o rth  con
s id e r in g  in  a  p ra c t ic a l  w ay  an d  which, a lth o u g h  
a ffo rd in g  a  g r e a t  deal o f in fo rm a tio n , do n o t 
occupy m uch tim e , a re  th o se  of th e  tra n sv e rse  te s t  
on a  d r ie d  core  an d  p e rm e ab ility .

Transverse and Permeability Tests for Sand.
T he tra n s v e rse  t e s t  finally  ad o p te d  by th e  a u th o r  

a f te r  m an y  e x p e rim e n ts  w ith  ten s ile  an d  com pres
sion te s ts , is c a r r ie d  o u t  on  a  care fu lly -ram m ed  
core 1 in . sq. by 9  in . long, te s te d  betw een 8-in. 
c e n tre s . A lth o u g h  c r itic ise d  by m any  on accoun t 
o f i ts  size, i t  h a s  been>found to  g ive over a  len g th y  
p e rio d  very  c o n s is te n t re su lts , an d  g ives all th e  
in fo rm a tio n  on  s tr e n g th  necessary  w hen using  
san d  in  th e  d r ie d  s ta te .

A t th e  A m erican  F o u n d ry  m en ’s C onven tion  of 
th is  y e a r  th e  co m m ittee  on m ou ld ing  sa n d  resea rch  
p u t  fo rw a rd  a  s ta n d a rd  a p p a ra tu s  fo r  th e  p e rm ea 
b ili ty  te s t .  I t  m u s t b e  u n d e rs to o d  t h a t  p e rm ea 
b ili ty  is d is t in c t  from  poro sity . B y p o ro sity  is 
m e a n t th e  vo lum e o f a ir  space b e tw een  th e  g ra in s , 
a n d  d ep en d s on  size, sh a p e  a n d  q u a lity , i .e .,  p ro 
p o rtio n  o f q u a r tz  to  c lay  of th e  g ra in s , m o is tu re  
c o n te n t  an d  d e n sity  of ra m m in g . T h is is re la tiv e ly  
u n im p o r ta n t  co m pared  w ith  p e rm e ab ility , by which
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is u n d e rs to o d  th e  p ro p e rty  o f th e  sa n d  re a d ily  to  
p e rm it  th e  p assag e  of g as th ro u g h  th e  co n n ec ted  
p o re  spaces.

T h e  c o n s tru c tio n  of th is  a p p a r a tu s  (F ig . 4) 
m akes i t  a  la b o ra to ry  in s tru m e n t,  a n d , a lth o u g h  
te s tin g  is u su a lly  looked u p o n  as la b o ra to ry  w ork , 
fo r th ose  fo u n d rie s  u n a b le  to  m a in ta in  a d e p a r t 
m e n t of th is  k in d , some m ore  s u b s ta n t ia l  a p p li 
ance is req u ire d . A B r i tish  in s t ru m e n t  h a s  been  
designed  to  w ith s ta n d  ro u g h  usag e , an d  h a s  g iv en  
re liab le  re su lts  on co n secu tive  te s ts , w hich, ̂  i t  
should  (be em phasised , is th e  e sse n tia l f a c to r  w ith  
a n y  te s t .  T h is is i l lu s t r a te d  in  F ig .  5.

A lth o u g h  a sy s te m a tic  in v e s tig a tio n  w ould re 
veal d a ta  su ffic ien t to  offer s ta n d a r d  re su lts  
re q u ire d  fo r  v a r io u s  c lasses o f ' w ork, i t  w ould 
n e ce ss ita te  m uch  t im e  a n d  e x p e rim e n t. O n th e  
o th e r  h a n d , th e  in fo rm a tio n  cou ld  be  co llected  an d  
ex p an d e d  b y  a g ro u p , o r  even fo u n d ry m en  in 
g e n e ra l, an d  th e  u l t im a te  re su lt  w ould  be m ore 
com plete  in  a d d itio n  to  i t s  m u ch  e a s ie r  a p p lic a 
tio n  du e  to  th e  g ro u n d w o rk  b e in g  m ore th o ro u g h ly  
u n d e rsto o d .

A v a ilab le  m eth o d s o f te s tin g  a re  a d m itte d ly  open 
to  im p ro v em en t, b u t  i t  will b e  o n ly  by  co -o p era 
tio n  a n d  f a i r  t r ia l  to  all reaso n ab le  new  o r im 
p roved  m eth o d s t h a t  fo u n d ry m e n  c a n  h ope  to  
a cc u m u la te  th e  v e ry  necessa ry  in sid e  know ledge on 
th is  su b je c t o f  sands.

I n  conclusion , th e  a u th o r  w ishes to  acknow ledge 
h is in d eb ted n ess to  M essrs. A lfred  H e rb e r t  fo r  
som e of th e  slides, an d  to  M r. E . H . B ro u g h a ll fo r 
th e  fa c ili t ie s  offered to  enab le  h im  to  p re p a re  th is  
P a p e r.

DISCUSSION.

Sand Preparation.
M r. A. H a rley , c o m m en tin g  f ir s t  on  th e  v e ry  

g ra tify in g  a tte n d a n c e , sa id  i t  show ed w h a t a l i t t le  
p ro p a g a n d a  w ork am ong m em bers of th e  fo u n d ry  
t ra d e  cou ld  do. H e  h a d  a r r iv e d  a t  th e  conclusion  
t h a t  d e fec tiv e  sa n d  p r e p a r a t io n  was re sp o n sib le  fo r  
a  g re a te r  p e rc e n ta g e  o f sc ra p  th a n  a n y  o th e r  c au se  
w h a tev er. T he p ro p e r  p re p a ra t io n  of sa n d  p re 
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se n ted  som e difficulty  w here  th e re  w ere, as in  m any  
in s tan ces  in  C o v en try , com posite  fo u n d r ie s ;  th a t  
was, fo u n d r ie s  w hich  d e a lt  w ith  a b o u t fo u r  d if
f e re n t  m e ta ls , an d  in  th e  case of each  m eta l 
tu r n e d  o u t  a  la rg e  n u m b er o f d iffe re n t c lasses of 
c a s tin g s , all p ra c tic a lly  u n d e r  o n e  roof. They were 
v e ry  m uch  aw are  of th is  d ifficulty  ow ing  to  th e  
tro u b le s  t h a t  o ccu rred  p e rio d ica lly , m ost of which 
h e  th o u g h t  'could b e  tra c e d  to  san d . Of course, in  
th e  o ld  d ay s every  m o u ld er was an  e x p e r t  in  ju d g 
in g  sa n d . I n  h is  o ld  d ay s a t  C oalb rookdale  a 
m o u ld e r of liigh-class w ork  w ould  h av e  been 
in su lte d  if  anybody  b u t  h im self h a d  been  req u ested  
to  p re p a re  h is  sa n d . T h a t  w as h is own job, a n d  
a  v e ry  im p o r ta n t  p a r t  o f h is  w ork . W hile  h e  d id  
n o t  p u t  fo rw a rd  t h a t  t h i s  was a  p ra c tic e  
ap p licab le  to  p re sen t-d a y  m ass p ro d u c tio n  m ethods, 
y e t i t  was w o rth  n o tin g  t h a t  in  th o se  days, when 
th e  m o u ld er knew  ex ac tly  w h a t  h e  w an ted , th e  
r e s u l t  of th is  know ledge was t h a t  th e re  was a very  
sm all p e rc e n ta g e  o f sc rap  tra c e a b le  to  u n su itab le  
san d . H ow ever, i t  w as necessary  now adays, ow ing 
to  t h e  a lte re d  c o n d itio n s  of p ro d u c tio n , t o  h av e  
sa n d  p re p a re d  fo r  th e  m o u ld e r in  b u lk ; a n d  he 
was c e r ta in  t h a t  th e  in d u s try  would be req u ired  
to  g iv e  a  g r e a t  d ea l m ore  a t te n tio n  to  th e  a p p a 
r a tu s  in  u se  fo r  th is  pu rp o se . H is  view was t h a t  
m o u ld ers o f to -d ay  should  ta k e  a  m ore in te llig e n t 
in te re s t  in  th e i r  w ork so f a r  as th e  k in d  o f san d  
th ey  w ere u s in g  w as concerned . In d eed , he  m ig h t 
he  e x a g g e ra tin g , b u t  he  m ig h t a lm o st say  t h a t  
th e  'av erag e  m ach ine  m o u ld er would use  m u d  if  i t  
w ere g iv en  h im . Now if  a  m o u ld er w ere ab le  to  
ju d g e  sa n d  w hen  h e  fe l t  i t  o r  a f te r  he  h a d  m oulded 
one o r tw o. cas tin g s  re p o r te d  on an y  defec t, i t  
w ould fo rm  a v e ry  im p o r ta n t  check o n  th e  o p e ra 
tio n s  o f th e  san d  m ix in g  d e p a r tm e n t. P e rh a p s  
th e  m o st im p o r ta n t  developm ents d u r in g  th e  la s t  
15 y e a rs  or so h ad  ta k e n  p lace  w ith  re g a rd  to  
s ilic a  san d ,, an d  in  h is  ow n fo u n d ry  s il ic a  san d  
cores h a d  (been u sed  fo r  a b o u t  t h a t  p e rio d  w ith  
u n ifo rm  success. H e  m ig h t confess t h a t  he  h a d  
r e ta in e d  th e  b in d e r  w ith  w hich h e  s ta r te d ,  fo r he 
h a d  te s te d  in n u m e rab le  a rtif ic ia l b in d e rs , and  had  
g iv en  them  u p , b ecau se  he h ad  discovered  on 
te s t in g  m an y  o f th em  t h a t  if  th ey  d id  w h a t eras 
c la im ed  fo r  th em , t h e  c o s t was in v a ria b ly  h ig h er.
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Sand Binders.
T h e  b in d e r  he  h a d  u sed  fo r  y e a rs  w as th e  

tre a c le  so luble h in d e r , a n d  th e y  co u ld  m ak e  a ll 
so r ts  o f  s ilic a -san d  co res w ith  i t ,  in c lu d in g  a  six- 
b o re  c y lin d e r ja c k e t ,  which, was a  f a i r ly  
cy lin d e r. T h e  o n ly  t ro u b le  t h a t  th e y  h a d  h a d , 
a n d  e lim in a te d  y e a rs  ago, w as d is to r tio n . T h ere  
wesre m ach in es on  th e  m a rk e t  w hich  in c re a sed  th e  
ease  w ith  w hich  th e se  b in d e rs  w ere m ix ed  w ith  
s ilica  sa n d , a n d  to -d ay  h is  firm  u sed  a. m ix e r  which 
d id  th e  w ork  in  a b o u t  a  t e n th  o f  th e  t im e  ta k e n  
by  a  m an , a n d  also  d id  i t  b e t t e r .  I f  th e y  w ere  in  
th e  h a b i t  of u s in g  th e se  s tic k y  fo rm s  of h in d e r  
m ech an ica l m ean s  o f m ix in g  w as a  g r e a t  a d v a n 
ta g e  an d  e n su re d  u n ifo rm ity .  H e  d id  n o t  c a re  fo r 
sea  san d , a n d  he  n o tic e d  t h a t  M r. C u r r ie  h a d  
re m a rk e d  t h a t  L e ig h to n  B u z za rd  s a n d  w as n o t  
u su a lly  em ployed f o r  c o re  m ak in g . B u t  y e a rs  ago 
he  h im self fo u n d  i t  so  good th a t ,  l ik e  th e  m a n  in  
"  P u n c h ,”  h e  h a d  used  no  o th e r .  I t  w as b e t te r  
th a n  s e a  sa n d , a n d  h e  h a d  fo u n d  th is  sa n d  b e t te r  
g ta d e d  a n d  m ore  u n ifo rm  in  g r a in  th a n  se a  sa n d , 
w ith  no  lim e  c o n te n t  w hich  m ig h t  a r is e  from  
broken  shells. M r. C u r r ie  h a d  g iv en  a  v e ry  p ra c 
t ic a l  P a p e r ,  a n d  o n e  t h a t  e v e ry  fo u n d ry m a n  sh o u ld  
b e  in te re s te d  in .

Experiences with Various Sands Detailed.
M r . D r a k e  observed  t h a t  as re g a rd s  M ansfie ld  

sa n d  b e in g  good fo r  m o u ld in g , h is  e x p e rien c e  w as 
t h a t  i t  w as a  l i t t l e  to o  close. W o lv e rh am p to n  
san d  he  h a d  fo u n d  e x ce llen t. F o r  c a s t  iro n ,
a lu m in iu m , b ra ss  a n d  v a rio u s  o th e r  m ix tu re s  o f  
m e ta l h e  h a d  seen  n o n e  to  eq u al i t .  H e  v e ry  
se ldom  fo u n d  a n y  scab  re su l tin g . S o m e th in g  
m ig h t u se fu lly  be  s a id  a b o u t  coal d u s t  in  th e  
p re p a ra tio n  of m o u ld in g  s a n d ; i t  w as a  v e ry  h a n d y  
m a te r ia l ,  a n d  th e y  could  n o t  do  m uch  w ith o u t  i t  
in  m an y  cases, fo r  i t  c o n tr ib u te d  to  th e  m ak in g  
o f re a lly  good c a s tin g s . A s to  L e ig h to n  B u z za rd  
sa n d , i t  was am o n g  th e  b es t, a n d  h a d  th e  m e r i t  
o f b e in g  u n ifo rm . H e  be lieved  i t  co u ld  be h a d  
in g ra d e s  from  No. 1 to  N o. 8, b u t  th e  f ir s t  tw o 
w ere  m ore  fit fo r  sa n d  b la s tin g . H ow ever, N os. .5, 
6 a n d  7 w ere v e ry  fine, a n d  q u ite  good. A m ong 
v eg etab le  b in d ers , h e  h a d  fo u n d  t re a c le  e x tre m e ly  
efficacious, b u t  he  h a d  n e v er y e t  seen  fish oil used



fo r  th e  p u rp o se  w ith o u t a n o th e r  in g red ien t. Per- 
h a p s  p a te n t  ¡brands o f tr e a c le  w ere  b e tte r ,  b u t  he 
could  a s su re  th e m  t h a t  if  th ey  w orked th e  fish 
o il w ith  tre a c le  o r  som e such b in d e r th ey  would 
o b ta in  a  h a rd e r  co re  a n d  o n e  q u ite  as porous, an d  
a t  th e  sam e  tim e  av o id  scab a n d  blow holes.

M r . W i l l ia m s  a sk ed  w h a t  was th e  p e rcen tag e  
o f sa n d  c o n s t itu e n ts  fo r  d iffe re n t sizes of c a s tin g s  
a n d  d if fe re n t  k in d s  o f cas tin g s , n o n -fe rro u s  and  
fe rro u s . A s re g a rd s  b in d ers , he  th o u g h t th e  
m a jo r i ty  of th em  h a d  h e a rd  o f Glyso, w hich  h a d  
b een  used  in  ihis firm ’s fo u n d rie s  fo r  a n u m b er of 
y e a rs  w ith  v e ry  g r e a t  success. I t  Was a  p e rfe c t 
b in d e r  fo r  sm a ll cores. One f e a tu r e  a b o u t i t  was 
t h a t  w hen th e y  cam e to  e x tr a c t  th e  sa n d  from  th e  
in s id e  o f t h e  c a s tin g  i t  d is in te g ra te d  so easily  
t h a t  th e r e  was n o  tro u b le  w h a tev e r in  c lean in g  
th e  ca s tin g .

M r . B e b n e y  w ished to  o b ta in  in fo rm a tio n  upon 
one p a r t ic u la r  p o in t, because th e  le c tu re r  h ad  sa id  
t h a t  good p o ro s ity  d id  n o t  n ecessa rily  m ean  good 
p e rm e ab ility . A t f irs t s ig h t  i t  would seem  t h a t  
th e  san d  w hich  h a d  la rg e , w ell-rounded  g rh in s  
would possess good p o ro sity  a n d  also  th e  re q u ire d  
p e rm e a b ility , a n d  he  d id  n o t q u ite  see how th e  
d ifference  c am e  a b o u t. D id  i t  occu r th ro u g h  th e  
d is tr ib u tio n  o f th e  (binder, or w as i t  d u e  to  some 
o th e r  fa c to r?

Coal Dust and Weight of Castings.
M r . A x b y  (a  v is ito r)  ex pressed  th o ro u g h  ag ree 

m e n t w ith  M r. H a r le y  as to  sc ra p  caused  by sand. 
O ne firm  m ak in g  a  v ery  in t r ic a te  c a s tin g  fo r  sub 
m a r in e  cy lin d ers , b u i l t  u p  in  five ja c k e ts  all on  
to p  o f o n e  a n o th e r , h a d  t r ie d  to  m ak e  i t  w ith  
sev era l p a te n t  (binders an d  d iffe re n t so r ts  o f  san d s, 
b u t  i t  was fo u n d  necessary  to  go back  to  th e  old- 
fa sh io n ed  co re  san d  to  avo id  tu r n in g  o u t  scrap . 
I n  a shop w h e re  a  good m a n y  ch an g e  wheel's an d  
fly wheels in  co n n ec tio n  w ith  g e a r in g  w ere m ade 
a ll so r ts  of sa n d  w ere  t r ie d ,  a n d  th ey  h a d  found 
n o th in g  'b e tte r  th a n  M ansfie ld  san d . R e g a rd in g  
M r. D ra k e ’s p o in t  ab o u t th e  u se  of coal d u s t, i t  
w as a  q u estio n  o f th e  a m o u n t of m e ta l to  be 
p o u re d  in to  th e  m ould . I n  cas tin g s  w eigh ing  
th re e  o r  fo u r  to n s , a n d  also w ith  ch an g e  wheels 
fo r  la th es, he  h a d  n ev er used  an y  coal d u st.

307



308

-Change wheels w ere  c a s t  g re en , a n d  n o  sc rap  
w as o b ta in e d . M oreo v er, th e y  h a d  p e r fe c t  te e th .  
,Hi's ex p e rien c e  h a d  show n t h a t  th e y  co u ld  m ak e  
c a s tin g s  eas ie r a n d  w ith  b e t te r  re su l ts  by 
a d o p tin g  th e  o ld -fash io n ed  m eth o d s, a n d , p e r 
sonally , h e  d id  n o t  lay  g r e a t  s to re  by th e se  p a te n t  
b in d ers . A p e rso n  who h a d  co n sid e rab le  ex p erien ce  
in th ese  m a t te r s  re c e n tly  s ta te d  t h a t  p a te n t  b in d e r  
sa n d s  w ere  d e tr im e n ta l  to  th e  c a s tin g , a n d  t h a t  
h e  w ould defy  a n y  m o u ld e r to  t u r n  o u t  a s  good 
a  c a s tin g  a s  r e g a rd s  i t s  c o n d itio n  w ith  an y  a r t i 
ficial sa n d  as w ith  o ld -fash io n ed  m eth o d s. H e  
w ould  l ik e  to  know  w h e th e r  th is  w as re a lly  so o r  
n o t. -The le c tu re r  h a d  ra is e d  som e in te re s t in g  
p o in ts , b u t  h e  m u s t say  t h a t  th e  old m o u ld ers  
knew  how to  m ix  th e i r  ow n san d , a n d  h e  w ished 
th is  p ra c tic e  w ere  fo llow ed to -d ay .

M e. D r a k e  a g re e d  t h a t  fo r  m ak in g  c a s t- iro n  fly 
wheels, coal d u s t  h a d  to  be  e lim in a te d , b u t  
p o in te d  o u t  t h a t  th e  c a s tin g s  w ere  o f a  v e ry  h eav y  
ty p e . T h e  coal d u s t  w hich w as n e a r  th e  m e ta l 
b u rn e d  in to  th e  san d , a n d  th e re fo re  scab  re su lte d .

M r . A x b y  re p lie d  t h a t  i t  w as n o t  m ix ed  sa n d . 
H e  was a g a in s t  u s in g  co a l d u s t  in  a n y  s a n d  t h a t  
h a d  t o  b e  d ry  a n d  po ro u s, b ecau se  i t  w as u n n e ce s
sa ry . T h e  o n ly  re a so n  fo r  p u t t in g  in  coal d u s t,  
w hich  m u s t b e  done sp a r in g ly , w as b ecau se  if  th e  
sa n d  h a p p e n e d  to  be  islightly w et i t  h e lp e d  to  t a k e  
aw ay  th e  s team . H e  h a d  te s te d  i t  m a n y  tim e s , 
a n d  h a d  fo u n d  t h a t  i t  Was n o t  r e q u ire d  in  h a lf  th e  
cases in  w hich  i t  w as u sed . F o r  i f  coal d u s t  w as 
ad d ed  to  sa n d  w hich  w as d r ie d  w h a t  good could  
i t  do, see in g  t h a t  i t  on ly  c am e  o u t  a g a in  as ash . 
H ow ever, to  fa c e  w ith  M ansfie ld  s a n d  w ould be 
a n  e x p en s iv e  job.

M r . E l s o n  u rg e d  t h a t  m uch  d ep en d ed  on  th e  
efficiency o f th e  m o u ld e r. I t  d id  n o t  .m a tte r  w h a t  
p re p a ra t io n  o f  m o u ld in g  s a n d  o r  co re  s a n d  o n e  
used  if  th e  m o u ld er w as in e ff ic ie n t; fo r a s  to  coal 
d u s t, i t  w as c e r ta in ly  u se fu l in  g e t t in g  th e  
s te am  aw ay , a n d  h e  a sk e d  th e m  to  th in k  
w h a t  w ould h a p p e n  i f  th e y  d id  n o t  p ro v id e  
fo r  th is . I n  m a k in g  c y lin d e rs  in  g re e n  s a n d  th e y  
n ev er knew  w h a t i t  w as to  g e t  scab  from  o n e  w eek
end  to  a n o th e r . A  g r e a t  d ea l also  d ep en d ed  o n  th e  
m a te r ia l.  I f  th e y  h a d  a  g ood  p r e p a r a t io n  of sa n d  
n o t  evenly  ra m m e d  o r  n o t  p ro p e rly  A len d e d  th e y  
w ould n o t o b ta in  a  so u n d  c a s tin g . *
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Sand Mills and Paddle Machines.

M r . 0 . H . J udd observed t h a t  th e re  was an  
in te re s t in g  case t h a t  w eek w hich h ad  com e u n d e r  
h is n o tic e  of m ix in g  s ilic a  sa n d  w ith  b in d e rs :  one 
in  th e  o ld  s ty le  o f  th e  p a n  m ill a n d  th e  o th e r  in 
th e  m o d ern  p a d d le  m ach in e. The sam e q u a n ti t ie s  
of L e ig h to n  B u z z a rd  san d , w ith  lin seed  o il a n d  
t re a c le , w ere used . I n  t h e  p a n  m ill th e  san d  cam e 
o u t  p e r fe c t  fo r  co re  m ak in g  in  th e  sense of b in d 
in g  a n d  h o ld in g  in  o f th e  co re  box, b u t  in  th e  
o th e r  m ac h in e  th e  sa n d  cam e o u t  a n d  would n o t 
b in d  to g e th e r .  I n  f a c t ,  if  i t  w ere squeezed in  th e  
h a n d  i t  fe ll to  p ieces. I n  th e  f irs t case  th e r e  was 
q u ite  a  good  b in d  a n d  a  p e rfe c t core. T h is  seem ed 
to  f a v o u r  th e  o ld -fash ioned  m eth o d  as b e in g  b e t te r  
to  a  o e r ta in  e x te n t  th a n  th e  m o d ern  m ethod , b u t  
h e  m u s t say  t h a t  th e  m o d ern  m ach in e  a p p a re n tly  
d id  i ts  w ork  s a t is fa c to r i ly  o r ig in a lly . H e  w ondered  
if  th e  le c tu re r  h a d  h a d  a n y  ex p erien ce  o f these  
m ach in es in  tu r n in g  o u t  core  san d  a n d  o f th e  
tro u b le  w hich h i s  fo u n d ry  h a d  com e .across only 
t h a t  week.

M r . C. D i c k e n ,  M .I.M . (B ra n ch -P re s id e n t) , 
r e fe r r in g  to  th e  m eth o d s o f th e  old m oulder, 
re ca lle d  th e  case of a n  o ld  c ra f tsm a n  w hen he  
was .a p p re n tic e d  who .m ade i t  h is  p ra c tic e  to  mix 
h is  fa c in g  s a n d  fo r  .m oulding o n  a S a tu rd a y  re ad y  
fo r  th e  fo llow ing  w eek’s  w ork. T h a t  m ou lder 
a lw ays believed  in  le t t in g  th e  san d  s ta n d  by fo r  
a  tim e , a n d  cov ered  i t  w ith  a  bag , th e  id e a  being  
t h a t  i t  would th e n  becom e m o is ten ed  th ro u g h o u t 
eq u ally  a n d  n o t  be  lik e ly  to  f a l l  'away. .So f a r  a3 
tre a c le  w as co n cern ed , h e  m en tio n ed  t h a t  h is  
f a th e r  a n d  g r a n d fa th e r  used  su g a r  before 
th e se  m o d ern  im p ro v em en ts  w ere in tro d u c ed  fo r 
c o rin g  .purposes. T he W o lv e rh am p to n  san d  which 
h a d  b e en  m en tio n ed  w as rea lly  W om b o u rn e  sand , 
w hich  was o b ta in e d  fro m  j u s t  o u ts id e  t h a t  tow n, 
a n d  i t  co u ld  well be  co m p ared  w ith  S to u rb r id g e  
san d . T he le c tu re r  h a d  p laced  several m ix in g  
m ach ines o n  th e  sc reen , a n d  he  w ondered w hether 
a n y  o f th e m  co u ld  ta k e  th e  p lace  o f th e  o ld  san d  
m ill, b ecau se  h e  n o ticed  t h a t  o ne  ty p e  w as a 
m 'ixer a n d  a n o th e r  ty p e  w as a  re fin e r, an d  in 
som e in s tan c es  th e y  cou ld  n o t  do- w ith o u t re fin in g  
th e 's a n d . I n  th e  case o f  th e  t ra n s v e rse  te s t ,  u sin g
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a co re  1 in . sq. by 8 in. long, was th e  o b je c t to  
a s c e r ta in  th e  h a rd n e ss  o f th e  core, b ecau se  su re ly  
t h a t  w as r e g u la te d  by  ra m m in g  o r  th e  m o is tu re  
c o n te n t?  F o r  co res m ad e  on a  jo lt in g  m ach in e , 
th e  core  boxes w ere  fa s te n e d  on, a n d  th e  
m o is tu re  in  th e  san d  o r  th e  ra m m in g  d e p en d e d  
o n  th e  n u m b er o f jo lts , w hich th u s  re g u la te d  th e  
h a rd n e ss  o f th e  core. T hey  fo u n d  t h a t  if  th e  
m o is tu re  w as a l i t t le  to o  m u ch  th e  co re  w ould 
com e o u t  h e a v ie r . E a c h  c o re  w as w eighed , a n d  if 
i t  w as o v e r  f lb. th e y  cou ld  Tely u p o n  i t  scab b in g , 
b u t  if  u n d e r  good  r e s u l ts  co u ld  be  g u a ra n te e d .  
T he le c tu re r  h a d  ev id e n tly  ta k e n  g r e a t  p a in s , a n d  
p u t  som e re a l h a rd  w ork in to  h is  P a p e r .

THE AUTHOR’S REPLY.
M b. iO u k b i e , re p ly in g  to  th e  d iscussion , th o u g h t  

t h a t  m o st o f th e m  w ould a g re e  t h a t  th e  p r e p a r a 
t io n  o f  sa n d  by  a  m a n  .alw ays o n  th e  jo b  w as m u ch  
b e t te r  t h a n  lea v in g  i t  to  th e  m o u ld e rs  to  m ak e  
th e  d if fe re n t .m ix tu re s  w hen th e y  th o u g h t  fit. B y 
t h a t  m e th o d  g r e a te r  p ro d u c tio n  w as o b ta in e d , and  
th e y  could  scarce ly  ex p ec t to  tro a b le  th e  m o u ld er 
w ith  th e  job  w hen  p ro d u c tio n  w as so im p o r ta n t .  
T h e ir  w ork  a s  .m oulders w as to  m a k e  m ou lds, n o t  
to  m ix  san d . W ith  m ac h in e  m o u ld in g  b ecom ing  
u n iv e rsa l th e y  w ere  fo rced  to  find a  q u ick e r 
m eth o d  th a n  th e  o ld  one . H e  a g ree d  w ith  M r. 
H a r le y  a s  to  th e  n u m b er o f  fa u lty  b in d e rs  o n  th e  
m a rk e t.  H e  h a d  te s te d  a good m an y , a n d  h is  
ex p erien ce  w as t h a t  by  d o in g  th is  th e y  co u ld  soon 
d iscover w hich  w as th e  b e s t  m a te r ia l  fo r th e i r  p a r 
t ic u la r  p u rp o se . W ith  b in d e rs  su c h  as M r. H a r le y  
used  h e  fo u n d  t h a t  d is to r tio n  was less lik e ly  to  
o ccur, a s m ix tu re s  in  th e  g re e n  s t a te  w ere  s tro n g e r  
th a n  w hen  u s in g  oils. H e  p e rh a p s  need ed  to  
q u a lify  th e  s ta te m e n t  t h a t  L e ig h to n  B u z z a rd  san d  
w as n o t  u su a lly  em ployed  fo r  core m ak in g . F o r  
fine w ork  th ey  n eed ed  n o t  th e  ro u g h  g r a in  san d , 
b u t  th e  f in e r m a te r ia l .  A s to  M r. D ra k e ’s p o in t 
a b o u t fish  oils, th e y  w ere n o t  u su a lly  u sed  a lone , 
b u t  as a n  a d m ix tu re  w ith  lin seed  o il. T h e re  w ere  
c e r ta in  d ifficu lties in  th e  m ix in g  o f fish o il in  
w a te r  so lub le  b in d ers , such  as t re a c le , a n d  i t  was 
f a r  b e t te r  to  m ix d if fe re n t o ils  th a n  to  m ix  tw o  
d iffe re n t class o f b in d e r  lik e  w a te r  so lub le  b in d e rs  
a n d  oil. F o r  b in d e rs  f o r  fe rro u s  a n d  n o n -fe rro u s



m eta ls  he  re fe rre d  to  d ry  b in d er like  resin  fo r th e  
l a t t e r ,  h u t  fo r  iro n  h e  «required one r a th e r  
s tro n g e r , w hich w ould p ro d u ce  a  core to  re s is t  
s t r a in ,  a n d  th is  w as m ore  like ly  to  >be secu red  by 
usin g  lin seed  oil o r  t re a c le . M r. B eeney h a d  com
m en te d  o n  th e  d ifference  b e tw een  p o rosity  a n d  p e r
m ea b ility  ; th e  tw o w ere  s im ila r , b u t  a c o re  m ig h t 
be  v e ry  p o rous, in d ic a te d  by  th e  d en sity , an d  y e t  
n o t  h a v e  a  h ig h  p e rm e a b il ity  figure, a s  u n d e rsto o d  
by re s is ta n c e  to  f re e  a i r  p a ssag e  of g as d u e  to  
a n g u la r i ty ,  i r r e g u la r  g ra in  size. A llu d in g  to  th e  
sp e a k e r  who p re fe r re d  o ld -fash io n ed  m ix tu re s  to  
new -fan g led  id eas, M r. C u r r ie  p o in te d  o u t  t h a t  
s ilic a  s a n d  e lim in a te d  m an y  ro d s  a n d  g r id s , e tc . 
I t  w as m u ch  s tro n g e r , a n d  was an  im p o r ta n t  fa c to r  
in  .the case  of r a p id  p ro d u c tio n . F u r th e r ,  i t  would 
s ta n d  m o re  h a n d lin g  th a n  th e  old sty le  o f m ix tu re , 
a n d  h e  .m igh t m en tio n  t h a t  now adays th ey  -were 
n o t  o v e r-c a re fu l in  th e  way in  w hich  th ey  h an d led  
cores. T h e  u se  o f  ooal d u s t  w as n o t  u n iv ersa lly  
n ecessa ry  i n  h e av y  g re e n  s a n d  w ork ; a n d  h e  sa id  
t h a t  i t  on ly  to o k  effect ju s t  o u ts id e  th e  m ould 
su rfa ce . T hey  co u ld  u se  a  b e t t e r  fa c in g  sa n d  for 
th e  p u rp o se , b u t  if  th e y  d id  i t  .m ust be  well 
v e n te d  a ll ro u n d . M r. E lson  h a d  ra is e d  th e  ques
t io n  o f t h e  p ro p e r  m ix in g  o f sa n d  a n d  th e  efficiency 
o f m o u ld e rs . T he m o u ld e r w ith  a  shovel could  
n o t  d o  so  w ell in  th e  sa n d  m ix in g  d e p a r tm e n t as 
cou ld  p ro p e r  m ach in es m ad e  spec ia lly  fo r th e  job . 
H e  en d o rsed  h is  re m a rk s  com plete ly . Then M r. 
J u d d  h a d  s ta te d  t h a t  th e  p a n  m ill h a d  been found  
b e t t e r  fo r  m ix in g  s ilica  sa n d . Possib ly  th e y  d id  
g e t  b e t t e r  re su lts  w ith  ia la rg e  g ra in  san d  lik e  t h a t  
of .L eigh ton  B u zzard . H e  used  a  p a d d le  m ixer, 
a n d  w ith  a  sm all g ra in  san d  lik e  sea san d  th e re  
h ad  been no difficulty  in  p ro d u c in g  a  v ery  good 
m ix tu re . A p a n  m ill was m uch slow er in  i ts  
o p e r a t io n ; t h a t  w as h is reason  fo r  u s in g  o th e r 
m ix e rs . I t  w as necessary  if  th e y  w ere m ak in g  
a  steel m o u ld in g  san d  o r  a  sy n th e tic  san d  to  
use a p a n  m ill : b u t  if  th ey  w ere u sin g  a sand 
such as M ansfie ld  in  c o n ju n c tio n  w ith  o th e r  san d s 
fo r iro n , and  la7*ge q u a n ti t ie s  were req u ired , th en  
th ey  w an ted  so m e th in g  qu icker.
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Scottish Branch.

THE BRIQUETTING AND USE OF CAST-IRON 
BORINGS AND TURNINGS.

By J. Alex. Gardner, Member.
A t a re c e n t  m ee tin g  o f th e  S c o ttish  B ra n c h  of 

th e  I n s t i tu t e  of B r i t is h  F o u n d ry m e n , th e  u t i l i s a 
tio n  of c a s t- iro n  b o rin g s  a n d  tu r n in g s  w as d is
cussed. I t  w as v e ry  in te re s t in g  fo r  th e  a u th o r , 
because a t  t h a t  t im e  h e  was ac tiv e ly  en g ag ed  
upon a  schem e to  ach iev e  th e  p ro fita b le  u se  of

F i g . 1 .— A  B r i q u e t t in g  M a c h in e  f o r  B o r i n g s  
'  a n d  T u r n i n g s .

w h at m ig h t b e  classified as a m o re  o r less v a lu e 
less b y -p ro d u c t o f e n g in e e r in g  shops. U su ally  a  
very  sm all p rice  was o b ta in e d  fo r  c a s t- iro n  b o rin g s  
a n d  tu rn in g s  on th e  sc rap  m a r k e t ;  som etim es 
they  w ere a lm o st a lto g e th e r  va lu e less , a n d  to  a  
fo u n d ry m an  who h a s  th e  co m m erc ia l w e lfa re  o f  
h is p ro fession  re a lly  a t  h e a r t ,  th e  s ig h t  of th e s e  
b o rin g s an d  tu rn in g s  b e in g  c a r te d  aw ay , o f te n  to



th e  d u m p  h eap , or to  sp read  on th e  fo o tp a th s  
ro u n d  a b o u t th e  w orks, th e re  to  r u s t  an d  bond 
to g e th e r, th u s  fo rm in g  a  m ean s o f m ore  o r less 
p e rm a n en tly  filling-up  puddle-holes, is discon
c e r tin g . T h e  p ro b lem s p e r ta in in g  to  fo u n d ry  
p ra c tic e  seem  n ev er-en d in g . F o u n d ry m en  
a p p a re n tly  o f te n  h a v e  e v e ry th in g  nicely  a r ra n g e d  
a n d  sy s te m atise d , w hen an  im p o r ta n t  c a s tin g  is 
scabbed, a n o th e r  is b ad ly  d raw n , a th i r d  fu ll of 
slag  o n  th e  to p  s ide  o f a  flange, a fo u r th  has 
c rac k ed  b e fo re  th e  core iro n s  can  be  slackened . In
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F i g . 2 .— C a st - I r o n  B r iq u e t t e s  M a d e  F rom  
B o r in g s  a n d  B o n d e d  w i t h  C lay  W a s h .

th e  m ea n tim e  th e  cupola  h a s scaffolded, an d  sel
dom  if  ev e r do th e y  g e t  ju s t  one tro u b le  a t  a  tim e. 
I t  m ay  be th o u g h t  t h a t  th is  is an  ex ag g e ra tio n , 
b u t  such  occurrences do h a p p e n .

A gain , th e  m ach in e  sh o p  sta ff ta k e  a t ru e  
d e lig h t in  c o m m ise ra tin g  w ith  fo u n d ry m en  on th e ir  
m is fo rtu n e s , w h ils t eu lo g isin g  th e  q u a lity  o f th e  
c a s tin g s  tu rn e d  o u t  by  o u r g re a t-g ra n d fa th e rs . 
T hey  a re , how ever, s i le n t w hen th e  cas tin g s a re  
good. M ee tin g s  of th e  I n s t i tu te  o f B r i tish  F o u n 
d ry m en  n ev er develop in to  m u tu a l self a d m ira tio n  
societies, 'bu t a lw ays h av e  a s p i r i t  o f k in d ly  r iv a lry  
tem p e re d  w ith  h e lp fu l c am arad e rie .



I n  th is  s p ir i t ,  th e n , th e  a u th o r  p re se n ts  th e  p a r 
t ic u la rs  o f w h a t h a s  been  acco m p lish ed  w ith in  h is  
ow n p u rv ie w  co n ce rn in g  th e  b r iq u e t t in g  a n d  use
fu l  m e ltin g  of c a s t- iro n  b o rin g s  a n d  tu r n in g s .  T his 
P a p e r  is m o re  o r less a  re su m e  of th e  e v o lu tio n  
fro m  a  sim ple  th o u g h t  on  th e  s u b je c t  m a t te r  u p  
to  i ts  successfu l p ra c t ic e , a n d  i t  is  n o t  co n sid e red  
to  be  th e  la s t  w o rd  o n  th e  su b je c t,  b u t  i t  is  a  suc
cessfu l e s tab lish e d  a n d  p a y in g  p ro p o sitio n .

Early Attempts.

H a v in g  e x a m in e d  p re v io u s  a t te m p ts ,  i t  was 
fo u n d  t h a t  v a r io u s  schem es h a v e  b een  t r ie d  fro m  
t im e  to  tim e , such  as p a c k in g  in  boxes m ad e  o f 
m e ta l o r  wood, b o n d in g  by  m ean s o f ru s t in g , o r 
a g a in  b o n d in g  b y  m ean s  of P o r t la n d  c e m e n t. T h e  
f irs t  of th e se  schem es e n ta i ls  th e  d e s tru c t io n  o f  th e  
c o n ta in e r  long  b e fo re  th e  m ass o f th e  b o rin g s  or 
tu rn in g s  is  f r i t t e d  to g e th e r ,  w ith  th e i r  co n seq u en t 
e je c tio n  fro m  th e  c u p o la  by th e  a i r  b la s t. T he 
second is a  slow process, ev en  w hen acc e le ra ted  by 
th e  use  of am m o n iu m  c h lo rid e , a n d  m u s t b y  i ts  
n a tu r e  involve excessive  s to c k in g  a n d  h a n d lin g .

B r iq u e t t in g  m ach in es  a re  o n  th e  m a rk e t,  a n d  
a re  sa id  to  w ork  v e ry  well. W o rk in g  a t  p re ssu re s  
f ro m  100 to  150 to n s , w ith  a n  o u tp u t  o f  1,000 to  
1,500 b r iq u e tte s  p e r  h o u r , w h en  w o rk in g  on such 
m a te r ia l  as san d , coal a n d  coke. I n  a  ty p ic a l  
exam ple, F ig . 1, t h e  p re ssu re  is  a p p lie d  b y  to g g le  
lev e rs  d r iv e n  b y  g e a r in g , a n d  th e  p re ss  re q u ire s  
10 to  15 h .p . to  w ork  i t .  O n in q u iry  i t  w as  fo u n d  
t h a t  th e  cost w as a b o u t £1 ,250  fo r  a new  m ac h in e  
a n d  ¿6850 f o r  a re co n d itio n e d  one.

Clay Bonding is Used.
S ta r t in g  fro m  th is  p o in t  e x p e r im e n ts  w ere  con

d u c te d  o n  th e  lin e s  o f  com p ress in g  th e  b o rin g s  a n d  
tu rn in g s  in  t a p e r  tu b e s  w ith  a  b o nd , finally  g e t t in g  
a  good b r iq u e t te  3.5 ins. d ia . a t  th e  b ro a d  e n d  an d  
3.25 in s . a t  th e  n a rro w  e n d , w ith  a n  o v e ra ll le n g th  
of 6 .5  ins. T h e  b r iq u e tte s  th u s  fo rm ed  could  be 
h a n d le d  q u i te  w ell, a n d  w ere  t r a n s p o r te d  to  d ry 
in g  stoves. A f te r  b e in g  d r ie d ,  a  b r iq u e t te  co u ld  
be d ro p p ed  fro m  a  h e ig h t  o f  a b o u t 20 f t .  o n  to  
h a rd  m a te r ia l ,  a n d  m ay  possib ly  b re a k  in to  tw o  
pieces, som etim es m ore, b u t  i t  d id  n o t d is in te 
g ra te .  T h is  b r iq u e t te  w as o b ta in e d  b y  filling  a
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t a p e r  tu b e  13.5 in s. long, th e  low er le n g th  of 
65 ins. c o n fo rm in g  to  th e  d im en sio n s  of th e  fin ished  
b r iq u e tte .  T h is  tu b e  w as firm ly  p a ck e d  by h ^ d  
w ith  th e  b o rin g s  a n d  tu r n in g s  m ix ed  w ith  a  suffi
c iency  of c lay  w a te r , th e  c lay  w a te r  b e in g  th e  con
sis ten cy  o f th ic k  c ream , a n d  th e  q u a n t i ty  of i t  
a d ju s te d  u n t i l  v e ry  l i t t l e  of i t  is  squeezed  o u t  by  
th e  ra m m in g  process.
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F i g . 4  S e c t io n a l  E l e v a t io n  o f  t h e  B a l l
S y s t e m , w h i c h  E j e c t s  t h e  B r i q u e t t e s  
o n  R o t a t io n  a n d  D u r i n g  t h e  S q u e e z in g  
o f  A n o t h e r .

T he ra m m in g  p rocess c o n sis ted  of a p p ly in g  a b o u t 
35 to n s  to  th e  m ass c o n ta in e d  in  th e  t a p e r  tu b e ,  
bv  m ean s o f a  ra m  3  in s . d ia . ,  t h e  o th e r  e n d  b e in g  
effec tive ly  c losed a g a in s t  th e  sq u eez in g  o u t  o f  th e  
b o rin g s, b u t  n o t  a g a in s t  th e  su rp lu s  c la y  w a te r . 
T he b r iq u e tte s  th u s  fo rm ed  w ere  in  th is  case  d r ie d  
on th e  floor a ro u n d  th e  c a r r ia g e s  o f th e  stoves
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used  fo r  d ry in g  th e  loam  a n d  d ry -sa n d  m oulds, 
th u s  in v o lv in g  n o  a d d it io n a l  o u t la y  f o r  th is  p a r t  
o f  th e  process. A sim p le  se m i-a u to m a tic  m ac h in e  
w as th e n  d esigned , .which co u ld  e ffec t th e  m a n u 
fa c tu r e  o f  th ese  b r iq u e tte s .  I n  t h e  m e a n tim e , 
15 cw ts. o f  m ix e d  tu r n in g s  a n d  b o rin g s  w ere  m ad e  
in to  213 b r iq u e tte s  (F ig . 2), a n d  th e  r e s u l ta n t  
w e ig h t th e n  w as 15 cw ts. 3  q rs . 9.5 lb s ., so t h a t  
th e  a d d e d  c lay  w eighed  93.5 lb s., o r  6.3 p e r  c e n t, 
o f th e  w hole, a n d  th e  a v e ra g e  w e ig h t of th e  b r i 
q u e tte s  w as th e re fo re  8.25 lbs.

Melting Results.
T hese b r iq u e t te s  w e re  m elted  in  a  sm all cu p o la , 

w ith  a  12-in. w a te r-p re ssu re  a ir -b la s t ,  a n d  c a s t  in to  
p igs, th e  y ie ld  b e in g  13 cw ts 1 q r . 10 lbs., o r  a  loss 
o f 1 cw t. 2 q rs . 18 lb s ., o r  11.1 p e r  c en t. T h e  
b o rin g s , as u su a l, c o n ta in e d  m uch  d i r t  f ro m  th e  
floors.

A n a v e ra g e  sam p le  of th e  b o rin g s  b e fo re  b r iq u e t
t in g  show ed an  an a ly s is  o f : — 2.187 S i ;  0.062 S ;  
0.682 P ;  0.528 M n ; 0.400 O C ; a n d  2.88 G r p e r  
c e n t.,  a n d  a f te r  m e lt in g  th e  p ig s  show ed a n  
a n a ly s is  o f :— 1.305 S i ; 0 .193 S ; 0.716 P  ; 0.171 M n ; 
2.115 O C ; a n d  0.560 G r p e r  cen t.

T h e  r e s u l ta n t  iro n  w as w h ite  ow ing  to  w h a t h a d  
e v id e n tly  b een  a  c o m b in a tio n  o f th e  a lu m in a  in  
th e  c lay  u sed  in  b r iq u e t t in g  w ith  p a r t  o f  t h e  s il i
con c o n te n t  o f  th e  tu r n in g s  a n d  b o rin g s, s la g g in g  
off as one o r m o re  o f th e  s ilic a te s  of a lu m in a .

H a v in g  th u s  o b ta in e d  a  re a so n a b le  r e tu r n  fro m  
th e  c u p o la  in  so f a r  as q u a n ti ty  is  co n ce rn ed , a n d  
n o tin g  t h a t  a  su i ta b le  a d d it io n  o f h ig h  silico n , o r  
s ilky  iro n  as i t  is  ca lled , w ou ld  r e c t ify  m a t te r s  
w ith  r e g a rd  to  q u a lity , t h e  a u th o r  th e n  c o n c e n tra 
te d  u p o n  b u ild in g  a  m ac h in e  w h ich  w ould  t u r n  o u t  
th e  b r iq u e tte s  a t  a  re a so n a b le  sp eed . T h is is show n 
in  F ig . 4, w hich e x h ib its  a  v iew  o f  th e  w o rk in g  
side  of th e  o r ig in a l  b r iq u e t t in g  m ach in e . T h e  
h o p p e r g iv es d ire c tio n  to  t h e  b o rin g s  a n d  tu r n in g s  
w hich h a v e  a lre ad y  b een  m ix e d  w ith  c lay  w a te r . 
T h e  c lay  w a te r  is  s to re d  in  a  ta n k  w hich  is k e p t  
a g ita te d  a n d  m ixed  by a  sm all j e t  of a ir  r is in g  
fro m  th e  b o tto m . T h e  su cceed in g  c y lin d e rs  a re  
th u s  filled w ith  t h e  c la y  a n d  b o r in g  m ix tu re  as 
th e y  p a s s  u n d e r  th e  h o p p e r . T h e  f irs t  c y lin d e r 
h a v in g  been filled, th e  th r e e  c y lin d e rs  a re  r o t a t e d ;
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th e  second is now filled, and. th e  first is b ro u g h t in 
f ro n t  o f th e  com pressing  ra m . A p ressu re  of 
a b o u t 38 to n s  is developed inside  th e  h y d rau lic  
cy lin d er beh in d  th e  ram  which, allow ing fo r fr ic 
tio n a l a n d  o th e r  losses, w ill re p re se n t a b o u t 35 
to n s  effectively  ap p lied  to  th e  borings, or ab o u t 
5 to n s  p e r  sq. in . o f  end  su rfa ce  of th e  b r iq u e tte . 
T he in te rn a l  p re ssu re  on th e  cy linder b e in g  ab o u t
0.5 to n s  p e r  sq. in . w hen th e  p re ssu re  is on.

T h e  cy lin d e rs  a re  locked in  position  d u rin g  th e  
com pression  p e rio d . T he h y d ra u lic  supp ly  to  th e

F i g . 6 .  T h e  H e a d  o p  t h e  C a s t in g  S h o w n  i n
F i g . 5 S p l i t  O p e n .

m ach ine  is co n tro lled  by a “  H om eyard  ”  valve, 
which h a s  g iv en  ev ery  sa tis fa c tio n . T he cy linders 
a re  a g a in  ro ta te d  w hen th e  th ird  one is filled w ith  
b o rin g s, th e  second com ing  in  f ro n t  of ram , which 
w hen i t  fu n c tio n s , n o t o n ly  com presses th e  bo rings 
in th is  second cy lin d e r, b u t  a t  th e  sam e tim e  by 
a  system  o f th r e e  ba lls  (show n in  F ig . 4) a c tin g  in  
a  w edg ing  m an n e r on  well f i tt in g  p is to n s a t  th e  
b o tto m  of th e  cy lin d e r, e jec ts  th e  c o n te n ts  of th e  
firs t cy lin d e r as a  fo rm ed  b r iq u e tte  on  to  a  su i t 
ab ly  cu rv ed  p la te  w hich slides i t  to  th e  floor. 
F ig . 4 shows an  e lev a tio n  of th is  ba ll system .

The b r iq u e tte  th u s  o b ta in e d  w as a hom ogeneous
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m ass a b o u t  6 ins. long, by  a b o u t  3 .5  in s. d iam . a t  
th e  b ro a d  en d , ta p e r in g  to  a b o u t  3 in s. a t  th e  n a r 
row  e n d , a n d  w e ig h in g , w hen d ry , a p p ro x im a te ly  
5.75 lbs.

Production Data.
A reaso n a b le  speed  o f p ro d u c tio n  w ith  th r e e  in 

d iv id u a ls  w hen, as well a s  b r iq u e t t in g ,  th e y  h av e  
to  m ix  th e  b o rin g s  a n d  c lay  w a te r  to g e th e r ,  is  940 
b r iq u e tte s  p e r  w o rk in g  d a y , w e ig h in g  a b o u t 2 to n s  
16 cw ts ., b u t  w ben th e  sam e in d iv id u a ls  h a v e  to  
t r a n s p o r t  th e  b r iq u e tte s  to  th e  d ry in g  stoves, th e

F i g . 7 .— T h e  T u r n e d -u p  C y l in d e r  H e a d .

p ro d u c tio n  ru n s  a b o u t  760 b r iq u e t te s  p e r  d a y , o r  a 
w e ig h t o f  2 to n s  5 cw ts.

T he g r e a te s t  w e a r  in  th e  m ac h in e  is  n a tu r a l ly  
lo ca ted  in  th e  tu b e s  in  w hich  th e  b r iq u e t te s  a re  
com pressed , th e  t a p e r  b e in g  g ra d u a l ly  w orn  
p a ra lle l . H ow ev er, so f a r  th e r e  h a s  (been o b ta in e d  
a b o u t 64 to n s , o r  21,582 b r iq u e t te s  p e r  tu b e  b e fo re  
th e y  a re  useless, w hich m ean s t h a t  th e y  do n o t  
e je c t p ro p e rly .

As th e  b r iq u e tte s  a re  m ade , a n d  im m e d ia te ly  
u p o n  le a v in g  th e  m ac h in e , th e i r  te m p e ra tu r e  r ise s  
a b o u t 60 deg . F .  above n o rm a l, th e  b r iq u e tte s  
s te a m in g  slig h tly . C lay  w a te r  is  a s  y e t  th e  o n ly  
m ed iu m  w ith  w hich  we g e t  th is  r ise  in  t e m p e ra tu r e
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u n d e r  th e  c o n d itio n s  s ta te d  a f te r  com pression. 
W ith  a ll o th e r  m a te r ia ls  t r ie d ,  th e  p re ss  “ g ru n ts  ”  
h eav ily  d u r in g  th e  a p p lic a tio n  o f th e  p ressu re , 
show ing  h eav y  f r ic t io n a l  re s is tan c e  to  m ovem ent 
of th e  p a r tic le s  of th e  m ass p a s t  one an o th e r, w ith  
th e  re su lt  t h a t ,  th e  b r iq u e tte  is n o t so homo
geneous, n e i th e r  can  i t  be  safe ly  h a n d le d 1 in  t r a n s 
p o r t  b e fo re  d ry in g . T h e  successfu l fu n c tio n in g  of 
th e  c lay  w a te r  is  a t t r ib u te d  to  th e  g e la tin o u s  
n a tu r e  o f th e  h y d ra te d  ox id e  of a lu m in iu m , i ts  
ch ie f c o n te n t, w hereby i t ,  to  a c e r ta in  e x te n t ,  a c ts  
as a  lu b r ic a n t .

F i g .  8.— U n etc h ed  M icro graph  op C ast 
Iron  M ade pr o m  B o rings  x 80 D ias., but 
Sl i g h t l y  R edu ced  on R epro du ction .

Drying Process.
T he fo rm ed  b r iq u e tte s  a re  allowed to  re s t  some 

tim e  fo r th e  p u rp o se  o f p r im a ry  h a rd en in g , say  
a b o u t 2 to  3 h o u rs, a n d  a re  th e n  p laced on  th e  
floor ro u n d  ab o u t th e  cores, loam  an d  d ry-sand  
mould's in  th e  d ry in g  stoves. T he w orks have am ple  
s tove  c a p a c ity  fo r  th is  p u rpose . A f te r  a b o u t 12 
h o u rs ’ h e a tin g , th e  b r iq u e tte s  a re  q u ite  d ry , th e  
c la y  h a s  b een  d e h y d ra ted , an d  th e  whole m ass 
is fo u n d  to  be reaso n ab ly  h a rd , an d  q u ite  su itab le  
to  w ith s ta n d  th e  shock o f fa ll in g  down th e  b a rre l  
of th e  cu p o la  d u r in g  ch arg in g , t h a t  is, th ey  m ay 
or m ay  n o t b re a k  in to  tw o pieces, b u t  th ey  will 
n o t be d is in te g ra te d  in to  useless pow der.

T he m ach in e  w as o p e ra ted  u n til  82i7 o f  these  
b r iq u e tte s  h a d  been  p roduced , th is  n u m b er when

M
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d r ie d  -weighed 2 to n s  2 cw ts. T a k in g  th e  clay- 
c o n te n t  a t  6.5 p e r  c e n t.,  as in  th e  f ir s t  r e p o r t ,  i t  
leav es 1 to n  18 cw ts. o f  m e ta l h o rin g s .

Details of Working.
T he a u th o r  d iv id ed  th e se  in to  th r e e  c h a rg e s  a n d  

p laced  in  th e  cu po la , 42 cw ts. o f  b r iq u e tte s ,  20 
cw ts. o f  silico n  iro n , a n d  20 cw ts. o f  good  sc ra p , 
ad d in g  a t  th e  sam e tim e  a  l i t t le  m o re  th a n  th e  
n o rm a l a m o u n t o f  coke a n d  lim esto n e .

T he sc rap  u sed  a n a ly s e d :— 2.400 S i ;  0.040 S ;
0.700 P ;  0.800 Mm; 2.920 G r ;  a n d  0.400 p e r  c en t. 
CXI.

F i g . 9.— I odine- E tc h e d  M ic r o g r a p h  o f  
C ast  I ron  M a d e  f r o m  B o r in g s  x 80 
D ia s ., btjt Sl i g h t l y  R ed u c ed  on R ep r o 
d u ct io n .

T he h ig h -silico n  iro n  show ed on a n a ly s is :— 6.279 
S i ;  0.072 S ;  0.375 P ;  1.194 M n ;  2.380 G r ;  a n d
0.074 p e r  c en t. CC.

T a k in g  th e  b o r in g s  as i l lu s t r a te d  in  F ig .  2  i t  is 
a  ve ry  d ifficu lt p ro p o s itio n  to  g e t  a  re p re s e n ta t iv e  
sam p le  fro m  su ch  a  v e ry  h e te ro g en e o u s  m ass, th e y  
sh o w :— 2.187 S i ;  0.062 S ;  0 .682 P ;  0.528 M n ; 
2.880 G r ;  a n d  0.400 p e r  c e n t.  OC.

T h e  cu p o la  w as o p e ra te d  u n d e r  a b o u t  12 ins. 
w a te r-p re ssu re , a n d  th e  m e ta l c am e  dow n v e ry  
h o t a n d  flu id , show ing  t h a t  th e  e x t r a  coke p re 
c a u tio n  w as u n n ecessa ry , b u t ,  as c an  be  a n t ic i -
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F ig . 10.— A P itometep. T ube  U sed in  Con
ju n ctio n  w it h  a n  In c lin ed  M a n o m eter  for 

C upola  V o lu m e  C o n tro l.
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p a te d , th e  m e lt  w as a sso c ia ted  w ith  a good q u a n 
t i t y  o f slag .

A n  a n a ly s is  m ad e  fro m  a  40 in  x 2  in  x  1 in . 
te s t  b a r , c a s t  a b o u t  t h e  m id d le  of th e  r u n ,  
show ed 2.365 S i ;  0.153 S ;  0.667 P ;  0.457 M n ; 
2.040 G r ;  a n d  0.645 p e r  c e n t.  OC.

Mechanical Results.
T h ree  t e s t  b a rs  d im en sio n ed  as above, b ro k e n  

on  36 in . c e n tre s  g a v e  a n  a v e ra g e  lo ad  o f  37 cw t. 
1 q r . 2 lbs., a sso c ia ted  w ith  0 .432 in s. deflection .

A h y d ra u lic  c y lin d e r w as c a s t  f ro m  w ith  t h i s  iro n  
I t  is  show n in  F ig . 5 a f te r  f e t t l in g ,  a n d  w eighs 
w ith  i ts  h e ad  46 cw ts. F ig .  6 show s th is  h e ad , 
w hich  w e ig h ed  19 cw ts ., s p l i t  o p en  r e v e a lin g  th e  
g ra in  o f  th e  m e ta l. As 'will b e  n o te d , th e r e  is  th e  
u su a l s la g  a n d  d i r t  r i g h t  a t  th e  to p , h u t  below  t h a t ,  
th e  m ass of th e  iro n  is o f  th e  v e ry  fin es t q u a li ty ,  
a p p ro a c h in g  th e  old co ld -b las t iro n  ip  c h a ra c te r ,  
which is d e sc rib ab le  a s  of r iv e n  o a k ;  i t  is  th e r e 
fo re  s ig n if ic a n t of a  h ig h  d eg ree  o f so l id ity  a n d  
to u g h n ess . F ig . 7 show s th e  tu r n e d  f lan g e  a n d  
b o re  of th is  c y lin d e r  all s ig n if ic a n t of iro n  o f th e  
h ig h es t q u a lity .

T h e  tu r n e r  re p o r te d  t h a t  h e  w as co n sc ious of 
th e  iro n  b e in g  ju s t  s lig h tly  to u g h e r  th a n  n o rm a l, 
b u t  th e  c u t t in g  speed w as n o t  re d u c e d  in  th e  le a s t,  
a n d  t h a t  he  w ould r a th e r  c u t  th is  i ro n  t h a n  th e  
o rd in a ry .

A te s t  o f  th e  c u tt in g s  t a k e n  w h ils t b o r in g  th e  
c y lin d e r  show ed i t  to  c o n ta in  2.281 p e r  c e n t. Si 
an d  0.075 p e r  cen t. CC.

T h e  low fig u re  o f th e  com b in ed  c a rb o n  c o n te n t  
is o f  co u rse  d u e  to  t h e  m u ch  slow er r a t e  o f  coo ling  
of th e  c y lin d e r  m ass, in  co m p ariso n  w ith  th e  te s t  
b a r.

F ig . 8 shows a  m icro -sec tio n  c u t  f ro m  o n e  o f  th e  
te s t  b a rs  po lish ed  b u t  u n e tc h e d . I t  re v ea ls  a  v e ry  
finely d iv id ed  g ra p h ite  c o n te n t ,  a n d  c o m p a ra tiv e ly  
very  l i t t le  im p u r i ty .  F ig .  9 show s th e  sam e  sec
tio n  e tc h ed  w ith  io d in e , a n d  re v e a lin g  th e  iro n  
ph o sp h id e  as w h ite  a rea s , w ith  th e  p e a r l 'ite  a s h a lf 
to n e , a n d  also th e  sam e sm all g r a p h i te  p la te s  as 
in No. 5. B o th  i l lu s t r a tio n s  a re  u n d e r  a  m ag n ifi
ca tio n  of 84 d ia s ., a n d  fu l ly  s u b s ta n t ia te  th e  
u na lys is a n d  re su lts  o b ta in e d  f ro m  th e  t e s t  b a rs .

In  th e  a u th o r ’s o p in io n  th e  su p e rio r  q u a li t ie s  o f
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th is  m e ta l a r e  d ue  to  th e  m ec h an ic a l e lim in a tio n  
o f g ra p h ite  by th e  m a c h in in g  processes p ro d u c tiv e  
o f  th e  b o rin g s  a n d  tu rn in g s ,  and. po ss ib ly  also d u r 
in g  th e  e a r ly  m e ltin g  s ta g es , w ith  a  c o n se q u en t 
d im in u tio n  o f th e  le n g th  a n d  n u m b e r  o f  possib le  
c leav ag e  p lan e s  in  th e  m ass. I n  th is  w ay  th e  p ro 
d u c t  is  s im ila r  to  w h a t is  c a lled  “  sem i-s tee l.’ ’ A 
d a ily  u se  o f b r iq u e tte s ,  w h en  su ch  a r e  a v a ilab le , 
in  q u a n ti t ie s  v a ry in g  fro m  5 to  25 p e r  c e n t .,  h a v e  
been  am p ly  p ro v ed  to  be  p ro d u c tiv e  of a  c o rre 
sp o n d in g  in c re ase  in  th e  s t r e n g th  of e a s t  iro n . 
T hey  a p p e a r  to  fu n c tio n  in  an  a lm o s t e x a c tly  
s im ila r  w ay to  s tee l, a lth o u g h  p e rh a p s  in  th e  
h ig h e r  p e rc e n ta g e s , s te e l is in  th e  a sc e n d a n t  ow ing  
to  i t s  d ilu t io n  of th e  su lp h u r  a n d  p h o sp h o ru s  con
t e n t .  T he a u th o r  h a s  h a d  tr a n s v e r s e  te s ts  on  a 
2 in . x 1 in . b a r  on  36 in . c e n tre s  o f  46 cw ts in  
sem i-steel.

T ab le  I  show s a so m ew h a t c ru d e  b a la n c e  sh ee t, 
b u t  i t  is  f a i r ly  i l lu m in a t iv e .

T a k in g  th e  p ro p o s itio n  a ll  ro u n d , i t  w ill b e  
n o te d  t h a t  i t  is  a f a i r ly  p ro fita b le  one.

B last Control.
W ith  r e g a rd  to  th e  12-in. w a te r -p re s su re  on th e  

tu y e re  box , t h e  c o n tro l is  now  re a lly  confined  to  a 
“ fixed  vo lum e o f a i r ’ ’ m e th o d . T h e re  a r e  so 
m an y  v a r ia b le s  a sso c ia ted  w ith  th e  fu n c tio n in g  o f 
a  cu po la , t h a t  i t  is  f e l t  a d v isa b le  to  h a v e  o n e  f a i r ly  
c o n s ta n t  f a c t o r ; so i t  is  w o rk ed  as n e a r ly  a s  pos
sib le  to  32,000 cu b . f t .  of a i r  p e r  to n  o f iro n . I f ,  
th e n , th e  iro n  is  cold, i t  is  k n o w n  t h a t  m ore  coke 
is re q u ire d  o f th e  q u a li ty  b e in g  u sed . I f ,  on  th e  
o th e r  h a n d , th e  iro n  is  h o t, b u t  t h e  m e ltin g  is  slow, 
th e n  to o  m u ch  coke is  b e in g  u sed , a n d  i t  c a n  be  
co n tro lled  acco rd in g ly .

F o r  volum e c o n tro l, th e  a u th o r  is  u s in g  a  P i to -  
m e te r  tu b e  (F ig . 101 in  c o n ju n c tio n  w ith  a n  in 
c lined  m an o m e te r, o n e  lim b  o f w hich  is  la r g e r  in  
b o re  th a n  th e  o th e r  ; in  th is  w ay  a  re la tiv e ly  lo n g  
sen sitiv e  co lu m n  o f  w a te r  is o b ta in e d , a n d  a  v e ry  
fine a d ju s tm e n t  o f  th e  a ir  is possib le .

I t  is fo u n d  t h a t  a  P i t o t  tu b e  is in ex p en siv e , does 
n o t  m a te r ia lly  a ffec t flow of a ir ,  is e as ily  f i tte d , 
ta k e s  u p  v e ry  l i t t l e  room , a n d  is  v e ry  a c c u ra te  
w hen in s ta lle d  as in d ic a te d . I t  m ay  b e  o f in te re s t
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to  g ive  th e  fo rm u la  fo r th e  P i to t  tu b e  ca lcu la tio n  
w ith  re fe re n c e  to  th e  flow o f a ir  in  a  p ipe. T he 
fo rm u la  is :  —

V  =  C s/2gH7
W here  V is th e  ve loc ity  in  fe e t  p e r sec., C is a  

s lig h tly  v a r ia b le  c o n s ta n t, d ep en d in g  upon  th e  
c o n to u r an d  size o f th e  P i to t  tu b e , b u t 0.865 m ay 
be ta k e n  a s  a  good f ig u re ; g is th e  g ra v ity , and  
H  th e  inches o f w a te r  p re ssu re  in  a  v e r tic a l U 
tu b e , c o n v e rted  in to  th e  e q u iv a le n t o f fe e t of a ir  
p re ssu re  a t  lo  deg . C. a n d  760 m m . p ressu re .

In c re m e n ta l,  v e r tic a l  w a ter-p re ssu re -h ead s a re  
ca lcu la te d  o u t  b y  above fo rm u la , th u s  g e tt in g  th e  
a i r  v e loc ities a t  th ese  heads, an d  u n d e r  th e  p res
su re  o f  th e  b la s t m ain . F ro m  th ese  ve lo c ities  in  
c o n ju n c tio n  w ith  th e  a re a  of th e  b la s t  m ain , th e  
re sp ec tiv e  vo lum es a re  c a lcu la ted , a n d  th ese  a re  
a g a in  c o rrec ted  from  th e  b la s t-m a in  p re ssu re  to  
t h a t  of th e  n o rm a l a tm o sp h e re  o r  760 mm.

A c u rv e  is  th e n  p lo tte d  from  th e  fo rego ing  d a ta , 
a n d  fro m  th is  cu rv e , equal in c re m e n ta l volum es 
a re  n o ted  w ith  re fe re n ce  to  th e  resp ec tiv e  h ead s of 
w a te r . F ro m  th ese  figures a  slop ing  m an o m ete r 
w ith  a  w ide an d  n a rro w  tu b e  is  c a lib ra ted , g iv in g  
a  v e ry  sen sitiv e  and  a o cu ra te  in s tru m e n t.

be
a Conclusion.

I n  conclusion , th e  a u th o r  expresses h is th a n k s  to  
M r. K e n n ed y , m an a g in g  d ire c to r  o f M essrs. Clen- 
field & K en n ed y , L im ite d , K ilm arn o ck , fo r  perm is- 
sion to  re a d  th is  P a p e r . H is  th a n k s  a re  also due 
to  M r. R o b e r t  M. R o b e rtso n , th e  p la n t  d ra u g h ts 
m an , fo r  h u m o u rin g  h is v a g a rie s  in  m ach ine  de- 

the «ign, an d  m ost m a te r ia lly  a ss is tin g  in  m any  ways,
if. : L as tly , h e  th a n k s  M r. W illiam  W vllie, one o f th e

I n s t i tu t e  m em bers, who 'is to  h im  a  n e v er-fa ilin g
fr ie n d  in tim e s  o f tro u b le .
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Lancashire Branch.
(BURNLEY SECTION).
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THE FOUNDING OF ADMIRALTY GUN METALS 
ALLIED^ ALLOYS

By F. W. Rowe, Member.
In. d e a lin g  w ith  such  a  s u b je c t  a s  th is ,  i t  is  

n e i th e r  possib le  n o r  d e s irab le  to  av o id  to u c h in g  
o n  b ra ss  fo u n d ry  p ra c t ic e  in  g e n e ra l.  A la rg e  
p o rtio n  o f th e  m a t te r  in  th is  P a p e r  m ay  be ta k e n  
to  a p p ly  to  a ll  b ra s s  fo u n d ry  p ra c t ic e  un less 
specifically  ex cep ted .

T h e  m a jo r  p o r tio n  of th e  w o rk  of n o n -fe rro u s  
fo u n d rie s  is  p ro d u c in g  g u n -m e ta ls  o f som e k in d  
o r  o th e r . S tr ic t ly  sp e a k in g , th e  te rm - “  g u n - 
m e ta l ”  den o tes a te r n a r y  alloy  o f c o p p er, t i n  a n d  
z inc , in  w h ich  th e  co p p er is  n o t  less th a n  80 p e r  
c en t. I n  th e  a v e ra g e  g u n -m e ta l c a s tin g  th e r e  is 
a lso a n  a p p rec ia b le  p ro p o r t io n  o f lead  (a d d ed  
in te n tio n a lly  o r  o th e rw ise ), a n d  i t  is p ro p o sed  to  
in c lu d e  a  c o n s id e ra tio n  o f th e s e  alloys a lso .

S im p le  b in a ry  cop p er-z in e  a lloys c o n ta in in g  z in c  
u p  to  20 p e r  c£ n t. a re  n o t  u sed  to  a  v e ry  la rg e  
e x te n t  fo r  e n g in e e r in g  c a s tin g s . T h ey  a re  n o t 
so easy  to  h a n d le  a s  t e r n a r y  a llo y s in  th e  fo u n d ry  
a n d  th e i r  m ech an ica l p ro p e rt ie s  do n o t  f i t  th e m  fo r  
m an y  d u tie s . T h e ir  a p p e a ra n c e  is  n o t  so good in  
th e  fin ished  c a s tin g  as th e  te r n a r y  a lloy , a n d  th e y  
a re  m o re  lia b le  to  u n so u n d n ess a n d  b lo w h o les; 
also th e y  a re  too  so f t, t h a t  is, th e  y ie ld  p o in t  is 
low, a n d  co n seq u en tly  a re  v e ry  eas ily  d e fo rm ed  a n d  
possess v e ry  l i t t le  re s is ta n c e  t o  a b ra s iv e  w ear. 
D esp ite  th e se  d isa d v an tag e s , i t  is th e  w r i te r ’s con
te n tio n  t h a t  th e r e  a re  a  g r e a t  m an y  m o re  a p p li
c a tio n s  fo r  th ese  alloys, e sp ecia lly  w ith  a  z inc  
o o n te n t of fro m  15 to  30 p e r  c e n t .,  th a n  is u su a lly  
a p p re c ia te d . T h e  g r e a t  need  fo r  re d u c in g  th e  
w o rld ’s co n su m p tio n  o f t in  in  o rd e r  to  b r in g  dow n



t i e  p r ic e  to  a  reaso n a b le  level should  re n d e r  one 
co n se rv a tiv e  in  th e  u se  of th is  e lem ent.

The Hardness of Bronze and Brass.
T he b in a ry  cop p er t in  alloys a re  fa ir ly  ex ten - 

sively  used  especially  i f  one includes th ose  in  which 
p h o sp h o ru s is  p re se n t also. T in  h a s  a  m uch

0  /O 20 JO 4-0
P e r c e n t a g e  t //v  o e  z /n c

F i g . 1 .— C o m p a r a t iv e  H a r d n e s s  o p  S a n d - 
C a s t  C o p p e r  Z in c  a n d  C o p p e r  T i n  A l l o y s .

nesses of copper, z inc , a n d  copper t in  alloys in  
th e  com m ercial ran g es . M oreover, a p a r t  from  
th e  g e n e ra l h a rd n e ss  figu re , th e  c o n s titu tio n a l 
d ifference b e tw een  th e  b rasses an d  th e  bronzes 
re n d e r  th e  l a t t e r  m u ch  m ore v a lu ab le  fo r re s is tin g
w ear. .

The b rasses w ith in  th e  ra n g e  u n d e r co n sid era 
tio n  co m p rise  a m e ta l b u i lt  u p  of c ry sta ls  of p rac 
tic a lly  u n ifo rm  com position an d  h a rd n ess  th ro u g h 
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o u t ,  a s w ill 'be seen in  F ig . 2, w hich  is  a  p h o to 
m ic ro g rap h  o f a  sa n d  o a s t 20 p e r  cen t, z inc-copper 
alloy  a t  a  m ag n ifica tio n  of 100 d ias . O n th e  o th e r  
h a n d  t in  b ronzes w ith  fa ir ly  la rg e  a m o u n ts  of t in  
h a v e  a  q u ite  d iffe re n t s tru c tu re .

U p to  7 o r 8 p e r  cen t, t i n  in  a  sa n d -c a s t alloy 
th e  s t r u c tu r e  is e ssen tia lly  th e  sam e  as a  b rass ,
i .e .,  b u ilt  u p  of hom ogeneous c ry s ta ls  a l l  o f  th e  
sam e v a r ie ty , b u t  h a rd e r  th a n  th o se  in  a  c o p p e r - 
z inc  a lloy  c o n ta in in g  a n  e q u iv a le n t a m o u n t o f zinc.

A bove 7 or 8 p e r  cen t, t in  a  new  c o n s titu e n t  
m akes i ts  a p p ea ran c e , w hich  is m e ta llo g rap h ic a lly  
know n a s  th e  b e ta  e u te c to id  o r com plex.

T h is  c o n s t itu e n t  v a rie s  s lig h tly  in  com position  
in  d if fe re n t alloys, a n d  th e  p o in t  a t  w hich i t  
m akes i ts  a p p e a ra n c e  d ep en d s on th e  o th e r  co n 
s t i tu e n ts  p re se n t a n d  th e  m eth o d  o f c a s tin g  a n d  
cooling th e  alloy . T hese c ry s ta ls  a re  in te n se ly  
h a rd , a n d  h av e  a  h a rd n e ss  a p p ro x im a te ly  n in e  
tim es t h a t  o f copper. T h e  p ro p o r tio n  o f th is  con
s t i tu e n t  p re se n t  v a rie s  o f co u rse  w ith  th e  t in  
c o n te n t. W ith  a  sim p le  t in  b ro n ze  o f a b o u t  16 p e r  
cen t, t in  th is  c o n s t itu e n t  fo rm s a b o u t 20 p e r  cen t, 
o f th e  to ta l  alloy. I t  is  th is  c o n s t i tu e n t  w hich  
g ives th e  b ro n zes th e i r  good re s is tan c e  to  ab ras io n  
a n d  th e i r  excellence as. b e a r in g  m eta ls .

F ig . 3 shows a p h o to m ic ro g rap h  a t  100 d ia s . of 
a  sim ple  b ro n z e  c o n ta in in g  16 p e r  cen t. t in .  T h e  
m o ttle d  n e tw o rk  is  t h e  b e ta  com plex in  a m a t te r  
of a  so lid  so lu tion  in  cop p er c o n ta in in g  a b o u t 
7 p e r  cen t. t in .  T h e  B r in e ll h a rd n e ss  of th is  alloy 
in  th e  c a s t  s ta te  is 120, th e  c o p p e r- tin  so lid  so lu
t io n  h a v in g  a  h a rd n e ss  o f a b o u t 55, w h ils t p u re  
c a s t  copper is ab o u t 40.

Gun-Metal Alloys.
P e rh a p s  t h e  b e s t know n  o f th e  te r n a r y  alloys— 

th e  g u n -m etk ls—is  A d m ira lty  g u n -m e ta l c o n sis tin g  
of 88 p e r  cen t, copper, 10 p e r  cen t, t in  a n d  2 p e r  
cen t, o f z inc. T h e  A d m ira l ty  sp ec ifica tio n  fixes th e  
m in im u m  t in  c o n te n t  ait 10 p e r  c e n t . ,  w ith  m a x i
m um  im p u rit ie s , o th e r  th a n  z inc , o f 0 .5  p e r  cen t, 
w hich is g e n e ra lly  in te rp re te d  to  m ean  lead

T h e  p hysical te s ts  re q u ire d  by  th e  G o v e rn m en t 
in  th is  c o u n try  a re  14 to n s  te n s ile  w ith  n o t  less 
th a n  7 p e r  cen t, e lo n g a tio n .

T hese  p h y sica l t e s t  r e q u ire m e n ts  a re  q u ite  low,
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a n d  no  fo u n d e r whose su pp lies a re  n o rm al an d  
whose m e ltin g  p ra c tic e  is a n y th in g  ap p ro ach in g  
good should  fa il  to  m ee t them . A good fo u n d ry  
w o rk in g  o n  th ese  b ronzes w ill a v e ra g e  a ten s ile  

's t r e n g th  s lig h tly  over 16 to n s  p e r sq. in ., an d  an  
e lo n g a tio n  of 15 p e r  c e n t. I t  is q u ite  possible 
w ith  a  m odicum  of c a re  to  o b ta in  over 20 to n s 
te n s ile  s t r e n g th  w ith  m ore  th a n  20 p e r cen t, 
e lo n g a tio n  in  o rd in a ry  san d -cas t bars.

A fo u n d ry  w ith  w hich  th e  w r i te r  h as been  con
n e c ted  a v erag ed  16.96 to n s  a n d  17.8 p e r  cen t, 
e lo n g a tio n  on 137 te s t  b a rs , m any  of w hich were 
ca s t on  th e  job  or m ach ined  from  th e  a c tu a l c a s t
ings. T h e  B rin e ll h a rd n ess  fo r A d m ira lty  gun- 
m e ta l should  n o t be less th a n  60 on av erag e  sec
tio n s , i .e .,  f  to* 1-J in . th ick n ess  o f m etal.

Influence of Re>meiting.
I t  is o f te n  am u sin g  to  n o te  th e  p r id e  w ith  which 

m an y  b ra ssfo u n d e rs  a d v e r tise  th e  fa c t th ey  use 
on ly  v irg in  m eta ls  in  th e  p ro d u c tio n  of th e ir  gun- 
m eta ls .

I t  is an  u n d o u b ted  fa c t  t h a t  tw ice-m elted  m eta l 
g ives m uch  so u n d e r a n d  s tro n g e r  cas tin g s  th a n  
v irg in  m eta l. I t  is  a d e fin ite  ru le  in  th e  fo u n d ry  
w ith  w hich  th e  w r i te r  is co n nected  n ev er to  exceed 
o n e -th ird  v irg in  m ix  in  th e  gun-m eta ls . H eavy  
s c ra p  is  m u ch  b e tte r  th a n  v irg in  m e ta l p rov ided  
th e  com position  is c o rrec t. P ro b ab ly  th e  b est 
m ix in g  fo r o rd in a ry  fo u n d rie s  who consum e th e ir  
ow n m achine-shop  sc rap  is o n e -th ird  v irg in , one- 
th i r d  'heads a n d  r u n n e rs  an d  o n e -th ird  re -m elted  
bo rin g s. I t  is n e v er sa fe  p ra c tic e  to  use  a n  a p p re 
c iab le  q u a n ti ty  o f b o rin g s  in  gun-m eta ls  w ith o u t 
first re -m e ltin g  an d  in g o ttin g , n o r is i t  econom ical 
in  th e  long  ru n .

T he o rd in a ry  120- o r  150-lb. p o t is n o t su itab le  
fo r m e ltin g  b o rings, a n d  th e  le n g th  of th e  h e a t  
is u n d u ly  p ro lo n g ed  an d  considerab le  su rface  
o x id a tio n  of th e  b o rin g s ta k e s  p lace  befo re  th ey  
a r e  m elted . T he golden ru le  in  all b rass-foundry  
p ra c tic e  is to  m elt r a p id ly  an d  avoid  ox id a tio n .

M ore tro u b le  is  caused  by “  s tew ing  ”  m e ta l and  
m eltin g  u n d e r  o x id is in g  co n d itio n s th a n  is usua lly  
a p p rec ia ted . W o rk in g  on  th e  o rd in a ry  p it-fire  
fu rn a c e  a 150-lb. p o t o f g u n -m eta l should  n o t be 
in  th e  fu rn a c e  lo n g er th a n  lg  hours. I t  is no
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uncom m on th in g  to  find  fo u n d rie s  ta k in g  2-| h o u rs  
to  g e t  th is  w e ig h t of m e ta l dow n, a n d  a n  in f in ite  
a m o u n t of t ro u b le  m ay  h e  ex p erien c e d  fro m  th is  
cau se  a lone , especially  w hen  w o rk in g  o n  m ore  
sen sitiv e  a llo y s th a n  A d m ira lty  m e ta l.

Liquation Troubles.
I n  h e av y  c a s tin g s  o f  A d m ira lty  g u n -m e ta l,  

tro u b le  is som etim es ex p erien c e d  d u e  to  liq u a -

F i g . 2 .— A d m i r a l t y  G u n  M e t a l ,  S l o w l y  
C o o l e d ,  S h o w i n g  E u t e c t o i d  S e g r e g a t i o n  
E t c h e d  ( N H jH O  +  1 I20 2, M a g n i f i e d  
1 0 0  D i a s .

t io n  o f th e  e u te c to id . T h a t  is, th e  e u te c to id  
d ra in s  aw ay fro m  th e  h e a v ie s t p o r tio n  o f th e  
ca s tin g , leav in g  i t  p o ro u s. A n o th e r t ro u b le  t h a t  
is e x p erien ced  w ith  h eav y  sec tio n s is  t h a t  in  th e  
slowly-cooled p o rtio n s  o f th e  c a s tin g  th e  e u te c to id  
fo rm s a  n e tw o rk  o f fa ir ly  la rg e  m asses o f th e  
m e ta l w hich  co n sid erab ly  re d u ce s  th e  s t r e n g th  of 
th e  m e ta l a n d  m ak es i t  v e ry  b r i t t le .  I n  ra p id ly - 
cooled g u n -m e ta l, th e  e u te o to id  is  d isp e rse d  in  
fine p a rtic le s , a n d  is p re se n t  in  a  less q u a n ti ty .  
B o th  these  tro u b le s  c a n  be  co n sid erab ly  re d u ce d
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by p a y in g  p ro p e r a t te n tio n  to  m ould ing  a n d  c a s t
in g  co n d itio n s. G reen -san d  m oulds should  be 
used w h erever possible, a n d  ve ry  close a tte n tio n  
should  be p a id  to  th e  te m p e ra tu re  a t  which th e  
m eta l is p o u red . T he p r im a ry  so lid ification  of 
A d m ira lty  g u n -m e ta l se ts in  a t  995 deg. O. +  o r 
— 5 deg. C. T h e  c o rrec t c a s tin g  te m p e ra tu re  
v aries, o f  course , w ith  th e  section  o f th e  cas tin g  
an d  th e  m eth o d  of m o u ld in g , i .e .,  g reen - o r  dry- 
sand . I t  is  u su a l, w ith  all alloys, fo r  m ost foun- 
d ry m en  to  e r r  on th e  h ig h  s id e  r a th e r  th a n  th e  
low. T h is  is u su a lly  especially  e v id e n t w hen a 
f a i r  n u m b er of boxes hav e  to  be c a s t u p  from  
on e  p o t  of m e ta l an d  th e  bogey o f sh o rt  ru n s  
looms h ig h .

I t  m ay  be  ta k e n  as a  f a i r  av erag e  th a t  i t  is 
im possib le to  c a s t m ore  th a n  e ig h t boxes w ith  one 
p o t of m e ta l  a n d  h av e  th e  re q u is ite  m echanical 
p ro p e rtie s  in  th e  cas tin g s  in  each  box.

D u r in g  th e  w ar i t  was g en era lly  n o ticed  th a t  
th o se  fo u n d r ie s  w hich  h a d  m ost difficulty in  
m ee tin g  G o v ern m en t Specifications w ere those  who 
w ere u s in g  la rg e  m eltin g  crucibles in  p it-fire  
fu rn aces . I t  is fa lse  econom y to  use in  th is  ty p e  
o f fu rn a c e  la rg e  c ruo ib les w hen th e  m a jo rity  of 
w ork  is lig h t. B y t h a t  is m e a n t t h a t  using  200- 
a n d  250-lb. p o ts  fo r w o rk  which ru n s  10 to  15 lbs. 
of m e ta l to  th e  box. W hen  th is  is done 
i t  n e ce ss ita te s  p o u rin g  th e  f irs t box a t  from  
1,290 to  1,330 deg. O. in  o rd e r  to  have  
th e  m e ta l sufficiently  flu id  to  ru n  th e  la s t  
box. T he b e s t re su lts  fo r l ig h t  w ork and 
using  o rd in a ry  p it-fire  fu rn aces  a re  ob ta in ed  when 
100- a n d  120-lb. c ru cib les a re  used, t h a t  is, when 
crucib les a re  u sed  h o ld in g  sufficient m eta l to  ru n  
six o r seven boxes a t  th e  m ost.

Casting Temperature.
T he c a s tin g  te m p e ra tu re  fo r  A d m ira lty  gun- 

m eta l shou ld  n e v e r exceed 1,200 deg. O. fo r all 
no rm al w ork, a n d  should  p re fe ra b ly  be lower. The 
w rite r  h a s  c a s t  som e to n s  of fa ir ly  sm all lig h t- 
sectioned  cas tin g s  (5 in . to  f  in . th ick ) a t  1,110  
deg. C. to  1,140 deg . C. w ith  exce llen t re su lts . 
B a rs  c u t  fro m  th ese  c a s tin g s  re g u la r ly  show over 
19 to n s te n s ile  s t re n g th  an d  18 to  22 p e r  cen t, 
e longation .

No p a p e r  on g u n -m eta l w ould be com plete w ith o u t
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som e re fe re n c e  to  th e  re m a rk a b le  in c re ase  in  d u c 
t i l i ty  w hich accom pan ies th e  a n n e a lin g  o f th ese  
c a s tin g s . T his f a c t  w as f irs t  b ro u g h t in to  p ro m i
n en ce  by th e  b ro th e rs  P r im ro se . A d m ira lty  g u n - 
m eta l c a s tin g s , a f te r  a n n e a lin g  a t  650 to  700 deg. 
C ., o f te n  show a n  in c re a se  in  d u c ti l i ty  of 100 p e r  
cen t. T h is  d u c ti l ity  is d u e  to  th e  a b so rp tio n  of 
th e  e u te c to id  p re se n t— th e  m icroscopic a p p e a ra n c e  
a f te r  a n n e a lin g  b e in g  a  s in g le  so lid  so lu tio n .

T h e  g e n e ra l h a rd n ess  of th e  m e ta l is  n o t  a p p re 
c iab ly  a lte re d , b u t  of co urse  th e  m e ta l i s  hom o
g en eo u s , i .e .,  i t  co n sis ts  of c ry s ta ls  a ll o f th e  
sam e h a rd n ess , n o t  as p rev io u sly  of sm all in te n se ly  
h a rd  c ry s ta ls  em bedded  in  a  so f te r  m a t r ix .  T h is  
ty p e  of s t r u c tu r e  is  n o t a lw ays d es irab le , especi
a lly  in  w ork  to  re s is t  a b ra s io n , a n d  i t  m ay  be  sa fe ly  
sa id  t h a t  b e a rin g s  o f p a r ts  s u b je c t  to  f r ic t io n a l  
w ear should  n e v e r  b e  so t r e a te d .  F o r  o rd in a ry  
c a s tin g s  a n n e a lin g  is o f g r e a t  v a lu e , a n d  especi
a lly  fo r  c a s tin g s  in  th is  alloy  fo r  p re s su re  w ork  

w here  t ro u b le  is ex p erien c e d  w ith  po ro u s sec tions. 
T he effect of a n n e a lin g  is  to  r e n d e r  th e  m e ta l m u ch  
closer an d  a b le  to  s ta n d  liq u id  p re s su re  w ith o u t  
leak in g .

Allied Alloys.
A lth o u g h  A d m ira lty  g u n -m e ta l h a s  been  d e a lt  

w ith  a t  som e le n g th  ow in g  to  i t s  im p o r ta n t  p o s i
t io n  in  th e  e n g in e e r in g  in d u s try ,  i t  is th e  w r i te r ’s 
o p in io n  t h a t  th e  v a lu e  o f th is  a lloy  is c o n s id e r
ab ly  o v e r-ra te ^ . T h e  close a d h e re n c e  of th e  

G o v e rn m en t D e p a r tm e n ts  to  th is  p a r t ic u la r  alloy 
h as led  to  i ts  p o p u la r i ty  w ith  e n g in e e rs  in  g e n e ra l, 
b u t  i t  is  m o re  th a n  c e r ta in  t h a t  v e ry  few  b rass- 
fo u n d e rs  w ould  p re fe r  to  w o rk  th is  a lloy  if  le f t  
w ith  a  free  h a n d .

As a b e a r in g  m e ta l a n d  to  r e s is t  a b ra s io n  i t  is 
u n d o u b ted ly  in fe r io r  to  p h o sp h o r b ro n ze , a n d  th e  
sam e m ay  be  sa id  r e g a rd in g  i t s  re s is ta n c e  to  
co rrosion .

W h ere  th ese  tw o q u a litie s  a re  n o t re q u ire d  th e  
sam e  s t re n g th  a n d  m u ch  g re a te r  d u c ti l i ty  c an  be 
o b ta in e d  w ith  g u n -m eta ls  low er in  t in  a n d  h ig h e r  
in  zinc. A lloys w ith  a  low er t in  c o n te n t  a n d  
h ig h e r  zinc  a re  m uch  e as ie r  to  w ork  in  t h e  fo u n d ry  
a n d  less liab le  to  l iq u a tio n , se g re g a tio n  a n d  
p o ro sity  tro u b le s.

Q u ite  a n o ticeab le  im p ro v e m en t w ith  re g a rd



to  s t re n g th  an d  ease  o f w o rk in g  in  th e  fo u n d ry  
o an  b e  effected  by re d u c in g  th e  t in  c o n te n t to  
9 p e r  c en t., a n d  in c re a s in g  th e  zinc to  3 p e r cen t. 
T h e  q u a n ti ty  of eu te c to id  is, of course, lessened, 
b u t  th e  g e n e ra l h a rd n ess  is th e  sam e as t h a t  of 
s ta n d a r d  m ix in g . T he a v erag e  ten s ile  s tre n g th  
is h ig h e r , a n d  no  d ifference is observab le  in  th e  
y ie ld  p o in t. T he e lo n g a tio n  is m ate ria lly  
im p ro v ed , a n d  th e  m e ta l is m ore hom ogeneous,
i .e .,  less v a r ia tio n  is ex p erien ced  in  l ig h t and  
heavy  sections o f a cas tin g .

F i g . 3 .— Tin  B ronze (16 P er Cen t .) E tched 
w it h  A m m o n ium  P ersulphate , M agnified  

• 100 D ia s .

A very  good serv iceab le  b ronze o f g re a t  to u g h 
ness is one c o n ta in in g  8.8 copper, 0.5 t in ,  0.5 lead 
a n d  5 p e r  cen t, z inc, w hich will g ive 18 tons p er 
sq. in . ten s ile , 8 to n s y ield  p o in t, 45 p e r cen t, 
e lo n g a tio n  an d  B rin e ll h a rd n ess  of 60. This 
b ronze w ill g iv e  b e t te r  o r a t  le a s t as good service 
as th e  m ore  d ifficult an d  expensive A d m ira lty  
g u n -m eta l in  all cases w here no- b e a rin g  su rface  
o r no  re s is tan c e  to  corrosion is req u ired . I t  
should  be c a s t a t  a h ig h e r  h e a t th a n  A d m iralty  

gun '-m etal th o u g h  n e v er above 1,225 deg. C.



386

Gun-Metal for Pressure Work.
O ne o f t h e  g r e a t  calls fo r  b ro n ze  c a s tin g s  is  fo r  

sm all p a r ts  to  re s is t  liq u id  o r  gaseous p re ssu re . 
T h e  com position  o f th e  alloys used  fo r  th is  w ork  
o f te n  v a ry  som ew hat, b u t  a l l  o f th e m  c o n ta in  a  
p ro p o rtio n  o f lead . L e a d  is  o f co n sid e rab le  

v a lu e  w h ere  so u ndness a n d  freed o m  fro m  p o ro s ity  
a re  p r im a ry  re q u ire m e n ts , an d  i t  a lso g re a t ly  
f a c i l i ta te s  m ac h in in g  o p e ra tio n s  a s  is w ell know n. 
T h a t  p o r tio n  of th e  alloy  c o n ta in in g  lead  is th e  
la s t  to  so lid ify , a n d  th e re fo re  fills in  th e  crev ices 
claused b y  th e  n a tu r a l  s h r in k a g e  o f t h e  h ig h  
m e ltin g  p o in t c o n s t itu e n ts  o f  th e  a lloy . A ty p ic a l 
com p o sitio n  o f g u n -m e ta l fo r  p re s su re  w ork  is 
cop p er 88.56, t i n  5.11 z in c  3.07, a n d  le a d  3.23 p e r  
c en t. I t  gave  16.16 to n s  p e r  sq. in . te n s ile , 7.36 

to n s  o f y ie ld  p o in t,  27.5 p e r  cen t, e lo n g a tio n , a n d  
a  B r in e ll h a rd n e ss  o f 43. T h e  u su a l  com p o sitio n  
o f g u n -m e ta l T or p re s su re  w o rk  lie s  w ith in  th e  
fo llow ing  r a n g e : — C o p p e r, 84 to  9 0 ; t in ,  3 to  8 ;  
lea d , 1.5 to  7 .5 ; a n d  z inc , 3 .5  to  7 .5  p e r  cen t. 
A ll th e  alloys w ith in  th is  r a n g e  c a n  be  m ad e  to  
give ex ce llen t re su l ts  fo r  th is  c lass o f w ork . T h e  
com position  is v a r ie d  to  g iv e  som e p a r t ic u la r  
c h a ra c te r is tic  o r  c o m b in a tio n  of c h a ra c te r is tic s  
fo r  th e  w ork  in  h a n d . H ig h  t in -c o n te n t  g iv es 
stiffness a n d  h a rd n ess  w ith  co n seq u en tly  less r a p id  
m ach in in g . T h e  lead  g ives e asy  , m a c h in in g  a n d  
so ftn ess p ro p o rtio n a l to  th e  a m o u n t p re se n t ,  a n d  
zinc a id s  c a s tin g  u p  to  a  c e r ta in  p o in t.  W ith  
h ig h  le a d -c o n te n t t ro u b le  m ay  be ex p erien c e d  w ith  
lead  se g reg a tio n s  if  t h e  c a s tin g s  a re  h e av y  a n d  in  
such  cas tin g s th e  lead  shou ld  ¡be re d u ce d  to  2 o r  
3 p e r  cen t. I t  m ay  be sa id  t h a t  in  a ll p re ssu re  
w ork  th e  c a s tin g  te m p e ra tu re  is  o f  v i ta l  im p o r
ta n c e . T he b e s t a n d  m ost econom ica l p ro c ed u re  
w hen c a s tin g s  of a  new  desig n  a r e  s t a r te d  is  to  

c a s t fo u r  o r  five boxes a t  d iffe re n t te m p e ra tu re s  
an d  follow th ese  th ro u g h  th e  shops b e fo re  a n y  
m ore  a re  c a s t  an d  a f te rw a rd s  b re a k  th e se  u p  a n d  
e x am in e  th e  f ra c tu re s .

Gating Castings.
F re q u e n tly  also th e re  is o n e  p lace  a n d  o ne  

p lace  on ly  successfu lly  to  g a te  a  c a s tin g , a n d  
c a re fu l a n d  log ica l d e d u c tio n s  sho u ld  be  d ra w n  
from  reco rd ed  p a s t  e x p erien ce  a n d  th e  m o u ld er



337

p ro p e rly  in s tru c te d  an d  n o t le f t  to  use  h is own 
ju d g m e n t. This, by th e  way, is n o t in te n d e d  as 
a s lu r  o n  th e  b rass  m ou lder. I t  is obvious t h a t  
th e  a c tu a l  m o u ld er c a n n o t be expected  to  fo rm  a 
c o rre c t o p in io n  ¡regard ing  th e  b est m ethod  of 
g a tin g  a c a s tin g  w ith o u t th e  fu lle s t know ledge of 
th e  p a s t  p e rfo rm an ces  o f such cas tin g s u n d e r  te s t  
p re ssu re  w hen g a te d  in  v a rio u s ways.

Instruments Necessary.
W ith  re fe re n ce  to  c a s tin g  te m p e ra tu re , i t  m ay 

be sa id  t h a t  one o f th e  g re a te s t  a id s  to  successful 
b rass  fo u n d in g  is th e  in te llig e n t use of a p y ro 
m e te r. I t  is  rea lised  t h a t  only  a  co m p arativ ely  
sm all p e rce n ta g e  o f b rass  fo u n d ries  in  th is  co u n try  
can  afford  to  m ake  fu ll analyses an d  physical te s ts  
of th e i r  c as tin g s. T h ere  a re  tw o in s tru m e n ts  
w hich c an  ibe used  to  g ive  in fo rm a tio n  a n d  build  
u p  ex p erien ce  o f th e  u tm o s t value . T hese a re  th e  
p y ro m e te r  a n d  th e  b a ll h a rd n ess  te s t. 
U n d o u b ted ly  th e  on ly  possib le ty p e  of th e  fo rm er 
fo r  a  b ra ss  fo u n d ry  is th e  base  m eta l b a re  th erm o 
couple  w ith  a  ro b u s t in d ic a to r . One th e rm o 
couple  will g iv e  50 to  80 re ad in g s  w ith  o rd in a ry  
use. T he cost of th e  in s tru m e n t is ab o u t £16.

T h e  w r ite r  recen tly  checked on e  of th ese  in s tru 
m en ts  w hich has been in  c o n s tan t u se  fo r two 

y ears  in  a fo u n d ry , a n d  th e  m axim um  e rro r  over 
th e  ra n g e  was fo u n d  to  Be 5 deg. C.

R e g a rd in g  th e  b a ll h a rd n ess te s te r ,  one of th e  
m ost u sefu l an d  in expensive  ty p es  is th e  h a n d  
m ach in e  o p e ra te d  by  a  heav y  sp rin g . T h is  in s t ru 
m e n t costs ab o u t £ 9 , a n d  gives an  im pression 
so m ew hat s im ila r  to  t h a t  g iv en  w ith  a  750 kilos 
a n d  10 m m. ball in  th e  s ta n d a rd  m achine. In  
fa c t, th e  ty p e  of in s t ru m e n t  is decidedly m ore 
use fu l in  a  b rass fo u n d ry  th a n  th e  b ig  m achine, 
as one can  check th e  h a rd n ess  of jobs a n y  size 
and  in  an y  p lace.

W ith  a p y ro m e te r, a  h a rd n ess  te s t,  a s tu d y  of 
f ra c tu re s  a n d  bend  te s ts , i t  is possible to  bu ild  
up  a  know ledge of b rass-fo u n d in g  m e ta llu rg y  of 
th e  g re a te s t  p ra c tic a l va lue . E veryone  knows 
t h a t  i t  is n o t th e  cost of lab o u r o r m a te ria ls , b u t 
th e  w aste rs  w hich  e a t  u p  th e  p ro fit, an d  w asters 
can  o n ly  be e lim in a ted  by ca re fu l s tu d y  and  
sta n d a rd ise d  co n d itio n s of p rac tice .



DISCUSSION.
M b. J ackson ask ed  w h a t  m ea su re s  sh o u ld  be 

ta k e n  to  g e t  h o m o g en e ity  o f th e  m e ta l. B y t h a t  
h e  m e a n t how to  e n su re  t h a t  in  a  n u m b e r o f  sm all 
c a s tin g s  on  a p la te  th e  f irs t c a s tin g  h a d  th e  
sam e co m p o sitio n  a s  th e  la s t.

M b. R owe re p lied  t h a t  if  d u e  c a re  w as t a k e n  
a n d  th e  p o t  w ell s t i r r e d  u p  im m e d ia te ly  b e fo re  
c a s tin g  h e  d id  n o t  th in k  i t  lik e ly  t h a t  th e r e  w ould 
be an y  a p p re c ia b le  v a r ia t io n  b e tw een  th e  to p  an d  
b o tto m  off a c a s tin g  o r  b e tw een  th e  f irs t a n d  la s t  
c a s tin g  in  a p la te  bo x . S o m etim es t ro u b le  d id  
o ccu r w hen  th e  p e rc e n ta g e  o f  lea d  w as h ig h , say  
8 o r  9 p e r  c e n t. T h is  cou ld  be  a v o id e d  joy well 
s t i r r in g  th e  p o t  im m ed ia te ly  p r io r  t o  p o u r in g  a n d  
e a s tin g  a t  t h e  c o rre c t te m p e ra tu re .

M e . J ackson  sa id  t h a t  to  s t i r  u p  t h e  p o t w hen 
i t  w as in  th e  fire  w as a n  u n p le a s a n t  jo b . H e  h a d  
seen th e  p ra c t ic e  o f  s t i r r in g  in  th e  fire  a d o p te d  
b u t  h e  d id  n o t  l ik e  i t .

M b . R owe : I t  is  n o t  n e ce ssa ry  to  s t i r  in  th e  
fire.

M b. J ackson : W h en  th e  p o t is  d ra w n  i t  re q u ire s  
a  g r e a t  d e a l o f  s t i r r in g  to  g e t  a  th o ro u g h  m ix in g  
un less som e sp ec ia l m e th o d s  a re  a d o p te d .

M b . R owe sa id  he  d id  n o t  th in k  h e  co u ld  a g re e  
w ith  t h a t ,  as he  h a d  h a d  as m a n y  a s  20 o r  30 
ca s tin g s  o n  a  p la te  of o rd in a ry  b ro n z e  (5 
t in ,  5 z inc , a n d  5 p e r  c e n t,  le a d ) , a n d  
th e re  h a d  n e v e r  been  a n y  a p p re c ia b le  v a r ia t io n  
b e tw een  th e  f ir s t  a n d  th e  la s t .  W ith  a  h e a v y  p e r 
c en tag e  o f lead , if  i t  is c a s t  too  h o t  a n d  th e  m e ta l 
is m o lten  a  c o n s id e ra b le  ,tim e, i t  a llow s t im e  fo r  
th e  lead  to  se g reg a te .

The Utility of Fluxes.
M b . P eel  a sk ed  w h a t  flux  M r. R ow e u sed  a n d  

th e  q u a n t i ty  p e r  cw t.
M b . R owe sa id  in  th e  fo u n d ry  h e  w as c o n n ec te d  

w ith  th e y  a lw ay s m e lted  o n ly  u n d e r  c h a r c o a l ; he  
th o u g h t t h a t  w as n ecessa ry , b u t  th e y  d id  n o t  use  
a n y  flux. Som e peo p le  a d h e re d  to" t h e  p ra c t ic e  
of f lu x in g , b u t  th e re  w ere  v e ry  feiw ¡alloys w here  
i t  w as re q u ire d  a n d  th e se  sp ec ia l cases." M a n y  
n a te n t  fluxes h a d  been  p laced  on th e  m a rk e t,  b u t  
h is  e x p e rien c e  w as t h a t  th e y  d id  n o t  m ak e  an v  
a p p rec ia b le  d ifference .
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M r . P ell s a id  in  a sk in g  th e  q u estio n  he h a d  
in  m in d  th e  m eltin g  of n o n -fe rro u s  alloys, 
w h e th e r th e  fluxes w ere w o rth  b u y in g  fo r  t h a t  
p u rp o se  o r  no t.

M r .  R o w e  : T h e re  a re  o n e  o r tw o spec ia l alloys 
— alu m in iu m  alloys fo r in s tan ce— w here  th e y  are  
of c o n sid e rab le  v a lu e , b u t  fo r  th e  o rd in a ry  ru n  of 
g u n  m e ta l o r  p h o sp h o r b ro n ze  th ey  a re  of n o  use 
a t  a ll.

R ep ly in g  to  M r. D e rb y sh ire , M r . R owe sa id  in  
m a k in g  A d m ira lty  g u n  m e ta l th e re  w as a  s lig h t 
a d v a n ta g e  in  a d d in g  z inc  b e fo re  t in .  The 
th e o re tic a l  re a so n  w as t h a t  a lth o u g h  m elted  u n d e r 
ch arco a l, a  c e r ta in  am o u n t of o x id e  was g en era lly  
p re se n t. I f  th e  t in  w as ad d ed  first th e  t in  would 
deo x id ise  th e  co p p er. T in  o x id e  was v ery  sluggish  
a n d  d id  n o t  r ise  to  th e  to p  to  be sk im m ed off 
n e a r ly  as ra p id ly  as z inc. T h ere  w as j u s t  a  fe a r  
if  th e  t in  iwas ad d ed  f irs t a n d  i t  d id  som etim es 
h a p p e n —t h a t  c ry s ta ls  of t in  oxide would become 
em b ed d ed  in  th e  m eta l, a n d  t in  ox id e  wias th e  
w orst possib le c o n s t itu e n t  one cou ld  h av e  in  a 
b ro n ze  c a s tin g . I t  w as a b o u t tw ice  as h a rd  as 
th e  h a rd e s t  c ry s ta ls  in  a  h a rd e n e d  too l steel, and 
in  a  b e a r in g  w ould score an y  jo u rn a l.

Phosphor Bronze Mixtures.

M r . Glover a sk ed  th e  a u th o r  to  g ive an  
a p p ro x im a te  m ix tu re  f o r  pho sp h o r b ronze fo r  
g e n e ra l use, as i t  w as n o t  o ften  m en tio n ed  in  th e  
te x t  hooks.

M r . R o w e : T he m ost g e n e ra l m ix tu re  fo r phos
p h o r b ro n z e  is  90 c o p p er an d  10 p e r cen t, phosphor 
t in ,  w hich  g iv es a  m e ta l th e  com position  of which 
a p p ro x im a te ly  is copper, 90 ; t in ,  9 .5 ; an d  phos
p h o ru s, 0.5 p e r  cen t.

Mr . J .  B ejscropt : I s  th e re  any  a d v an tag e  in 
u s in g  p h o sp h o r-tin  in s tea d  of phosp h o ru s in 
m ak in g  a  h e av y  b e a r in g ?

M r . R owe sa id  if  s tick  p h o sp h o ru s w as used 
th e re  w as a  r is k  of a  p y ro tec h n ic  d isp lay  and  
in ju ry  to  th e  m en , a n d  th e re  w as no  a d v a n ta g e  
in  u s in g  i t  w hen i t  w as ju s t  as easy  to  ge t 
ph o sphor-copper o r  p l io s p h o r- tin ..

M r . B eecroft : I f  one m akes a phosphor-bronze 
c a s tin g , p h o sp h o ris in g  i t  oneself, an d  in a  few
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y e a rs  t h a t  c a s tin g  is r e tu r n e d  a n d  re m e lte d , is 
th e  phosiphor b ro n ze  th e  sam e?

M b . R ow e e x p la in e d  t h a t  th e r e  w ould  be a  
s lig h t loss o f p h o sp h o ru s  th ro u g h  o x id a t io n . S u p 
posing  th e  c a s tin g  h a d  c o n ta in e d  0.5 p e r  c e n t,  
p h o sp h o ru s , th e  loss w ou ld  be a b o u t  0 .1  p e r  c e n t, 
p h o sp h o ru s .

M e. B eecroft : I t  h as  ceased  to  be a  g e n u in e  
p h o sp h o r b ronze.

M r . R o w e  : I f  a  l i t t le  p h o sp h o ru s  is a d d e d  to  
m ak e  u p  . th a t  loss on  o x id a tio n  e x a c tly  t h e  sam e 
th in g  is  p ro d u ced . I n  f a c t ,  if  v i r g in  m eta l^  is 
o r ig in a l ly  u se d  a n d  is  th e n  re m e lte d , i t  w ill g iv e  
a  so u n d e r m e ta l. I n  f u r th e r  e x p la n a tio n  M r. 
R ow e s a id  if  s t ic k  p h o sp h o ru s  w as d a m p  w h en  p u t  
in  th e  p o t, o r  i f  n o t  p u t  w ell undter th e  m e ta l,  i t  
w ould sp la sh  a n d  p ro b ab ly  b u r n  th e  o p e r a to r ’s 
h a n d , a n d  a  p h o sp h o ru s  b u r n  w as th e  h a r d e s t  b u rn  
to  c u re . T h e re  w as no n e ce ss ity  to  t a k e  such  a 
r isk  w hen  m a n u fa c tu re r s  w ere  m a k in g  to n s  o f 
p h o sp h o r- tin  ev ery  d ay , m u ch  b e t t e r  a n d  m ore  
ch eap ly  th a n  th e  fo u n d ry m a n  co u ld  "do i t  h im se lf , 
a n d  q u ite  ■ th e  sam e re su lts  cou ld  b e  g o t  m u ch  
m ore e a s ily  t h a n  w ith  p h o sp h o ru s .

M r . B eecroft sa id  h e  fa ile d  to  see  t h a t  th e re  
w as a n y  g ra v e  r is k  in  u s in g  p h o sp h o ru s .

M r . 'R owe s a id  h e  h a d  kn o w n  p eo p le  b u rn e d  by 
i t  an d  he th o u g h t  th e  r i s k  w as c o n s id e ra b le . I t  
ig n ite d  a t  40 deg . C. a n d  w as lia b le  to  h u r s t  in to  
su d d en  flam es.

Types of Furnaces.
Th e  Chairman asked  w h a t w as th e  h e s t  m e th o d  

of m e ltin g ?
M r . R owf. sa id  th e re  w as n o th in g  b e t t e r  th a n  

th e  o rd in a ry  p it- f ire  fu rn a c e  fo r  sm a ll p a r t s  such 
as w ere  g e n e ra lly  m ad e . I n  100- to  '200-lb. p it- f ire  
fu rn ac e s  one o b ta in e d  ju s t  a s  good m e ltin g  a s  w itb  
a n y  o f th e  p a te n t  fu rn ac e s . I f  i t  w as p ro p e rly  
b u i lt  a n d  p ro p e rly  c h a rg e d , th e  re s u lts  w ere  q u ite  
as good an d  econom ical as th o se  h a d  from  a  t i l t in g  
c ru c ib le  o r  th e  lik e . T h e  coke  c o n su m p tio n  m ig h t  
b e  a  l i t t le  h ig h e r , b u t  th e r e  w ere  co m p e n sa tio n s  
fo r  t h a t .  W ith  c a re  o n e  cou ld  g e t  60 t o  80 h e a ts  
o u t o f  a n  o rd in a ry  o ru c ih le  i n  a  p it- f ire  fu rn a c e .

M r . P ell : W h ich  is th e  m o re  econom ical— th e  
sq u a re  p i t  fire  o r  th e  ro u n d  p i t  fire?

M r . R owe : I  th in k  th e  ro u n d  p i t  fixe is .more
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econom ical th a n  th e  sq u a re  p i t  fire, b u t  th e re  is 
n o t a  g r e a t  d ea l in  i t .  T h ere  is m o re  in  th e  
s e t t in g  of th e  fire b a rs  a n d  th e  a r ra n g e m e n t of 
th e  b la s t  t h a n  w h e th e r i t  is ro u n d  o r sq u are .

M b . P ell re m a rk e d  t h a t  th e  reaso n  he  asked  th e  
q u e s tio n  w as t h a t  in  th e  sq u a re  p i t  fire th e  co rn ers  
h a d  to  be  filled, u p , a n d  in  th e  ro u n d  p i t  fire th e  
su p p ly  o f coke wlas e q u a l a ll ro u n d .

M b . R o w e  sa id  A d m ira lty  g u n  m e ta l was n o t a 
re a lly  good  b e a r in g  m eta l, a n d  th e  t r e n d  o f m odern  
p ra c t ic e  w as n o t  to  u se  i t  f o r  t h a t  pu rp o se . F o r  
h eav y  loads o n  w ide h e a r in g  su rfa ce s  th e  m ost 
com m only u sed  h e a r in g  m e ta l w as leaded  phosphor- 
b ronze, i .e .,  a n  o rd in a ry  p h osphor-b ronze  w ith  
a b o u t  82 co p p er, 8 lead , 10 t in ,  a n d  0.5 p e r  cen t, 
p h o sp h o ru s .

Sands for Non-Ferrous Work.
M e. D eb b y sh ib e  asked  w h e th er h e  w ould g e t  th e  

sam e b en efit as w hen  c a s tin g  g reen  san d  if  h e  used 
d ry  san d , le t t in g  i t  go cold?

M b . R owe sa id  i t  w as th e  m o is tu re  ill th e  g reen  
sa n d  w hich  ro b b ed  tb e  m e ta l o f i ts  h e a t ,  an d  cold 
d ry -san d  m ou lds h a d  n o t  th e  sam e ch illin g  effect 
as g re en  sand .

T h e  Ch a irm a n  : H a v e  you any  p a r t ic u la r  sand  
fo r th is  class of w ork, such as M ansfield sa n d  or 
yellow sa n d ?

M b. R owe sa id  i t  a ll  depended  on th e  c lass of 
w ork t h a t  was b e in g  m ade. F o r  p ra c tic a lly  all 
b ra ss fo u n d in g  one cou ld  u se  a  local sand . B u t  
th e re  w ere som e c a s tin g s  w ith  which i t  would no t 
be  sa fe  to  u se  a  local sand.

M b . H ogg : I s  th e r e  an y  special m ethod  of 
a n n ea lin g  A d m ira lty  g u n -m e ta l cas tin g s or do you 
ju s t  p u t  th e m  in  t h e  fire?

M r . R owe sa id  th e  te m p e ra tu re  o f th e  ca s tin g  
m u st b e  even  a n d  u n d e r  co n tro l. W ith  a  gas-fired 
muffle fu rn a c e  o ne  cou ld  con tro l th e  te m p e ra tu re  
very  closely b e tw een  600 a n d  700.

Mb . H ogg : Does th e  openness o f th e  sand , or 
th e  closeness of i t ,  h a v e  an y  effect upon  th e  c a s t
in g ?  Suppose one is  c a s tin g  any th ing , in  brass. 
C an  one use M ansfield san d  o r  a v ery  close yellow 
san d ?  W o u ld  t h a t  b e  th e  cause  of sm all blow
holes fo rm in g ?

M r . R owe sa id  c layey  sand  lik e  M ansfield ten d e d  
to  p ro d u ce  blow-holes on  th e  su rface  a n d  was use
less fo r p re ssu re  w ork.
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M r . H ogg : E v en  if  th e  m o u ld  is d ry  ?
M r .  R owe : Y es, v e ry  o f te n ,  ev en  if

15 A ^ w te  fff' th a n k s  to  M r. R ow e was
M r. H o g g , seconded  b y  M r. Ja c k so n , a n d  p assed• "•'OD '
un an im o u sly .
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East Midlands Branch.

THE SELECTION OF PIG-IRONS FOR HIGH-GRADE 
CAST IRON.

By F. W. Rowe, Member.
T h ere  is h a rd ly  a n o th e r  p h ase  of iron  fou n d in g  

c o n ce rn in g  w hich th e re  is m ore d iv erg en ce  of 
op in io n , or m ore lack  o f u n d e rs ta n d in g  o f th e  
basio  ¡p rincip les invo lved , th a n  th e  p ro p e r  selec
tio n  o f th e  com ponen ts fo r th e  p ro d u c tio n  o f h igh- 
g ra d e  c a s t iro n . I t  is seldom  one m eets two iron  
fo u n d rie s  u s in g  th e  sam e irons, o r  whose ideas do 
n o t ra d ic a lly  d iffer. L e s t i t  sh o u ld  be m isu n d er
s to o d , i t  is well to  em p h asise  a t  th e  o u tse t t h a t  
th e  se lec tio n  of p ig -iro n s , th o u g h  a  v i ta l  fa c to r  in 
h ig h -class iro n  fo u n d in g , is h a rd ly  m ore im por
t a n t  th a n  c o rre c t m e ltin g  a n d  c a s tin g  co nd itions. 
T h ere  h a s  been  a  g r e a t  ten d e n cy  in  th e  p a s t  on 
th e  p a r t  of m e ta llu rg is ts  and  chem ists to  assess 
th e  v a lu e  oif a  p ig -iro n  solely on th e  an aly sis 
show n, w ith o u t  an y  re g a rd  to  th e  ra w  m a te ria ls  
fro m  w hich th e  p ig  h a s  b een  m ade o r th e  co n d i
tio n s  o f sm e ltin g  o r  th e  (frac tu re  ex h ib ited . 
U n fo r tu n a te ly  th e  o p in io n  th a t  th e  only c r ite r io n  
of a  p ig -iro n  is i ts  a n a ly sis  has recen tly  been 
re i te r a te d  by  peo p le  who should  know b e tte r .  I t  
i<s to  be dep lo red  as a  re tro g ra d e  step , an d  one 
w hich w ill n o t be su p p o rte d  by those  who have  
ap p ro a c h e d  th e  su b je c t f ro m  a n  u n p re ju d ice d  
s ta n d p o in t .

I t  r a th e r  looks t h a t ,  w ith  those who hold th is  
op in io n , “ th e  w ish is f a th e r  to  th e  th o u g h t,”  and  
c e r ta in ly  iro n  fo u n d in g  would h e  a g r e a t  deal 
sim p le r if  i t  w ere so. M ost people w ill ag ree , 
how ever, t h a t  an aly ses, th o u g h  im p o r ta n t,  do n o t 
te ll th e  w hole s to ry , a n d  d u e  co n sid e ra tio n  m ust 
he p a id  to  o th e r  c h a ra c te r is tic s  o f a  p ig -iro n .

T h e  se lec tion  of ra w  m a te ria ls  fo r th e  com m oner
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classes o f c a s tin g s  is, of co u rse , ch iefly  g o v e rn ed  
by econom ic c o n s id e ra tio n s , th e  a c tu a l  s t r e n g th  of 
th e  iro n  b e in g  o f m in o r  im p o r ta n c e , a n d  th e  sk ill 
of th e  fo u n d ry m en  is m ore  p ro fita b ly  ex p en d e d  in  
e n su r in g  t h a t  c le an , so u n d  c a s tin g s  a re  p ro d u ced .

W h en , how ever, o n e  t u r n s  to  th e  h ig h e s t  c lass of 
e n g in e e r in g  c a s tin g s , such  a s  s te a m  a n d  in te r n a l -  
co m b u s tio n  e n g in e  p a r ts  a n d  h y d ra u lic  w ork , th e  
in i t i a l  cost of 'th e  ra w  m a te r ia ls  is a  m a t t e r  of 
seco n d ary  im p o rta n c e , p ro v id ed  th e  re s u l t in g  c a s t 
ings successfu lly  w ith s ta n d  th e  d u tie s  im posed  
u p o n  th e m  in  se rv ice . In d e ed , i t  is  a  h a d  b u sin ess  
policy  to  be  p a rs im o n io u s  in  th e  m a t t e r  o f  p ig -  
iro n s  fo r  h ig h -c lass  w o rk , a n d  n o  la s t in g  re p u ta 
tio n  h a s  ev er been  b u i l t  u p  w h e re  su ch  a  po licy  
h as e x is te d . As re g a rd s  t h e  a n a ly t ic a l  r e q u ir e 
m en ts  fo r  h ig h -g ra d e  c a s t  iro n , th e se  c a n  be 
d efined  w ith in  f a ir ly  n a rro w  lim its  fo r  a ll n o rm a l 
w ork.

T ab le  1 se ts  o u t  o n  a  b ro a d  b as is  t h e  p ro p o r 
t io n s  o f th e  v a r io u s  e le m en ts  d e s irab le . I t  w ill 
T a b l e  I .— Analysis of Cast-iron for High-grade Work

Total Carbon 
Combined Carbon 
G raphitic Carbon 
Silicon 
Sulphur 
Phosphorus' 
Manganese . .

Percentages.

3.0 to  3.3
0.6 to  1.0
2.3 to  2.7
1.0 to  1.8
0.10 to  0.15
0.3 to  0.8
0.5 to  0.7 •

p e rh a p s  s u i t  th e  p u rp o se s  o f  t h is  P a p e r  b e t t e r  if  
th e  e lem en ts  a re  d e a lt  w ith  in  o rd e r  o f  a scen d 
in g  im p o rta n c e .

Manganese.
T he c h ie f  v a lu e  o f m an g a n ese  in  c a s t  iro n  is  to  

c o u n te ra c t  t h e  ev il e ffect o f  su lp h u r , a n d  as long  
as suffic ien t is p re s e n t  to  do th is ,  i .e . ,  above 
0.40 p e r  c e n t,  f o r  a  n o rm a l iro n , one n e e d  n o t  
w o rry  f u r th e r  a b o u t th e  m an g a n ese  c o n te n t .  I t  
h a s  b een  a sse r ted  t h a t  m an g an ese  te n d s  to  w h ite n  
c a s t  iro n , h u t  th is  is u n su p p o r te d  by  ex p e rien c e  
an d  re se a rc h  w ork , a n d  i t  can . h e  sa fe ly  s a id  t h a t  
in th o se  p ro p o r tio n s  m e t w ith  in  c a s t  iro n , i .e . ,  
0.40 to  1.5 p e r  c e n t.,  i t  is  w ith o u t  e ffec t on  t h e  
iro n  c a rb id e -g ra p h ite  r a t io .
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Sulphur.
T h is  e lem en t, w hich  h as heen n am ed  th e  

“  'bogey ”  otf th e  iro n  fo u n d ry , should  n o t tro u b le  
th e  iro n  fo u n d e r  whose su p p lies a re  no rm al. I t  
sh o u ld  be k e p t  w ith in  th e  lim its  given. T his is 
a n  easy  m a t te r  p ro v id ed  a  good coke w ith  a  m ax i
m u m  su lp h u r  c o n te n t  of 1.0 p e r  cen t, a n d  a  slag  
w ith  n o t less th a n  35 p e r  cen t, lim e is used . U p 
to  0 .1  p e r  c e n t, su lp h u r  h a s  a  d is tin c tly  beneficial 
e ffect on  c a s t  iro n , as i t  ten d s  to  g ive  a  finer 
g ra p h ite .  E x p erien c e  lias show n th a t  i t  is 
e x tre m e ly  h a rd  to  g e t  iro n  otf h ig h  s t r e n g th  w ith  
ab n o rm a lly  low su lp h u r  c o n te n t. Above 0.15 p e r  
c en t, su lp h u r  te n d s  to  becom e a  m enace, dep en d 
in g  on th e  c lass  o f  w ork  fo r  w hich  th e  iro n  is 
u sed . T he iro n  h a s  d is t in c t ly  less life  a n d  is m ore  
l iab le  to  blow a n d  sh r in k a g e  d e fec ts  a re  accen
tu a te d .  These f a u lt s  a re , otf course, m o re  p ro 
nounced  in  l ig h t  th a n  in  heav y  sections.

Phosphorus.
T he l im its  fo r  p h o sp h o ru s h'ave heen  s e t  down 

fa ir ly  w idely  ow ing to  t h e  v a r ia tio n  in  th e  re q u ire 
m en ts  fo r d iffe re n t classes o f w ork. T here  is no
T a b le  I I .— Impact Tests using a 120 ft.-lb. Izod 

Machine. Bars 20 mm. X 20  mm. X 75 mm. with 
no Notch.

Analysis. No. 1. No. 2. No. 3. No. 4.

Total Carbon 3.31 3.21 3.17 3.28
Graphite Carbon 2.69 2.64 2.44 2.58
Combined Carbon 0.62 0.57 0.73 0.70
Silicon 1.46 1.68 1.31 1.18
Sulphur 0.096 0.107 0.092 0.101
Phosphorus 0.36 0.68 0.88 1.29
Manganese 0.46 0.62 0.53 0.58
Energy absorbed in ft.-lbs. 29.00 22.60 16.00 10.50

conclusive evidence t h a t  phosphorus up  to  1.0 p er 
c en t, se riously  d im in ish es th e  ten s ile  or tran sv e rse  
s tre n g th  o f c a s t  iro n . T he re s is ta n c e  of c a s t  iron  
to  f r a c tu r e  by shock is g re a t ly  in fluenced  by th e  
ph osphorus c o n te n t. H ig h -p h o sp h o ru s c a s t  irons 
(0.8 to  1 p e r  c e n t.)  a re  d e fin ite ly  w eaker a g a in s t 
show th a n  low p h o sp h o ru s (0.2 to  0 .3). A nyone 
who possesses a n  Izod  im p a o t- te s tin g  m ach ine  can  
easily  v e r ify  th is  fa c t .
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T ab le  I I  show s th e  r e s u l ts  o f  som e im p a c t  te s ts  
on iro n s  on ty  v a ry in g  to  'an  a p p re c ia b le  e x te n t  in  
p h o sp h o ru s  c o n te n t. T hese  fig u res  h a v e  been  
se lec ted  on a cc o u n t o f  th e  u n ifo rm ity  o f  th e  
an aly ses a n d  well i l lu s t r a te  th e  conclusions w hich  
h a v e  been d ra w n  fro m  th e  s tu d y  o f som e h u n d re d s  
o f s im ila r  te s ts . P h o sp h o ru s  a lso  is  d is t in c t ly  
h a rm fu l  to  c a s tin g s  w hich  h a v e  to  u n d e rg o  c h an g e s  
in  te m p e ra tu re .  F o r  in te rn a l-c o m b u s tio n  a n d  
ste am -en g in e  cy lin d ers , valves, e tc .,  th e  p h o sp h o ru s  
should  be  k e p t  a s  low as is  c o n s is te n t  w ith  sa fe  
w o rk in g  in  th e  fo u n d ry . H ig h -p h o sp h o ru s  c a s t
in g s a re  m u ch  m o re  liab le  t o  c ra c k  -under r e p e a te d  
t e m p e ra tu r e  ch an g es th a n  th o se  in  w hich  th is  
e le m en t is low. H ig h  p h o sp h o ru s  sh o u ld  n o t  be 
allow ed  in  w o rk  su b je c te d  to  s te a m  p re s su re  as 
th e  p h o sp h id e  is ra p id ly  a t ta c k e d  in  such  s i tu a 
tio n s . I n  heav y  w ork a n d  in  c a s tin g s  h a v in g  
ra p id  ch an g es  o f se c tio n , th e  p h o sp h o ru s  sh o u ld  
n o t b e  above 0.3 to  0.5 p e r  c e n t . ,  or c o n s id e ra b le  
d ifficu lty  w ill b e  e x p e rien c e d  d u e  to  p o ro s ity  
caused  b y  liq u a tio n  of th e  e u te c t ic .

Combined Carbon.
T he p e rc e n ta g e  of com b in ed  c a rb o n  is, o f co u rse , 

go v e rn ed  by  tjie  silicon  c o n te n t  a n d  th e  r a t e  o f  
cooling . T h e  com b in ed  c a rb o n  to  o b ta in  th e  b est 
s t r e n g th  a n d  h a rd n e ss  a n d  b e s t re s is ta n c e  to  w ear 
should  foe k e p t  a s  h ig h  as possib le  c o n s is te n t  w ith  
n o rm a l m a c h in in g  p ra c tic e . I t  is  u su a lly  a  sa fe  
gu id e  to  a r ra n g e  t h a t  t h e  th in n e s t  se c tio n  of th e  
c a s tin g  sh a ll h a v e  a  com bined  c a rb o n  c o n te n t  of 
n o t m ore  th a n  0.75 p e r  c e n t .,  a n d  p re fe ra b ly , o f  
course, n o t  less. N o  d ifficu lty  sh o u ld  e v e r  h e  
e x p erien ced  in  m a c h in in g  a  c a s t  iro n  w ith  th is  
com bined  c a rb o n  c o n te n t, th o u g h , o f  c o u rse , t h e  
feeds a n d  speeds w ill n o t  he as h ig h  as 
th e  m ach in e-sh o p  s u p e r in te n d e n t  w ou ld  like .

Silicon.
T he silico n  c o n te n t  v a r ie s  w ith in  th e  l im its  

g iv en  an d , acc o rd in g  to  th e  th ic k n e ss  o f m e ta l,  to  
g ive  th e  re q u ire d  com bined  c a rb o n  c o n te n t .

Graphite Carbon.
T he g ra p h ite  c a rb o n  is  by f a r  th e  m o s t  im p o r

tant- c o n s t itu e n t  of a  c a s t  iro n , a n d  is w o rth y  o f
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a  g r e a t  deal m ore  tim e  th a n  can  possibly be  
d ev o ted  to  i t  h e re . T h e  am o u n t, fo rm  a n d  d is t r i 
b u tio n  o f g ra p h ite  h a s  by f a r  th e  g re a te s t  in flu 
ence  on  th e  s t r e n g th  o f c a s t iro n . T his f a c t  is 
o f te n  n o t as fu lly  a p p re c ia te d  as i t  m ig h t be. 
U n d u e  im p o r ta n c e  is  u su a lly  a tta c h e d  to  th e  
a m o u n t oif otheT e lem en ts  p re se n t.  I t  is d o u b tfu l 
w h e th e r  th e  com bined  c a rb o n  p er se h a s  any  effect 
on th e  a c tu a l  s tr e n g th  o f c a s t  iro n , a lth o u g h  i t  is 
e s se n tia l  fo r  w e a rin g  p ro p e rtie s . I t  is m ore  likely  
t h a t  th e  beneficia l e ffect o f th e  com bined carbon  
is a n  in d ire c t  one. By t h a t  is  m e a n t th e  effect on 
th e  g ra p h ite  c o n te n t,  i .e .,  th e  m ore carb o n  t h a t  is 
p re se n t in  t h e  com bined  fo rm , th e  less th e  
g r a p h i t ic  c a rb o n . T h is  f a c t  w ill b e  b e t te r  a p p re 
c ia te d  i f  o ne  considers ty p es  o f  c a s t  iron  m ade by 
o th e r  p rocesses th a n  th e  cupo la .

To ta k e  b la c k -h e a r t  m alleab le  cas t-iro n . A t  first 
s ig h t th e re  is  v ery  l i t t l e  s im ila r ity  b e tw een  th is  
p ro d u c t  a n d  g rey  c a s t  iro n , b u t  fu n d a m e n ta lly  
th e  iro n s  a re  n o t  so w idely a p a r t .  I n  T able  I I I  
specific exam ples a re  q u o ted  w hich  h a v e  been 
se lec ted  on  acc o u n t o f th e i r  s im ila r ity  in  com posi
t io n . T h e  m a te r ia l  d ifferen ce  lie s  in  th e  to ta l  
c a rb o n  c o n te n ts , th e  g re y  iro n  c o n ta in in g  3.24 p e r  
cen t, an d  th e  m alleab le  iro n  2.62 p e r  cen t. T here

T a b l e  I I I .— Relative Properties of Cast iron and Malleable

Grey cast iron.
Black-heart
malleable.

Graphite Carbon 2.68 per cent. 2.62 per cent.
Combined Carbon 0.64 —
Silicon 1.38 0.51
Sulphur 0.094 „ 0.088 ,,
Phosphorus 0.16 „ 0.19
Manganese 0.43 0.33 „
Tensile Test

(Tons per sq. inch) 15.36 23.56
Elongation — 8.5 per cent.
Transverse Test.

15 in. X  1 in. X 1 in. 26 cwts. ■—
Brinell Hardness 196 113

is th e  sam e a m o u n t o f g ra p h ite  in  each , th e -m a tr ix  
d iffers in  t h a t  th e  g rey  c a s t  iro n  h as a p e a r l it ie  
m a tr ix  w hile th e  m alleab le  h a s a  f e r r i t ic  m a tr ix . 
T his, how ever, shou ld  th eo re tic a lly  re n d e r  th e  c a s t 
iro n  s tro n g e r  th a n  th e  m alleab le , as p e a r l i te  h as



a  m u ch  h ig h e r  te n s ile  s t r e n g th  th a n  f e r r i t e .  T h e  
p h o sp h o ru s c o n te n ts  a re  th e  sam e. W hy, th e n ,  th e  
enortm ous d iffe ren ce  in  p h y s ic a l p ro p e r t ie s  ? 
O bviously th is  is  d u e  m a in ly  to  th e  n a tu r e  a n d  
d is t r ib u t io n  o f th e  g ra p h ite  con ,ten t. I n  on e , i t  
o ccu rs g e n e ra lly  in  le n tic u la r  ten u o u s  p la te s , an d  
in  th e  o th e r  in  a  n o d u la r  fo rm  well in te rm e sh e d  
w ith  f e r r i t e .  T h e  p h o to m ic ro g ra p h ic  a p p e a ra n c e  
of th e se  tw o p a r t ic u la r  ex am p les is i l lu s t r a te d  in
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F i g . 1 .— M ic r o g r a p h  o r  1 0 0  D i a s , o f  G r e y  
O a s t  I r o n  ( L e f t ) a n d  M a l l e a b l e  (R ig h t) .  
T h e t  B o t h  C o n t a in  t h e  S a m e  T o ta l  
C a r b o n .

F ig . 1. T he fairT y obvious f a c t  w h ich  is  d ra w n  
fro m  th is  c o m p a riso n  is  t h a t  th e  n o d u la r  fo rm  of 
g ra p h ite  g ives a n  iro n  w h ich  is  f a r  s tro n g e r  th a n  
one in  w hich  th e  g ra p h ite  is p re s e n t  in  le n t ic u la r  
p la te s . T h is d e d u c tio n  is  well h o m e  o u t  in  p r a c 
tic a l  e x p e rien c e  t h a t  th e  c loser th e  g r a p h i te  
ap p ro ach es  in  fo rm  a n d  d is t r ib u t io n  to  t h a t  show n 
by m alleab le  iro n , th e  s tro n g e r  th e  c a s t iro n  
becom es. In v e rse ly , a n y  iro n  sh o w in g  long , la rg e
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g r a p h ite  flakes is v e ry  w eak. T h ere  is also 
a n o th e r  fa c to r  w hich  h a s  n o t  rece iv ed  ¡sufficient 
a t te n tio n ,  a n d  t h a t  is th e  s t ru c tu re  o f th e  
g r a p h ite  flake its e lf . I t  is n o t lik e ly  th a t  there  
is a n y  m a te r ia l d iffe ren ce  in  th e  a c tu a l g ra p h ite  
p resen t in  cast irons, i.e ., th a t  a llo trop ie  m odifica
tio n s are  p re se n t in  d iffe re n t irons. I t  is, how ever, 
e x trem e ly  likely  t h a t  w h a t we ca ll g r a p h ite  flakes 
a re , in  m an y  cases, n o t  so lely  a n d  w holly g ra p h ite  
b u t  g ra p h ite  in te rm esh ed  w ith  f e r r i t e .  I t  is 
n e a r ly  im possib le , ow ing  to  th e  d ifficulties of 
po lish in g , to  v e r ify  th is  ab so lu te ly  m icroscopically , 
b u t  is v e ry  n o ticeab le  t h a t  g ra p h ite  flakes in

F i g . 2.-— F r a c t u r e  o f  a  S c o t c h  P i g -  
I r o n , H a l f  F u l l  S i z e . I t  d o e s  
n o t  C o r r e s p o n d  w i t h  t h e  A n a l y s i s .

s tro n g  c a s t- iro n  u n d e r  th e  h ig h e s t pow ers of th e  
m icroscope e x h ib i t  d is t in c t  signs o f a n  in te rn a l  
s tru c tu re .  I t  is only lo g ica l to  p re su m e  t h a t  
g ra p h ite  in .term eshed w ith  f e r r i t e  w ill h av e  a 
m uch sm a lle r  w eak en in g  effect th a n  g ra p h ite  
a lone. T h e  id ea l, th e re fo re , to  be  aim ed a t  in 
c a s t- iro n  fo u n d in g  is to  p ro duce  an  iro n  whioh 
w ill h av e  th e  g ra p h ite  in  ex ac tly  th e  sam e fo rm  
as a  b lack -h e 'a rt m alleab le  cas t- iro n . I f  th is  was 
ach ieved , th e n  th e  re su l tin g  iro n  w ould  h a v e  a 
ten s ile  s t r e n g th  of a n y th in g  up  to  30 to n s  
p e r scj. in .



N a tu ra l ly ,  th e  q u e s tio n s  a r is e :  H ow  is th is
id ea l to  h e  a t t a in e d ?  W h a t  fa c to r s  g o v e rn  th e  
d ep o sitio n  o f g r a p h i te  in  th e  n o d u la r  fo rm ?  
F ra n k ly ,  w e d o  n o t  know . T h e  p re s e n t  s t a t e  of 
o u r  know ledge is such  t h a t  w e h a v e  o n ly  p ro 
b lem a tica l id ea s  on th e  su b je c t. I t  is  h e re  t h a t  
th e  q u e s tio n  o f ju d ic io u s  se lec tio n  o f ra w  
m a te r ia ls— p ig -iro n , sc rap , e tc .— e n te rs . T he com 
p o n e n ts  of th e  m ix tu re  f o r  s t ro n g  c a s t- iro n  m u s t  
be  such  t h a t  th e  re s u ltin g  iro n  w ill h a v e  n o t  o n ly  
a  low H graphite  c o n te n t ,  b u t  also  t h e  g r a p h i te  
m u s t be  d is t r ib u te d  in  a  fo rm  w hich  closely 
resem bles th e  d is t r ib u t io n  o f t h a t  i n  b la c k -h e a r t  
m alleab le  iro n , i .e .,  g r a p h i te  p ro d u c e d  b y  th e  
d eco m p o sitio n  of oeim entite  a n d  p e a r l i te  b y  su b 
je c t in g  w h ite  iro n  to  h ig h  te m p e ra tu re s .  H e re  
we h a v e  tw o  e sse n tia ls , w h ich , o f  a ll  o th e rs , a re  
le a s t  u n d e r  th e  c o n tro l o f  t h e  fo u n d ry m a n . I t  
m ay  be ta k e n  a s  f a i r ly  a x io m a tic  t h a t  i f  o n e  
s t a r t s  a t  th e  cu p o la  s ta g e  w ith  a  m ix tu r e  h ig h  in  
to ta l  c a rb o n , o n e  w ill fin ish  a t  th e  s p o u t  w i th  a 
h ig h  to ta l-c a rb o n  iro n , no  m a t t e r  w h a t  th e  m elt
in g  c o n d itio n s  m a y  be. In v e rse ly , i f  o n e  s t a r t s  
w ith  a  low to ta l-c a rb o n  m ix tu re ,  i t  is  n o t  a t  a ll 
c e r ta in  t h a t  a  low  to ta l-c a rb o n  c a s t- iro n  w ill 
r e su lt.

T h is  is  well exem plified  in  m a k in g  c a s t- iro n  
c o n ta in in g  v e ry  h e av y  s te e l-a d tn ix tu re s  w h e re , 
u n less th e  m e ltin g  c o n d itio n s  a r e  v e ry  o a re fu lly  
defined, th e  r e s u l tin g  c a s t- iro n  is  v e ry  h ig h  in  
th e  to ta l  oarbon .

Hematite and “ Off Irons.”
C o n seq u en t on  w h a t  h a s  b e en  sa id , i t  w ill be  

a p p re c ia te d  t h a t  h e m a t i te  iro n s  sh o u ld  n o t  be 
u sed  to  a n y  g r e a t  e x te n t  f o r  m ix tu r e s  f o r  h ig h -  
g ra d e  w ork . H e m a ti te  iro n s  a r e  o f te n  a  g r e a t  
te m p ta t io n  t o  iro m founders on  a c c o u n t of t h e i r  
low  p h o sp h o ru s  c o n te n t  a n d  th e i r  ch eap n ess  w h en  
co m p ared  w ith  c y lin d e r a n d  eo ld lb la s t iro n s , t h a t  
is, th e y  p ro v id e  th e  s im p le s t a n d  a t  th e  p re s e n t  
t im e  decid ed ly  t h e  c h ea p es t m e th o d  o f p u llin g  
dow n th e  p h o sp h o ru s  c o n te n t  o f  th e  low er g ra d e s  
of fo u n d ry  iro n . I t  sh o u ld  be  rem e m b e re d , how 
ev er, t h a t  h e m a t i te  iro n s  a r e  p ro d u c ed  p r in c ip a lly  
fo r th e  acid  s tee l-m ak e r, to  whom low su lp h u r  an d  
p h o sp h o ru s c o n te n ts  a re  fa c to rs  o f v i ta l  im p o r t
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ance , a n d  to  whom to ta l  carb o n  m aitters n o th in g  
a t  a ll. I t  is  q u ite  t r u e  t h a t  th e  low to ta l-ca rb o n  
h e m a tite s  c an  b e  o b ta in e d  a t  tim es, b u t  th e  
i r r e g u la r i ty  o f  th is  e le m en t re n d e rs  th e  iro n  of 
d o u b tfu l v a lu e . The w r i te r  h a s  h a d  co n secu tive  
d e liv e ries  of h e m a tite  iro n , th o u g h  fa ir ly  s im ila r  
in  an a ly s is  in  o th e r  resp ec ts , v a ry  as "m uch as 
1 p e r  c e n t,  in  t h e  to ta l-c a rb o n  c o n te n t. T he low 
to ta l-a a rb o n  h e m a tite ,  w hen o b ta in e d , is very  
o f te n  a n  “  off i ro n ,”  i .e .,  a  p ro d u c tio n  of a b n o r
m al w o rk in g  o f th e  fu rn a c e .  A b n o rm al iro n s  a re  
a lw ays u n tru s tw o r th y  an d  a re  a  so u rce  o f con-

F i g . 3 .— F r a c t u r e  o f  a n  I r o n  w h i c h  C o n 
t a i n e d  4 .2 5  P e r  C e n t .  S i l i c o n .

s t a n t  t ro u b le  to  th e  fo u n d ry m an . I t  is never 
good p ra c t ic e  to  use  an  iro n  w hich  is n o t  th e  
n o rm al re g u la r  p ro d u c t  o f  a  fu rn a c e .

m
Value of Fracture in a Pig-Iron.

T h e  f r a c tu r e  e x h ib ite d  by  a  norm ally -cooled  p ig- 
iro n  is a  ve ry  u se fu l g u id e  ias to  i t s  s u i ta b il i ty  
fo r  v a r io u s  w ork , if  accom pan ied  by th e  an a ly s is . 
W ith o u t  th e  a n a ly sis  th e  c o n sid e ra tio n s  of th e  
f r a c tu re  a re  of l i t t le  v a lu e  One of th e  fa ir ly  
w ell-estab lished  -axioms is t h a t  a n  o p e n -fra c tu re d  
p ig , no m a t te r  w h a t  th e  a n a ly s is  m ay  be, will 
g iv e  an  o p e n -fra c tu re d  c a s tin g . On th e  o th e r  
h a n d , a  c lo se-g ra in ed  p ig - iro n  w ill o n ly  g iv e  close- 
g ra in e d  c a s tin g s  if  i ts  f r a c tu r e  co rresp o n d s (fairly
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well w ith  i ts  an a ly s is . W h a t'1 is k n o w n  a s  a 
“  d r y  ”  f r a c tu r e  am o n g  fo u n d 'ry m en  ( th o u g h  
close) sh o u ld  h e  looked u p o n  u n fa v o u ra b ly . A d ry  
f r a c tu r e  m ay  b e  g e n e ra lly  in te r p r e te d  ias one 
w hich  show s l i t t l e  o r  no  e x fo lia tio n , o r  m ay  be 
o th erw ise  desc rib ed  as “ c r u m b ly ”  o r  “ s h o r t .”  
T h is  ty p e  o f f r a c tu r e  is, p e rh a p s , seen  to  i t s  b e st 
in  a  h ig h  su lp h u r  (say 0.20 p e r  c en t.)  f a i r ly  low- 
silico n  iro n . T he la rg e , sp a n g led  f r a c tu r e  of th e  
fo u n d ry -n u m b ers  of h e m a t i te  iro n  is, of co u rse , 
well know n, a n d  th e  p e c u lia r  re t ic u la te d  f r a c tu r e  
of th e  -cold-blast iro n s  is f a i r ly  e a sy  to  id e n tify .

F i g . 4 . — S a m p l e  o p  TJn d r i l l a b l e  P i g -  
I r o n  o f  N o r m a l  A n a l y s i s .

T he id ea l f r a c tu r e  fo r  a n  o rd in a ry  q u a li ty  of p ig - 
iro n  f o r  fo u n d ry  w ork  is o ne  w h ich  h a s  a  g r a n u la r  
s t ru c tu re ,  w hich  ev en  over th e  w hole  se c tio n — n o t 
close a t  th e  o u ts id e  a n d  o p en  in  th e  c e n tre , b u t  
of a n  ev en  g rey n ess (v a ry in g  a cc o rd in g  to  i ts  
an aly sis) th ro u g h o u t.  W h ile*  o n  th e  su b je c t  o f 
f ra c tu re s ,  i t  m ay  b e  in te re s t in g  to  c ite  o n e  or 
tw o exam p les of s tr ik in g ly  an o m a lo u s  f r a c tu r e s  
p re se n te d  b y  p ig -iro n s . F ig . 2 show s a  p h o to 
g ra p h  of a  f r a c tu r e  o f a  c o n s ig n m e n t o f S co tch  
p ig -iro n  o f a  w ell-know n b ra n d .  As w ill b e  seen , 
th e  p ig - iro n  is v e ry  open  in  c h a ra c te r ,  o n  f r a c tu r e  
w ould a t  le a s t  ipass f o r  a  N o. 3 W ith 2.50 to  3.0 
silicon. T h e  fu ll an a ly s is  show ed 3.78 T .C ., 3.25 
G r . ; 0.53 C .C . ; 0.32 S i . ;  0.053 S . ;  0.242 P . ,  a n d
0.75 M n. p e r  cen t. T h is  w as n o t  a  s t r a y  p iece , 
b u t th e  whole o f  th e  co n s ig n m e n t o f  25 to n s  w as
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th e  sam e. T h ere  is n o th in g  in  th e  an a ly s is  w hich  
cou ld  possibly a c c o u n t fo r  th e  f r a c tu re .

F ig . 3 show s th e  f r a c tu r e  of a sam ple  of p ig - 
iron  of a  w ell-know n b ra n d . On f ra c tu re , th is  
would be g ra d e d  as a  No. 4 or ev en  a  No. 5, b u t  
a c tu a lly  th e  a n a ly s is  show ed th e  silico n  c o n te n t 
to  be  4.36 p e r cen t, silicon . M icroscopic ex am in a
t io n  fa ile d  to  re v e a l an y  signs of th e  p ig -iro n  
be in g  a rtif ic ia lly  ch illed , an d  th e  p e a r lite  p re se n t 
was wrell la m in a te d .

I t  is n o t co n ten d ed  th a t  such s tr ik in g  exam ples  
as these cure e x tre m e ly  n u m ero u s , b u t the  sam e

F i g . 5 .— M ic r o s t r u c t u r e  o p  t h e  S a m p l e  
S h o w n  i n  F i g . 3 .

so r t o f th in g , in  a m in o r  degree, is reg u larly  
observable by those w ho s tu d y  th e  fra c tu re s  in  
c o n ju n c tio n  w ith  th e  ana lysis .

O ne does som etim es g e t anom alous f ra c tu re s  
w hich can  be su ita b ly  e x p la in e d  if  tr a c e d  back 
sufficiently  fa r .  S uch  is th e  case o f a p ig -iro n  
th e  f r a c tu re  o f  w hich  is show n in  F ig . 4. T he 
a n a ly sis  was 3.85 T .O ., 3.35 G r . ; 0.50 C .O .; 2.04 
S i . ;  0.023 S ., 1.18 P . ,  a n d  1.83 p e r  c en t. M n. 
F o r  th e  sam ple  a n d  d e ta i ls  of th is  p ig -iro n  th e  
w r i te r  is in d eb ted  to  h is f r ie n d , M r. IV. H . 
Poole, o f th e  K e ig h ley  L ab o ra to rie s .

T h is  p ig - iro n , as w ill be seen, is o f  q u ite
N
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n o rm al an a ly s is , b u t  y e t  n one  o f tb e  c o n sig n m e n t 
cou ld  'be d r ille d , even  w ith  a  sp ec ia lly  h a rd e n e d  
to o l. T b e  m icroscope, in  th is  case, show ed  th e  
cause  o f th e  e x tre m e  h a rd n e ss . As w ill be seen  
from  th e  m ic ro p h o to g rap h  in  F ig . 5, th e  s t r u c tu r e  
c o n sists  o f  la rg e  g r a p h i te  flakes em b ed d ed  in  a  
m a tr ix  of a m a r te n s i t ic  c h a ra c te r ,  a n d  th e  u su a l 
p h o sp h id e  e u te c t io  lak es. T h e  m a r te n s i t ic  is, o f 
course, th e  cau se  o f th e  e x tre m e  h a rd n e ss .

M r. P o o le  fo u n d  t h a t  t h is  u n u su a l  s t r u c tu r e  
a n d  f r a c tu r e  w as d u e  to  q u e n ch in g  off th e  p ig s in  
rhe bed  above th e  p o in t  w h e re  th e  a u s te n i te  
decom poses, b u t  n o t su ffic ien tly  h ig h  to  p re v e n t  
th e  a lm o s t co m p le te  s e p a ra t io n  o f g ra p h ite .

Such a sam p le  w ould p ro b ab ly , on  re -m e ltin g , 
g iv e  a n  iro n  w ith  a s t r u c tu r e  a n d  f r a c tu r e  com 
p a ra b le  to  th e  a n a ly s is , b u t  i t  is  e x tre m e ly  
d o u b tfu l w h e th e r  su ch  w ould  be  th e  case  w ith  
sam ples p rev io u sly  m en tio fied .

The Fallacy of Relying Wholly on Analysis.
T he m ix in g  used  f o r  a  p a r t i c u la r  c la ss  of w ork  

in  a  fo u n d ry  w ith  w hich  th e  w r i te r  h a s  been  
co n n ec ted  co n sis ted  of 30 se lec ted  hom e sc rap , 10 
m ild -steel sc rap , 20 cold-felast N o. 4, a n d  40 p e r  
c en t, c y lin d e r p ig  “ X .”  T h is  m ix in g , o w in g  to  
th e  e x tre m e  c o n sis ten cy  o f  c o n se cu tiv e  d e liv e rie s  
of th e  p ig -iro n s  used , shows a n  a lm o s t m ono
to n o u s  r e g u la r i ty  in  th e  a n a ly s is  a n d  t e s t  re su lts  
w hich a re  ta k e n  d a ily . O n o n e  occasion  a n o th e r  
c y lin d e r p ig - iro n , w h ich  sh a ll  be ca lled  “  Y ,”  w as 
s u b s t i tu te d  fo r  “ X .”  T h e  a n a ly s is  of “  X  ”  w as 
3.06 T .C ., 2.53 S i., 0.056 S ., 0 .62  P . ,  a n d  1.86 p e r  
c en t. M n ., a n d  t h a t  o f  “ Y ”  3.15 T .C ., 2.31 S i.,
0.070 S ., Ó.71 P . ,  a n d  1.45 p e r  c e n t. M n . A s w ill 
be  seen, c y lin d e r  “  X  ”  show s a  s lig h tly  su p e r io r  
a n a ly sis , b u t  th e r e  is no  v e ry  m a te r ia l  d iffe ren ce . 
T he d iffe ren ce  in  p r ic e  w as 27s. 6d. p e r  to n .

T ab le  IV  shows th e  a v e ra g e d  an a ly se s  o f  a  
s ta n d a r d  m ix in g  fo r  th e  th r e e  w eeks im m e d ia te ly  
p re ce d in g  th e  in tro d u c t io n  o f  th e  p ig  “ Y ,”  a n d  
th e  a v e ra g e  o f th e  d a ily  p h y sic a l te s ts .  Tw o b a r s  
show ing flaw s h a v e  been  o m itte d . A lo n g sid e  a r e  
th e  av era g ed  an a ly se s  a n d  p h y sica l te s ts  fo r  th e  
th re e  w eeks fo llo w in g , u s in g  p ig  “ Y .”  T h e  d i f 
fe re n c e  in  th e  p h y sic a l te s ts  is  q u ite  d e f in ite . T h e  
b e h a v io u r  o f th e  m e ta l in  th e  lad le  w as also v e ry
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n o ticeab le . T h e  s ta n d a rd  m ix in g  w as p e rfe c tly  
c lean  w hen m o lten , even  a t  low te m p e ra tu re s , b u t 
th e  m ix in g  c o n ta in in g  cy lin d e r p ig  “ Y ”  c lean  a t  
a  b lu e-w h ite  h e a t ,  b u t  as soon as the  te m p e ra tu re  
d ro p p ed  w as v ery  d i r ty ,  a n d  scum  w as c o n tin u a lly  
r is in g  to  th e  to p  o f th e  lad le . T he su rfa c e  of th e  
re su l tin g  c a s tin g  w as by no m ean s as c lean , and  
se v e ra l im p o r ta n t  p a r ts  m ac h in ed  a ll o ver fa iled  
to  c lean  up  s a t is fa c to r i ly  w here  th e  m ach in in g  
a llow ance  w as sm all. T h e 'f r a c tu re  of th e  te s t  b a rs  
w as also  in te re s t in g . T h e  s ta n d a rd  m ix in g  was 
d ense  g rey  th ro u g h o u t, b u t  th e  m ix in g  w ith  cy lin 
d e r  p ig  Y ”  show ed a te n d e n cy  to  o penness a t  
th e  c e n tre , a lth o u g h  q u ite  close on th e  o u tsid e .

T a b l e  IV .— Showing the Influence of Changing a Brand 
of Iron.

Standard Mix
ing. 

(Average 
13 Bars.)

Mixing with 
Cylinder Pig 

‘ Y.’ (Average 
12 Bars.)

Total Carbon 3.13 per cent. 3.20 per cent.
Graphitic Carbon 2.37 2.42
Combined Carbon 0.76 0.78
Silicon 1.32 1.25
Sulphur 0.093 „ 0.105 „
Phosphorus 0.65 0.71
Manganese 0.61 0.54
Transverse Test

12 in. X  1 in. X  1 in. 36.6 cwts. 29.8 cwts.
Tensile Test 16.8 tons 15.51 tons
Impact Test 23.2 ft.-lbs. 18.4 ft.-lbs.

T h is  exam ple  n a tu ra l ly  leads to  th e  q u estio n  of 
c y lin d e r p ig -iro n s . A g r e a t  m an y  b la s t- fu rn a c e  
people  seem  to  th in k  t h a t  th e y  h a v e  on ly  to  c u t  
th e  p h o sp h o ru s in  th e ir  p ig  to  0.5 p e r  c en t., ra ise  
th e  m an g an ese  to  1.5 p e r  c e n t .,  c a ll i t  cy lin d e r, 
a n d  th ey  h a v e  iro n  w o rth  tw o  p o u n d s  a  to n  m ore 
t h a n  th e  o rd in a ry  g ra d es . T he w r i te r  can  p o in t 
o u t  a t  le a s t fo u r specific b ra n d s  o f th e  so-called 
c y lin d e r p ig  w hich re g u la r ly  c o n ta in  3.5 to  3.6 
p e r  cen t, o f to ta l  carb o n . A cy lin d er p ig -iro n , to  
be w o rth y  of th e  n am e a n d  p rice  dem anded , should  
re p re se n t th e  s t r ic t  m ean  betw een  a  h o t-b la s t fo u n 
d ry  iro n  an d  a n  a ll-m ine  S ta ffo rd sh ire  co ld -b last 
iro n . T h a t  is, i t  shou ld  be p ro d u ced  in  sem i-cold

N  2
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b la s t  fu rn ac e s , a n d  h a v e  a  to ta l  c a rb o n  n o t  ex 
ceed in g  3.2 p e r  c e n t, w hen t h e  silicon  is  fro m  1.0 
to  2 .0  p e r  c en t. A lso, i t  sh o u ld  b e  r e g u la r  in  
co m p o sitio n . A n iro n  w hich  is i r r e g u la r  in  com 
p o s itio n  is a  re a l n u isan ce , a n d  n e c e ss ita te s  
c o n s ta n t  m a n ip u la t io n  of th e  m ix in g , i .e . ,  ju g g lin g  
w ith  th e  a m o u n ts  o f  th e  v a r io u s  co m p o n e n ts . N o 
iro n  is w o rth  a n  e n h an c ed  p r ic e  u n less  i t  is  defi
n ite ly  r e g u la r  in  e v e ry  re sp ec t.

Cold Blast Irons.
W h en  o ne  to u ch es on  c o ld -b las t iro n , i t  is  r e 

v iv in g  o ld  m em ories f o r  m an y  fo u n d ry m e n , f o r  i t  
i s  now  o n ly  a  m em ory  to  m a n y  p eo p le . T h e  
p re se n t  d ep ress io n  a n d  th e  h ig h  p r ic e  h a s  n e a r ly  
k illed  th e  u se  o f, if  n o t  th e  f a i t h  in , co ld -b las t 
iro n , b u t  th e  e s se n tia l  f a c t  r e m a in s .  O ne  c a n n o t 
g e t  as good c u p o la -m e lte d  c a s t- iro n  w ith o u t  cold- 
b las t i ro n  a s  w ith  i t .  T h is  is  s ta te d  q u i te  dog
m a tic a lly  a P d  w ith o u t  q u ib b lin g . T h e  w r i te r ,  in  
s ta t in g  th is ,  does n o t  r e fe r  to  a n y  p a r t i c u l a r  p h y 
sical c h a ra c te r is tic  o f c a s t- iro n , h u t  to  a ll- ro u n d  
g e n e ra l p ro p e r t ie s . T he n o d u la r  fo rm  of g r a p h i t e  
is  m ore well d eveloped  in  cu p o la -m e lte d  c a s t- iro n  
c o n ta in in g  c o ld -b las t th a n  in  a n y  o th e r .

T he s ta te m e n t t h a t  th e  w o rk in g  te m p e ra tu r e  of 
a  b la s t  fu rn a c e , a p a r t  fro m  th e  a n a ly s is  of th e  
fin ished  p ig -iro n , h a s  a  p ro fo u n d  e ffec t on  th e  
g ra p h ite  s t r u c tu r e  w h ich  p e rs is ts ,  ev en  a f t e r  re- 
m e ltin g  in  th e  cu p o la , is  o n e  w hich  is  d e se rv in g  
o f  se rio u s  c o n s id e ra tio n . A d m itte d ly  no  te n a b le  
th e o ry  h a s  y e t  b een  pro-pounded to  e x p la in  th is  
p h en o m en a  o r  e v en  as y e t  n o  th o ro u g h ly  u n c h a l
len g eab le  e x p e r im e n ta l  d a ta  to  s u p p o r t  i t  h a s  been  
g iven .

T h is  p o s itio n  is, ho w ev er, on ly  in  l in e  w ith  p ra c 
tic a lly  a ll o u r o th e r  know ledge, i .e .,  w e know  th e  
e ffect n e a r ly  a lw ay s b e fo re  w e know  th e  cau se .

Electric Furnace Cast-iron.

T he w r i te r  h a d  th e  o p p o r tu n ity  som e few  m o n th s  
ago  o f  r u n n in g  sev e ra l h e a ts  o f  c a s t- iro n  in  a n  
e le c tr ic  fu rn a c e , a n d  th e  re su l ts  w e re  so re m a rk 
ably  good a n d  i l lu s t r a te  so  well m a n y  o f t h e  p o in ts  
w hich  h e  h a s  a t te m p te d  to  b r in g  o u t  in  th e  P a p e r  
th a t  no  apo logy  is o ffered  fo r  g iv in g  a precis  o f
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th e  re su lts  h e re . T he fu rn a c e  w as a n  a rc  fu rn a c e  
of th e  H e ro u lt  ty p e  an d  ac id -lined . The m a te ria ls  
c h a rg e d  v a rie d , as is show n in T able  V , a n d  no 
a t t e m p t  a t  re fin in g  w as m ade , th e  m a te ria ls  be in g  
m ere ly  m elted  u n d e r  a  lim e slag . T he figures 
g iven  c a n n o t be supposed  to  re p re se n t f in a lity , as 
these  w ere  all e x p e r im e n ta l ru n s . T he final com 
p o s itio n  o f C h arg e  N o. 3 w as m ad e  hy  m ak in g  th e  
necessa ry  a d d itio n s  to  a  steel b a th  o b ta in e d  by 
m e ltin g  b o rings. T he low to ta l  c a rb o n  is v e ry  
s ig n ific a n t, a n d  a lth o u g h  th e  com bined ca rb o n  is 
on ly  0.26 p e r  c e n t.,  th e  ten s ile  s t r e n g th  reach ed  
17.10 to n s  p e r  sq. in . T he w ri te r  h a s  n ev er seen

T a b l e  V .— Electric Furnace Heats.
H eat No. 3 7 4

T.C........................................ 2.71 2.89 2.91
Gr. C..................................... 2.45 2.53 2.19
C.C........................................ 0.26 0.36 0.72
Si. ............................ 3.15 2.64 1.86
S. ............................ 0.086 0.092 0.10
P. ............................ 0.093 0.868 0.36
Mn. 0.71 0.53 0.41
Tensile Test, in tons p e r  sq. in. on 

1 in. dia. cast bar 17.10 16.60 18.6
Transverse Test, in cwts. 

15 in. X 1 in. X 1 in. oast
on

bar 38 41.2 47.0
Deflection in  ins. 0.19 0.14 0.18
N o t e .— Cast No. 3 is made from  steel scrap, silico spiegel 

ferro-silicon, and graphite ; Cast No. 7, from No. 1 
Pig, steel and ferro-silicon, and Cast No. 4, from 
steel scrap, ferro-silicon, spiegel and graphite.

an y  d a ta  fro m  cupo la  iro n  show ing such  re m a rk 
ab le  figures fo r  h ig h  silico n , low com bined  carbon  
iro n . The low g ra p h it ic  c a rb o n  is u n d o u b ted ly  th e  
m a in  cause o f th e  h ig h -te s t  figures, coup led  w ith  
h ig h e r  c a s tin g  te m p e ra tu re  an d  g en era l g re a te r  
c lean n ess of th e  iro n . T h e  second ex am ple  q uo ted . 
C h a rg e  No. 7, w as ru n  w ith  a low er silico n -co n ten t 
b u t  w ith  a h ig h e r  phosp h o ru s . T he re su lts  in  th is  
case d e m o n s tra te  th e  v a lu e  o f a  low to ta l-ca rb o n  
a n d  th e  u n im p o r ta n c e  of com bined  c a rb o n  •per se 
a s  a ffec tin g  s t re n g th .

T he la s t  ex am p le , C h a rg e  N o. 4, g ives a h ig h e r 
te s t- re s u l t  t h a t  th e  w r i te r  h a s  ev er seen fo r  th e  
sam e silicon  c o n te n t. H e re  th e  to ta l  c a rb o n  w as
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dow n, an d  th e  g ra p h it ic  c a rb o n  a t  an  e x tre m e ly  
low figure, a n d  th e  iro n  w as o n ly  m ac h in ed  w ith  
g r e a t  d ifficu lty .

Steel as a Pig-iron Substitute.
T he ex p erien c e s  of iro n fo u n d e rs  in  th e  u se  o t 

s te e l s c ra p  as a co m p o n en t of c a s t- iro n  v a ry  v ery  
■widely fro m  w holesale  c o n d em n a tio n  to  w hole
h e a r te d  p ra ise . T he g r e a t  v a r ia t io n s  in  re su lts  
a re  ch iefly  d u e  to  v a r ia t io n s  in  m e ltin g  c o n d itio n s . 
S p e a k in g  s t r ic t ly  fro m  p e rso n a l e x p e rien c e , th e  
w r i te r  h a s  fo u n d  t h a t  w ith  o rd in a ry  r a p id  m elt-  
in g -p rac tic e , u n ifo rm ly  good a ll-ro u n d  r e s u l ts  c a n 
n o t  ¡be o b ta in e d  fro m  c a s t- iro n  c o n ta in in g  m ore 
th a n  20 p e r  c en t, o f  s teel. I f  i t  is d e s ired  to  in 
c o rp o ra te  m ore  th a n  th is  p e rc e n ta g e  o f s te e l in  
th e  iro n , th e n  th e  b e s t p r a c t ic e  is  to  r u n  a  h ig h - 
p e re e n ta g e  s te e l-m ix tu re  in to  p ig s  a n d  re m e lt .  
N a tu ra l ly  i t  is m o re  econom ica l to  p u rc h a se  such  a 
re fin ed  p ig - iro n  fro m  la rg e  m ak e rs . R efin ed  p ig- 
iro n s  a re  g e n e ra lly  p ro d u c e d  in  a  s im ila r  m a n n e r ,
i.e ., by m e ltin g  steel sc rap  w ith  p ig , th o u g h  m ore 
o f te n  n o t  in  th e  cupola .

Summary.
To su m m arise  b rie fly  th e  m a in  p o in ts  w hich  th e  

w r i te r  h a s  e n d e a v o u re d  to  b r in g  o u t :  —
(1) P ig - iro n s  sho u ld  b e  se lec te d  w hich  w ill g iv e  

th e  c o rre c t a n a ly s is  in  t h e  fin ish ed  c a s tin g , b u t  
i t  shou ld  b e  rem em b ered  t h a t  c o rre c t a n a ly s is  is  
on ly  a b o u t h a lf  th e  b a t t le .

(2) B ra n d s  sh o u ld  b e  se lec ted  w hich  e x p e rien c e  
h a s  show n a re  a sso c ia ted  w ith  c lean  m e ltin g , 
close g ra in  a n d  h ig h  s t r e n g th  a n d  w h ich  a re  
re g u la r  in  com p o sitio n .

(3) O p e n -g ra in e d  iro n s  a n d  a b n o rm a l iro n s , 
such  as “ o v e r g re y s ,”  e tc .,  sh o u ld  b e  av o id ed  
d e sp ite  th e i r  an aly ses.

(4) K eep  th e  to ta l  c a rb o n  a s  low as p ossib le  
a n d  use  low to ta l  c a rb o n  p igs, i .e .,  co ld -b las t a n d  
sem i-cold b la s t.
I n  conclusion  th e  w r i te r  w ould  l ik e  to  p o in t  o u t  

t h a t  th e  p re s e n t  s ta g e  of o u r  know ledge  is so im 
p e rfe c t  t h a t  we c a n n o t affo rd  to  n e g le c t a n y  f a c to r  
in  th e  p ro d u c tio n  of c a s t- iro n . N o on e  c a n  y e t  
r e je c t  a n y  p h a se  in  c a s t- iro n  p ro d u c tio n  f ro m  th e  
m in e  to  th e  f e t t l in g  shop a s  b e in g  u n im p o r ta n t
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an d  w ith o u t  b e a r in g  on th e  final p ro d u c t. T here  
is no  d o u b t t h a t  as o u r  know ledge in c reases  th e  
fa c to rs  -affecting th e  s tr e n g th  an d  c a s tin g  p ro p e r, 
t ie s  of ca s t- iro n  will ‘be  m ore  c learlv  defined , and  
c e r ta in  v a r ia tio n s  in  t r e a tm e n t  will be  fo u n d  to 
h a v e  no  b e a r in g  on th e se  p ro p e rtie s , b u t  i t  is also 
ex tre m e ly  like ly  t h a t  v a r ia tio n s ,  to  w hich l i t t le  
a t te n tio n  is now p a id , will be fo u n d  to  e x e r t  a 
p ro fo u n d  influence. I t  is only, th e re fo re , by  p av 
in g  a t te n tio n  to  every  side of th e  q u estio h  w ith  
a n  u n p re ju d ic e d  m in d  t h a t  we can  h ope  to  p ro 
gress in  th e  know ledge of t h a t  e x trem e lv  complex 
m a te r ia l— c as t-iro n . ' 1
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London Branch.

THE FOUNDRY CUPOLA AND MECHANICAL 
CHARGING.

By A. A. Liardet, Member.
T he re -m e ltin g  of p ig -iro n  a n d  sc rap  fo r  th e  

p ro d u c tio n  o f g re y  a n d  w h ite -iro n  c a s tin g s  m ay  be 
c a r r ie d  o u t  by  tw o d is t in c t  ty p e s  o f  fu rn a c e s— th e  
re v e rb a to ry  o r a i r  fu rn a c e  an d  th e  cupo la  fu rn a c e .

T he n a m e  c u p o la  w as u n d o u b ted ly  t a k e n  from  
th e  sh ap e  o f som e of th e  e a r l ie r  fu rn a c e s , which 
resem bled  a d o m e-shaped  b u ild in g , b e in g  g r a d u 
a lly  ta p e re d  aw av  fro m  th e  c e n tre  d ia m e te r  to  
t h a t  of th e  to p , a n d  in  som e cases a c tu a lly  closed 
in .

F i g . 1 .— K r i g a r ’s  C c t o r a .

T he re v e rb a to ry  o r  a i r  fu rn a c e  does n o t  come 
w ith in  t h e  scope o f th is  P a p e r ;  suffice i t  to  say , 
th a t  i t  is m ore  g e n e ra lly  used  w h ere  th e  m a te r ia l  
to  be  c h a rg e d  co n sis ts  of h eav y  sc rap  iro n  w hich 
c a n n o t be  b ro k en  u p  fo r  c h a rg in g  in to  a c u p o la , 
o r w here  v ery  heav y  c a s tin g s  hav e  to  be  m ade . 
T he a i r  fu rn a c e  is m ore  o f te n  u sed  in  m alleab le
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; z D [ T d rie s- T1:e c u r ^  « a iso u sed fo r m ei t .
0  w h ite  iro n , a n d  is c h ea p e r to  o p e ra te  th a n  th e

ten d  re ’ ^  un less c a re  is ta k e n  th e re is a ten d e n cy  fo r th e  m eta l to  h u rn .

v e r i i r r ’t  iSi a  i h a f t  i u r n ace , c o n sis tin g  of a 
fireb rick  s h a f t  o f re c ta n g u la r ,  oval o r 

c irc u la r  sec tion , he ld  to g e th e r  b y  m ild-steel p la tes .

F i g . 2 . — I r e l a n d ’s 
C u p o l a .

T he fuel an d  m eta l a re  c h arg ed  in to  th e  to p  of 
th e  fu rn a c e , a b la s t of a ir  is in tro d u ced  a t  th e  
low er end  a n d  th e  m olten  m e ta l d ra w n  off a t  th e  
b o ttom . T h is  is th e  sim ple  d e sc rip tio n  of a 
cu p o la , a n d  if  a  fu rn a c e  w ere c o n stru c ted  on  these  
sim ple lines, q u ite  ex ce llen t re su lts  as re g a rd s  th e  
q u a lity  o f  th e  m olten  m eta l would be o b ta in e d  
p ro v id ed  th a t, th e  o p e ra to r  h ad  a sound  know ledge
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of m eltin g . T h e  p ro b lem  w hich faces th e  d es ig n er 
of cupo las, how ever, is t h a t  of p ro d u c in g  a  f u r 
nace  w hich  will m e lt th e  m ost ra p id ly , p ro d u c e  th e  
h o t te s t  m e ta l w ith  th e  le a s t  co n su m p tio n  of coke, 
a n d  do th is  co n sis ten tly  a n d  c o n tin u o u sly  o v e r a 
re a so n a b le  le n g th  o f tim e .

T h e  k e y  to  th e  so lu tio n  of th is  p ro b lem  is a  
know ledge  o f th e  a m o u n t of fu e l w hich  w ill g iv e  
su ffic ien t h e a t  to  m e lt  a  c e r ta in  q u a n ti ty ' o f  iro n  
in  a  g iv en  tim e , th e  n ecessa ry  a m o u n t of a ir  to  
g iv e  co m p le te  co m b u stio n  o f th is  fu e l, a n d  th e  
re q u is ite  a re a  of h e a r th  in  w hich to  b u rn  i t .

W h en  looked a t  in  th is  l ig h t, we see th e re  is a 
close re sem b lan ce  in  th is  p ro b lem  to  t h a t  of th e  
s te am  b o ile r b u ild e r, who m u s t know  w h a t h e a t 
in g  su rfa c e , fue l, g r a te  a re a  a n d  a i r  a re  necessa ry  
to  p ro d u ce  so m an y  p o u n d s o f s te am  p e r  h o u r.

T h e  cu p o la  builder-, how ever, h a s  a  r a th e r  m ore  
co m p lica ted  p rob lem  th a n  th e  b o ile r b u ild e r , a s  he  
h a s  to  know  th e  b e h av io u r  of v a rio u s  g ra d e s  of 
m a te r ia l  u n d e r  c e r ta in  h e a t in g  co n d itio n s , w h ilst 
th e  b o ile r  b u ild e r  is d ea lin g  w ith  o n e  s ta n d a rd  
su b s tan ce— w a te r.

I t  is beyond  th e  scope of th is  P a p e r  to  e n te r  in to  
w h a t m ig h t  be  desc rib ed  as “  th e  tech n o lo g y  of 
co m b u s tio n ,”  b u t  th e  chem ica l a c tio n  w hich  ta k e s  
p lace  in  th e  cu p o la  u n d e r  b la s t  re q u ire s  c o n s id e ra 
t io n .

A ll th e  o x y g en  c o n ta in ed  in  th e  a i r  b la s t  shou ld  
be consum ed  in  b u rn in g  u p  th e  fu e l, a n d  should  
com bine  w ith  th e  c a rb o n  in  i t  to  fo rm  carb o n  
d io x id e  ( 0 0 2). -v

C arb o n  m onox ide  (OO), a g as w hich  b u rn s  in  
th e  a ir  w ith  a  b lu e  la m b e n t  flam e, shou ld  n o t  be 
fo rm ed , a lth o u g h  i t  is  im possib le  to  e lim in a te  i t  
a lto g e th e r , as th e  h o t C0„ g as fo rm ed  in  th e  zone 
o f com bustion  is  b o u n d  to  p ick  u p  som e ca rb o n  
as i t  passes th ro u g h  th e  lay e rs  of cold coke above, 
th u s  fo rm in g  c a rb o n  m o nox ide . A n  a n a ly s is  of 
th e  gases a t  th e  c h a rg in g  door in  a cu p o la  w ork
in g  u n d e r  c o rre c t b la s t  co n d itio n s  should  n o t  show 
m ore  th a n  a b o u t  5 p e r  c e n t , c a rb o n  m onox ide  a n d  
an  e n tire  absence o f  oxygen .

Cupola Gas should be Analysed.
T he c a rb o n  d io x id e  should  be a b o u t  16 to  18 

p e r  cen t. A n excess of c a rb o n  m onoxide in d ic a te s
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an insufficiency o f a ir ,  o r  lack  of p e n e tra t io n  of 
tli© b la s t  to  th e  com b u stio n  zone, w hilst an  excess 
o f oxygen show s a n  excess of b las t o r bad  d is t r i 
bu tio n .

C upo la  users would derive  m uch  usefu l in fo rm a 
tio n , an d  in  all p ro b a b ility  m ake econom ies in 
fuel co n su m p tio n  from  th is  in fo rm a tio n , if  th ey

F i g . 3 .— W o o d w a r d ’s 
S t e a m -j e t  C u p o l a .

took sam ples a n d  an a ly sed  th e  cupo la  gases a t  
re g u la r  in te rv a ls . T h e  sam ples should  be ta k e n  
below th e  c h a rg in g  door, as n a tu ra lly , above, th e  
gases a re  d ilu te d  by  th e  a ir  d raw n  in a t  th is  p o in t. 
An excessive 'blue flam e b u rn in g  in th e  u p p e r p o r
tio n  o f th e  s ta ck  albove th e  ch arg in g  door should 
im m ed ia te ly  a ro u se  suspic ion  t h a t  th e  q u a n ti ty  or 
d is tr ib u tio n  o f  th e  a ir  b las t is no t c o rrec t, as i t
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in d ic a te s  th e  p resen ce  o f a n  excess o f  th e  c a rb o n  
m onox ide  re fe r re d  to  above.

T h e  com bustion  of" coke w hen m e ltin g  iro n  is 
se t  o u t  in  T able  I-

T a b l e  I .— C om b u stio n  o f Coke-
1 lb. o f av e ra g e  q u a lity  coke c o n ta in s  0.88 lbs. 

o f carb o n .
36  cub. f t .  of o x y g en  aire re q u ire d  to  co m bust 

1 lb. of c a rb o n  to  0 0 2.
1 lb . of coke re q u ire s  a p p ro x im a te ly  26 cub. 

f t .  o f oxygen .
A ir  c o n ta in s  a p p ro x im a te ly  o n e -fifth  o f its  

vo lum e o f oxygen.
1 lb. o f coke re q u ire s  a p p ro x im a te ly  130 cub  

f t .  o f a ir  to  co m p le te  com lbustion.
C a lc u la ted  fro m  th e  calo rific  v a lu e  of th e  coke 

an d  th e  B r i t ish  T h e rm a l U n its  n ecessa ry  to  ra is e  
1 lb. of iro n  to  s lig h tly  above i ts  m e lt in g  p o in t,  
i t  is fo u n d  83 lbs. o f  coke  w ill m e lt 1 to n  of iro n .

T he necessa ry  q u a n t i ty  o f a i r  to  b u rn  th is  coke 
w ould be  a p p ro x im a te ly  11,000 cu b . f t .

Losses in  th e  C upola .
1. In c o m p le te  com bustion  of

fu e l ... ... ... 34 p e r  c en t.
2. Loss o f h e a t  in  a scen d in g

gases, r a d ia tio n  an d  slag  ... 6.5 p e r  c en t.
3. M o is tu re  in  fu e l ... ... 3.5 p e r  c en t.
4. Ash fro m  fu e l ............6.5 p e r  cen t.

T o ta l  ... ... . . .5 0 .5  p e r  c e n t.
S a y  50 p e r  c en t. T h e re fo re , u n d e r  th esg  c o n d i

tio n s , to  m e lt 1 to n  o f iro n , 166 lbs. of coke w ould 
be re q u ire d  a n d  22,000 ou'b. f t .  o f  aiir.

T he th e o re tic a lly  p e rfe c t  fig u re  should  be  no ted  
a n d  co n sid ered  in  c o n ju n c tio n  w ith  som e o f th e  
e x tr a v a g a n t  c la im s m ad e  by som e cu p o la  m ak e rs  
an d  u se rs  as to  fu e l c o n su m p tio n .

T hese  idea l c o n d itio n s  can  n ev er be  re a lised  in  
p ra c t ic e ;  as h a s  been  show n, th e  coke is only 
b u r n t  p a r tia l ly  to  ca rb o n  d io x id e , h e a t  is lo st 
th ro u g h  th e  ch im n ey  of th e  cu p o la  a n d  th ro u g h  th e  
slag  hole, w a te r  is o f te n  p re se n t in  th e  coke, h e a t  
is lost in th e  slag , a n d  g e n e ra l r a d ia t io n  is ta k in g  
p lace.

I t  is n o t  u n re aso n a b le  to  assum e t h a t  th e  to ta l
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o f  t h e s e  lo s se s  w o u ld  r e d u c e  t h e  e ff ic ie n c y  o f  t h e  
c u p o la  t o  a ib o u t 5 0  p e r  c e n t . ,  b y  f a r  t h e  g r e a t e r  
lo s s  o c c u r r i n g  f r o m  t h e  in c o m p le t e  c o m b u s t io n  o f  
t h e  f u e l ,  s h o w in g  t h a t  t h i s  is  t h e  m o s t  i m p o r t a n t  
f a c t o r  in  d e t e r m i n i n g  t h e  e ff ic ie n c y  o f  a  c u p o la

F i g . 4 .— T h w a it e s  
U l t r a  R a p id  C u po l a  
w i t h  R e c e i v e r .

H e n c e  a  c u p o la  h a v i n g  a  5 0  p e r  c e n t ,  t h e r m a l  effi
c i e n c y  w ill  c o n s u m e  1 6 6  lb s .  o f  c o k e  f o r  e v e r y
t o n  o f  i r o n  m e l t e d ,  a  r e s u l t  w h ic h  i s  r a r e l y ,  i f
e v e r ,  a c h i e v e d  in  a c t u a l  p r a c t i c e .

R e t u r n i n g  a g a i n  t o  t h e  q u e s t i o n  o f  t h e  n e c e s s a r y
a i r  t o  b u r n  t h i s  a m o u i . t  o f  c o k e ,  w e  f in d  t h a t
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18,200 cub. f t .  is re q u ire d . T hese  fig u res a re  
p u re ly  th e o re tic a l ,  a n d  we sha ll see  la te r  from  
p ra c t ic a l  ex am p les  a c tu a l  q u a n t i t ie s  of fu e l an d  
a ir  w hich  a re  used.

Early Forms of Cupolas.
F ig . 1 i l lu s tra te s  a n  e a rly  ty p e  of cu p o la  r e c t 

a n g u la r  in  fo rm . I t  w as g e n era lly  k n o w n  as

F i g . 5 .— A  C u p o l e t t e , a s  S u p p l i e d  by  t h e
CONSTRU CTIO N AL E N G IN E E R IN G  CO M PA N Y .

K r ig a r ’s ' cupo la , of G erm an  o r ig in , in  u se  a b o u t  
1 8 6 0 . T h e  s h a f t  w as m ad e  oblong  o r sq u a re  in  
section  a n d  p a ra lle l in  len g th . A b a ck in g  of san d  
is used  be tw een  th e  b rick w o rk  a n d  shell, to  a ss is t 
in p re v e n tin g  r a d ia tio n . T h is  b rick w o rk  is su p 
p o rte d  a t  th e  f r o n t  an d  b ack  by a rch es  o v e r a 
low er ch am b er or well. A ro u n d  th e  b o tto m  o f th e  
s h a f t  a n d  over th ese  a rch es is a r ra n g e d  th e  a ir
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passage, in to  w hich a ir  is d e liv e red  by tw o m ains. 
T he a ir ,  e n te r in g  th is  passage, cools th e  b rick 
work an d  also becom es h e a te d  by toeing in  con
t a c t  w ith  i t .  T h e  a ir  passes dow n in to  th e  m elt
ing  ch am b er th ro u g h  tw o  long  slo ts in  th e  roof 
e x te n d in g  r ig h t  across th e  w id th  of th e  h e a r th . 
T he f ro n t  of th e  cupo la  is closed by an  iron  door 
on h in g e s ; a sm alle r door is p laced  a t  th e  back .

T h e  c h a rg in g  o f th is  cupo la  a p p e a rs  to  hav e  been 
very  s im ila r  to  th e  p re sen t-d a y  p ra c tic e . One 
h a v in g  a  c a p a c ity  o f 3 to n s p e r  h o u r  re q u ire s  a 
filling  of 2 f  cw ts. of coke fo r s t a r t i n g  i t ,  th e n  a  
ch arg e  of 8 cw ts. of iro n , th e n  J  cw t. o f coke, 
a n d  so  on a lte rn a te ly .  T h e  av erag e  q u a n ti ty  of 
coke consum ed was 1^ cw ts. p e r to n  of iron  m elted , 
b ased  on a  to ta l  blow of 3 to n s  a n d  as low as 
1^ cwts. fo r blows o v er 6 to n s . T hese p a r tic u la r s  
have  been ta k e n  fro m  a  d e sc rip tio n  o f th is  G er
m an  cu p o la , re a d  b e fo re  th e  I n s t i tu t io n  of 
M echan ica l E n g in e e rs  in  1868. T he a u th o r  can 
on ly  su rm ise  t h a t ,  as th is  d a te  was p rev io u s to  
th e  in tro d u c tio n  of b y -p ro d u c t p la n ts  in  connec
tio n  w ith  coke m a n u fa c tu re , th e  coke was f a r  
b e tte r  in  q u a lity , o r  p e rh ap s  th e  iro n  w as m ore 
eas ily  m elted , o r , a g a in , th e  cupo la  m a n u fa c tu re rs  
of t h a t  d ay  w ere even m ore o p tim is tic  in  th e ir  
s ta te m e n ts  o f coke co n su m p tio n  th a n  th ey  a re  
to -d ay . T h is  cupo la  has, in  th e  a u th o r ’s o p in ion , 
one f a u l t  in  design  which c an n o t lead  to  econom y 
of fu e l co n su m p tio n , th e  b la s t  com ing  th ro u g h  
th e  a i r  passages n o t  o n ly  a b s tra c ts  h e a t 
from  th e  b rick w o rk , b u t  also from  th e  m eta l itse lf 
c o n ta in e d  in  th e  well a t  th e  b o tto m . A ny slig h t 
a d v a n ta g e  t h a t  m ay  be o b ta in e d  by th e  in creased  
te m p e ra tu re  o f th e  b la s t  m u s t be o u tw eighed  by 
th e  c h illin g  of th e  m eta l.

I t  is in te re s t in g  to  n o te  t h a t  m ore  re c e n t do- 
signs of cupolas co n s tru c ted  by th e  sam e G erm an 
— K r ig a r  of H a n o v e r— alm o st in v a riab ly  include  
a  fo re h e a r th  o r  rece iver, w hile  th e  tu y e re s  a re  
a r ra n g e d  ra d ia lly  in  a  s ing le  row  a ro u n d  th e  walls 
o f  th e  cu po la , s lig h tly  above th e  p o in t w here  th e  
m eta l flows in to  th e  rece iv e r.

A n o th e r  of th e  e a rly  fo rm s of fu rn aces was 
know n as I r e la n d ’s cupo la . I n  i ts  o rig in a l d e 
sign , th is  c u p o la  was co n stru c ted  w ith  a bosh 
u n d e rn e a th  th e  m e ltin g  zone, o f a  la rg e r  d iam e te r
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to  g iv e  a n  in c reased  c a p a c ity  fo r  liq u id  m e ta l. 
I t  h a d  tw o row s of tu y e re s , o n e  row  be in g  ju s t  
above th is  bosh  a n d  th e  o th e r  n e a r  th e  b a se  o f i t .  
L a te r  designs o f th is  cupo la  a re  v ery  s im ila r  to  
m o d ern  p ra c tic e . F ig . 2 show s in  d ia g ra m m a tic  
fo rm  p a r t ic u la r s  of tw o 7 -ft. d ia m e te r  cu p o la s  of 
I r e la n d ’s d esig n  w hich  w ere u sed  in  1866 fo r  c a s t 
in g  a  la rg e  an  vi Lb lock w e ig h in g  205 to n s . A c tu 
ally , 220 to n s  o f m e ta l w ere m elted  by  th e  tw o 
cu p o la s  in  10} h o u r s ; th e  coke c o n su m p tio n  w as 
only  1 |  cw ts. p e r  to n  o f iro n  m elted . T h e  b las t 
p re ssu re  w as 14 ozs.

1 F i g .  6 .— S h o w i n g  A l l - S t e e l  D r o p  B o t t o m .

A n a ly sin g  th e  figu res a n d  d im en sio n s, we find 
t h a t  each  cu p o la  m e lted  a p p ro x im a te ly  10 to n s  of 
m e ta l p e r  h o u r , th e  h e a r th  a re a  a p p ro x im a te s  160 
sq. in .  p e r  to n  p e r  h o u r , a n d  th e  tu y e re  a re a  
is o n e -fifth  o f th e  h e a r th  a re a .

T hese figu res a re  ve ry  l i t t l e  d if fe re n t from  those  
ad o p te d  as a  s ta n d a rd  by  som e m ak e rs  to -d ay . 
T he a u th o r  is of th e  o p in io n  t h a t  a n  im p ro v em en t 
in  th e  m e ltin g  p e rfo rm a n c e  w ould h a v e  been  
o b ta in e d  by in c re a s in g  th e  tu y e re  a r e a .

A lth o u g h  a  com m on p re se n t-d a y  em p irica l 
f igu re  is 10 lbs. o f iro n  p e r  h o u r  fo r  ev ery  sq. in . 
o f h e a r th  a re a , e q u iv a le n t to  224 sq. in . p e r  to n , 
y e t  i t  h a s  b een  p ro v ed  v e ry  co n clusively  fro m
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a c tu a l  te s ts  ta k e n  t h a t  th is  c a n  be g re a t ly  im 
p roved  if th e  p ro p o rtio n  of tu y e re  a re a  is in 
creased . F o r  cupo las o f m edium  an d  la rg e  
c a p a c ity , say  fro m  4 to n s  p e r  h o u r  a n d  u p w ard s, 
th e  h e a r th  a re a  m ay  be safely  ta k e n  a t  a  m in i
m um  of 150 sq. in . p e r  to n  p e r  h o u r, w ith  a  tu y e re  
r a t i o  of n o t less th a n  o n e -th ird , th a t  is, 50 sq. in. 
o f tu y e re  a re a  p e r to n  p e r  h o ur.

Steam Jet Cupolas.
C upolas h a v e  been w orked w ith  a s team  j e t  to  

c r e a te  a n  induced, d ra u g h t.  F ig . 3 show s th e  
a r ra n g e m e n t o f one know n as W o o d w ard ’s  steam - 
j e t  cu po la . I t  was c la im ed  fo r  th is  cu p o la  t h a t  
i t  was econom ical in  coke co n su m p tio n , an d  th a t

F i g .  7 .— ¡S h o w in g  O r d i n a r y  a n d  vena 
contracta  T u y e r e s .

th e  s team  used  w as no  m ore th a n  t h a t  re q u ire d  
to  d r iv e  a fa n  o r blow er fo r o rd in a ry  b la s t. The 
a i r  is d ra w n  in  th ro u g h  o p en ings p laced  ra d ia lly  
lik e  o rd in a ry  b la s t  tu y e re s . T hese can  be co n 
tro lle d  fro m  th e  o u ts id e  by  th e  closing o r p a r tia l  
c losing  o f a  h in g ed  cover o ver th e  o p en in g . The 
a u th o r  h a s  n o t  been  ab le  to  o b ta in  any  in fo rm a tio n  
as to  th e  a c tu a l p e rfo rm a n ce  of one o f th e s r  
cupolas. I t  is obvious, how ever, th a t ,  a s  th e  
a c tu a l  p re ssu re  of a ir  inside  th is  cu p o la  will be 
less th a n  t h a t  o f th e  a tm o sp h e re , th e re  would 
be a  d a n g e r  o f a i r  le a k in g  in  a t  v a r io u s  p o in ts  of 
th e  cupo la  ch im ney , th ro u g h  bad ly -m ade  b r ick 
w ork, c au s in g  b ad  com bustion  o f th e  fue l. T he 
f a c t  t h a t  th e  c h a rg in g  door would have  to  be m ore
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o r less h e rm e tic a lly  sealed  a f te r  each ch arg e , 
a p p e a rs  to  b re ak  dow n an y  c la im  of s im p lic ity  in  
design , which m ig h t be m ad e  ow ing  to  th e  absence  
of b low ing a p p a ra tu s  a n d  co n n ec tio n s to  tu y e re s .

T h e  m o d ern  cu p o la  is  a lm o st in v a r ia b ly  o f  th e  
v e r tic a l ty p e , h a v in g  h o riz o n ta l tu y e re s  i n  one o r 
m ore  rows n e a r  th e  b o tto m  o f th e  fu rn a c e . T he

F i g . 8 .— A  K e i t h -B l a c k m a n  F a n  a n d  M o t o r  
M o u n t e d  o n  t h e  S am e  B e d .

m a jo r i ty  of m akes a re  f i tte d  w ith  a n  a i r  b e lt  fo r 
th e  d is tr ib u tio n  of th e  b la s t  to  th e  tu y e re s , 
u su a lly  a r ra n g e d  so th a t  th ese  o pen  d ire c tly  in to  
th e  a ir  b e lt. A n e x a m in a tio n  of th e  p ro p o rtio n  
of h e a r th  a n d  tu y e re  a re a  in  th e  v a r io u s  m ak es of 
cu p o las rev ea ls  a com p le te  absence of an y  g e n e ra l 
srtandard .

F o u r  w ell-know n m akes, each  h a v in g  a n o m in a l 
c a p a c ity  of 4 to n s  p e r  h o u r , w ere  re c e n tly  
ex am in ed  by th e  a u th o r , w ith  th e  a s to n ish in g  
d ifferences show n in  T ab le  I I .

T he la s t, as will be g a th e re d  fro m  a  p rev io u s  
s ta te m e n t,  is th e  s ta n d a rd  now a d o p te d  by th e  
firm  w ith  which th e  a u th o r  w as co n n ec ted .
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F ig . 4 shows th e  T h w a ites  U ltra -R a p id  cupola , 
f itted  w ith  a (receiver, an d  F ig . 5 a  C onstruc- 

T a b l e  I I .— A C om parison  o f F our Types o f 
C upolas.

Area of hearth Area of tuyeres Ratio hearth  
per ton. per ton. tuyeres.

A. 220 sq . in. 25 sq. in. 8.8
B. 265 sq. in. 56.25 sq. in, 4.7
C. 180 sq. in. 14 sq. in. 27.1
D. 150 sq. in . 50 sq. in. 3

tio n a l  E n g in e e r in g  C om pany’s cu p o le tte . T h is 
p la n t  is d esigned  to  g iv e  sm all q u a n ti t ie s  of very

F i g . 9 .— S h o w s  a C u p o l a  I n s t a l l a t io n  b e in g  
D ltlV EN  BY A K e IT H -B l ACKMAN F aN.

h o t m eta l, such  as in  b ed stead  fo u n d ries . I t  can  
he t i l te d  fo r re p a irs , a n d  th e  tu y e re s  can  be re g u 
la te d  by q u a d ra n t  levers, g iv in g  th e  fu rn ac e m a n  
an  in c re a se  o f  co n tro l which could  n o t o therw ise  
he o b ta in e d .

Receivers.
T h ere  is a g re a t  deal of d iv e rs ity  of op in ion  

re g a rd in g  th e  a d v a n ta g e  of u s in g  receivers. The 
a u th o r  h a s  fo u n d  i t  th e  b e st p lan  to  leave th e  
decision  as to  w h e th er a rece iv e r should  be fitted  
o r n o t  to  th e  p ro sp ec tiv e  u se r, a f te r  h av in g



p o in te d  o u t  w h a t, in  h is  o p in io n , a r e  th e  a d v a n 
ta g e s . W h ere  th e  p ra c t ic e  in  th e  fo u n d ry  is to  
ta k e  sm all q u a n ti t ie s  of m e ta l from  th e  fu rn a c e  
co n tin u o u sly  d u r in g  th e  p rocess o f m e ltin g , th e n  
th e re  is no  a d v a n ta g e  in  h a v in g  a  re ce iv e r. I f ,  
how ever, th e  w ork  is of a v a ry in g  n a tu r e ,  heav y  
a n d  l ig h t  c a s tin g s  w ith  v a r ia tio n s  in  th e  m ix tu re , 
th e n  a  rece iv e r is  u n d o u b ted ly  a n  a d v a n ta g e . 
T he rece iv e r ta k e s  th e  p lace  o f a la rg e  lad le  p laced  
in  f r o n t  o f th e  cu p o la , w ith  th e  g r e a t  a d v a n ta g e  
o f h a v in g  th e  h o t g ases fro m  th e  c u p o la  con
s ta n tly  p lay in g  on  to  th e  su rfa ce  o f th is  m e ta l  a n d

F ig .  1 0 .— A T h w a i t e s ’ D ire c t- c o u p le d  H i g h 
speed  M otor-d r iv e n  B lo w er , pit t e d  w it h  
H offman  R oller B e a r in g s .

m a in ta in in g  i t  ait i ts  o r ig in a l  te m p e ra tu re .  B e tte r  
m ix in g  o f th e  m e ta l is th u s  a ssu re d , a n d  th e  
m o lten  m e ta l does n o t  re m a in  so  long  in  c o n ta c t  
w ith  th e  coke. T he bosh o f th e  cu p o la  itse lf  m ay  
he v e ry  m ueh  sm alle r, as i t  is  n o t re q u ire d  to  
s to re  m olten  m e ta l,  w hich  m ean s an  econom y in  
th e  coke  necessa ry  to  fo rm  th e  bed. T h e  lik e li
hood o f slag  g e t t in g  imto th e  tu y e re s  is a lso  a b sen t, 
a s  all slag g in g  is c a r r ie d  o u t in  th e  re ce iv e r  itse lf , 
th e  m e ltin g  th e re fo re  is  v e ry  m u ch  c le an e r. T h e  
u su a l m eth o d  in  a  fo u n d ry  h a v in g  a  cu p o la  an d  
rece iv e r is to  c a s t  a  fa ir ly  h e av y  sec tio n  c a s tin g  
firs t, on e  n o t  re q u ir in g  v e ry  h o t  m e ta l, as th e  
rece iv e r c e r ta in ly  lias a ten d e n cy  to  ch ill th e  firs t
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m eta l. T he h a n d -sh an k  w ork can  'be c a s t u p  a t  
th e  en d  of th e  blow. In  fa c t ,  jn e ta l c an  be ta k e n  
from  th e  rece iv e r fo r som e consid erab le  tim e  a f te r  
th e  b la s t  h a s been sh u t off, a n d  th e  process of 
rem o v in g  th e  c h a rg e  from  th e  cupo la  proceeded  
w ith .

Drop Bottoms.
A cupo la  f i tte d  w ith  a d ro p  b o tto m  is u n 

d o u b ted ly  a  g r e a t  t im e  sa v e r, a t  th e  end  of th e  
blow, as th e  whole o f th e  ch arg e  m ay  be d ro p p ed  
on  th e  floor w ith in  a few m in u te s  o f th e  b las t 
be in g  sh u t  off. I t  also g re a tly  fa c i l i ta te s  th e  
p a tc h in g  up  of th e  l in in g  a ro u n d  th e  tu y ere s , a s  
che o p e ra to r  c a n  s ta n d  in side  th e  cupo la . On th e  
o th e r  h a n d , a d d itio n a l w ork is re q u ire d  in  m ak in g  
u p  th e  b o tto m  a f te r  every  blow. T he r isk  of m eta l 
com ing  th ro u g h  th e  d rop  b o tto m  doors is 
in f in ite s im a l if  th e  m ak in g  u p  is p ro p e rly  done.

F ig . 6 i l lu s tra te s  th e  a ll steel d rop  b o tto m , which 
is a f e a tu re  o f  th e  design  of th e  cupola  m ade by 
th e  firm  w ith  w hich th e  a u th o r  was connected .

Coke Consumption.
I t  h a s  a lre ad y  been  show n th a t  in  a cupola  w ork

ing  a t  50 p e r  cen t, th e rm a l efficiency th e  coke con
su m p tio n  w ould be ap p ro x im a te ly  166 lb. to  th e  
to n  p f  iro n  m elted . L a rg e  cu p o la s  w o rk in g  ov er 
long co n tin u o u s  pe rio d s hav e  come o u t w ith  a  con
su m p tio n  of s lig h tly  o v e r 1 i  ew t. p e r  to n , b u t th e  
a v erag e  iro n  fo u n d ry  cupola  of m edium  cap a c ity , 
say , 5 to  6 to n s  p e r  h o u r, o v e r blows of th re e  h o u rs 
d u ra tio n , ra re ly , if  ev er, g ives such re su lts . T here  
is a  v e ry  g r e a t  d ifference betw een th e  re su lts  w hich 
can  be o b ta in e d  on a specia lly  co nducted  te s t,  
w h ere  th e  closest a t te n tio n  is p a id  to  all d e ta ils , 
and  th ose  o b ta in e d  over a p e r io d  u n d e r  w ork ing  
cond itio n s. I t  is n o t sa fe  to  b ase  ca lcu la tio n s of 
m e ltin g  costs on  a  less figu re  th a n  2 cwt. of coke 
p e r  to n  o f iron  m elted , in c lu d in g  th e  necessary  
bed .ch arg e . T his is u n d o u b ted ly  th e  a m o u n t of 
coke w hich  w ould h av e  to  be  p a id  fo r by  th e  
fo u n d ry  ow ner, an d  a f te r  all, t h a t  is th e  m ost 
im p o r ta n t  p o in t. I f ,  on  th e  o th e r  h an d , th e  coke 
■consumption is h ig h e r th a n  th is , th e re  is so m e th in "  
w rong som ew here, as from  w h a t has been shown it 
m eans t h a t  th e  m e ltin g  p la n t  is w ork in g  a t  
!e~s th a n  30 p e r  cen t, efficiency. I t  should  be
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u n d e rs to o d  t h a t  th e se  figu res r e g a rd in g  coke con
su m p tio n  a re  b ased  on th e  m e ltin g  o f th e  o rd in a ry  
m ix tu re s  m e t w ith  in  g rey  iro n  fo u n d ry  p ra c t ic e .  
H e m a ti te  and  w h ite  iro n  b o th  re q u ire  m ore  fu e l to  
m elt.

Blast and Tuyeres.
To r e tu r n  once m o re  to  th e  q u es tio n  of th e  con

su m p tio n  o f fue l, we see t h a t  a  cu p o la  r u n n in g  a t  
50 p e r  c en t, th e rm a l efficiency r e q u ire d  22,000 
cub. f t .  o f  a i r  fo r  ev ery  to n  o f  m e ta l m e lted . T h e  
r a t in g  o f a  cupo la  is" g e n e ra lly  ex p ressed  as so

F i g . 1 1 .— A  H o t -b l a s t  C u p o l a  o f  
G e r m a n  D e s i g n .

m an y  to n s  p e r h o u r, th e re fo re  th is  cupo la  will 
r e q u ir e  fo r  e ach  to n  22,000 cub. f t .  o f f re e  a i r  p e r  
h o u r , o f  365 cub. f t .  o f free  a ir  p e r  m in u te . I t  
h a s also been  show n t h a t  in  p ra c t ic e  fo u n d ry  
cupolas a re  ra re ly  m e t w ith  w o rk in g  a t  so h ig h  an  
efficiency. I t  is u su a l to  allow fro m  ab o u t 400 to  
500 cub. f t .  of f re e  a i r  p e r  m in ., v a ry in g  in v ersely  
w ith  th e  size of th e  cupola . T h is  a m o u n t of a ir  
m u s t be  d e liv e red  in  such  a w ay  to  th e  cupo la  
t h a t  i t  is  evenly  d is tr ib u te d  th ro u g h  th e  b u rn in g  
coke to  effect as n e a r ly  as possib le i ts  p e r fe c t  com 
b u s tio n . I n  o th e r  w ords, i ts  v e lo c ity  m u s t  be  such
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t h a t  i t  is n o t too g r e a t  th e re b y  fo rc in g  th e  m eltin g  
zone too  h ig h  up  th e  cupola , n o r m u st i t  be too 
slow to  tr ic k le  up  th e  sides of th e  cupola , cau s in g  
ca rb o n  m onoxide to  b u rn  in  th e  h ig h e r p a r ts  of 
th e  ch arg e . I t  w ill be n o ticed  in  these  co n d itio n s 
n o t  a  w ord  is sa id  a b o u t th e  p re ssu re  of th e  b las t. 
A ir p re ssu re  is o n ly  a  necessary  evil to  force th e  
d esired  q u a n ti ty  of a ir  th ro u g h  th e  charg e— i t  only 
in d ic a te s  th e  velocity , .and th is  is th e  on ly  usefu l 
fu n c tio n  i t  p e rfo rm s  in  co n n ec tio n  w ith  cupola 
m eltin g . I f  th e  ve locity  could be o b ta in e d  w ith o u t 
p re ssu re , i t  w ould  save a  v e ry  v a s t sum  in  th e  cost 
of th e  p o w er ta k e n  to  c re a te  th e  b la s t. F o u n d ry -  
m en h av e  to  do w ork an d  p ay  fo r  pow er to  com
p re ss  th e  a ir  only to  le t  i t  e x p a n d  a g a in  in side  
th e  cupola . I t  is v e ry  e v id en t, th e re fo re , t h a t  to  
o b ta in  econom ical w o rk in g  th e  p re ssu re  m u s t be 
k e p t as low as possible w ith o u t red u c in g  th e  
ve locity  too m uch.

T he re s is tan c e  to  th e  p assage  of th e  a ir  th ro u g h  
th e  cupo la  is m ad e  u p  of (1) th e  b u rd e n  o f th e  
iron  an d  fuel c h a rg e  in  th e  c u p o la ; (2) th e  f r ic tio n  
of th e  a i r  p assin g  th ro u g h  th e  tu y e re s  an d  (3) th e  
f r ic t io n  of th e  a ir  p a ss in g  th ro u g h  th e  p ip es  an d  
p assages be tw een  th e  blow er a n d  cupo la . The 
b u rd en  of th e  iro n  a n d  fu e l m u s t ex is t, an d  we 
c a n n o t a lte r  i t ,  th e re fo re  th e  cupola  d esig n er m u st 
confine h is a t te n t io n  to  th e  re d u c tio n  of re s is tan c e  
in  tu y e re s , p ip es an d  passages.

T h e  a u th o r  h a s  a lre ad y  p o in te d  o u t  t h a t  from  
his ex p erien ce  a  to ta l  tu y e re  a re a  of a p p ro x im a te ly  
o n e - th ird  o f th e  h e a r th  a re a  is n o t  too g re a t ,  an d  
w ith  th e  c o rre c t q u a n ti ty  of b la s t gives th e  c o rrec t 
velocity . T uyeres m ay  be c irc u la r  o r  oblong, b u t 
th e  ch ief e ssen tia l is t h a t  th ey  should  be be ll
m o u th ed  on th e  a i r  b e lt s ide  (F ig . 7), a n d  also 
increase  in  cross sec tio n al a re a  as th ey  e n te r  th e  
cupo la . T h is fo rm s w h a t is called  a vena  co n tra cta  
o rifice, w hich  w ill pass any  g iven  q u a n ti ty  of a ir  
w ith  th e  m in im u m  a m o u n t o f re sis tan ce . In  a d d i
tio n , th is  sh ap e  g ives a good sp re ad in g  effect to  th e  
b la s t  in sid e  th e  cupo la . P ip e s  a n d  passages can 
be d e a lt  w ith  by  k eep in g  th e i r  cross-sectional a rea  
la rg e , av o id in g  sh a rp  bends in  th e  p ip e  line  and 
k e ep in g  th e  b low ing u n i t  a s  n e a r  to  th e  cupola  
as p ra c tic a l.

A w a te r  g auge  read ing  ta k e n  a t  th e  cupola  a ir
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b e lt, a n d  also a t  t h e  o u tle t  o f  th e  b low er, w ould in  
som e fo u n d rie s  w hich  th e  a u th o r  h a s  v is ite d  show 
such  a  d ifference  t h a t  th e  u se rs  w ould  be asto u n d ed  
a t  th e  a m o u n t of m oney th e y  w ere  d a ily  th ro w in g  
in to  th e  b la s t  m a in  in  th e  fo rm  of w asted  pow er.

Disposition of Tuyeres.
T he a u th o r  believes in  h a v in g  tw o  row s o f tu y e re s  

in  a  cupola , p re fe ra b ly  w ith  c o n tro l va lv es o n  th e  
to p  ro w ; th is  a r ra n g e m e n t g ives a  b e t te r  d is t r ib u 
t io n  of b la s t  a n d  e n ab les  a  b e t t e r  c o n tro l  to  be 
m a in ta in e d  on  th e  m eltin g , ©specially in  th e  la te r  
s tag es  w hen th e  cupo la  is v e ry  h o t.

A w o rd  o n  th e  vexed  q u e s tio n  of sem i-p o sitiv e  
b low ers v e rsu s c e n tr ifu g a l  fan s. A lth o u g h  i t  m ay  
be co n sid ered  t h a t  th e  a u th o r  m ay  be p re ju d ic e d  
on th is  su b je c t, he  m a in ta in s  t h a t  fo r  c o rre c t m e lt
in g  c o n d itio n s  a  p o s itiv e  o r  sem i-positive  b low ing  
a p p a r a tu s  is  a n  e sse n tia l .  All th e  a rg u m e n ts  
ad v an ced  in  th is  P a p e r  fo r  successfu l cu p o la  o p e ra 
t io n  a re  based  on  c o rre c t fu e l co n su m p tio n , in  i ts  
t u r n  e n tire ly  d e p e n d e n t on  th e  c o rre c t q u a n t i ty  of 
b las t.

Blowing Apparatus.
T he on ly  b low ing  a p p a r a tu s  w hich  is  e n tire ly  

cap ab le  o f su p p ly in g  a  know n q u a n t i ty  of b la s t 
u n d e r  v a ry in g  co n d itio n s  of re s is tan c e  is th e  old- 
fa sh io n ed  re c ip ro c a tin g  b low ing  en g in e . T he 
m ach in e  w hich  comes n e x t  in  o rd e r  o f  m e r i t  cap ab le  
o f d o in g  th is  is th e  R o o ts  b low er. T h e  b low ing 
e n g in e  is cum bersom e a n d  h a s  th e  d is a d v a n ta g e  of 
c re a tin g  a  'p u lsa tin g  b la s t, b u t  s t i l l  i t  c a n  m ea su re  
o u t  th e  sam e vo lum e re v o lu tio n  by  re v o lu tio n  
in d e p e n d e n t of a n y th in g  t h a t  is h a p p e n in g  in  th e  
cupola .

T he vo lum e fro m  a  R o o ts  b low er ru n n in g  a t  con
s t a n t  speed  v a r ie s  b u t  v e ry  l i t t le  fo llow ing  v a r ia 
tio n s  in  re s is tan c e . A t  th e  u su a l sp eed  a t  w hich 
i t  is r u n  th e  p u lsa tio n s  o f th e  b la s t  a re  h a rd ly  
p e rce p tib le . T h e  c e n tr ifu g a l  fa n  p ro d u c es  th e  
p re ssu re , o r  v e lo c ity  o f th e  a ir ,  by  th e  speed o f th e  
c ircu m fe ren ce  o f th e  disc, so t h a t  if  i ts  speed is 
c o n s ta n t an y  re d u c tio n  in  th e  re s is tan c e  of th e  
cu p o la  im m ed ia te ly  causes a n  in c rease  in  th e  vo lum e 
of a ir ,  w h ile  an y  in c rease  in  th e  re s is ta n c e  ra p id ly  
red u ces th e  vo lum e d e liv e red , a  c o n d itio n s  m ost 
u n d e s ira b le  fo r  c o n s is ten t m e ltin g .
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E le c tr ica lly -d riv en  fa n s  w ork in g  on a  d irec t 
c u r re n t  su p p ly  a re  so a r ra n g e d  t h a t  any  fa ll in g  off 
in  th e  volum e of a i r  a u to m a tica lly  b rin g s  ab o u t 
an  in c rease  in  speed. T h is  overcom es th e  difficulty 
to  a c e r ta in  e x te n t,  b u t  th is  can n o t be accom plished 
w ith  th e  b e lt-d r iv en  ty p e .

T he a u th o r  is aw are  t h a t  th e re  a re  m an y  in s ta l
la tio n s  w o rk in g  s a t is fa c to r i ly  w ith  c e n tr ifu g a l fa n s , 
so h e  ad vances h is  o p in ions w ith  a c e r ta in  a m o u n t 
of d e feren ce , a lth o u g h  w ith  n o n e  th d  less convic
t io n . E ig . 8 shows a  K e ith -B la ck m an  fa n  and  
m o to r m o u n te d  on th e  sam e bed, an d  F ig . 9 a 
cu p o la  in s ta l la t io n  b e in g  d riv en  by th is  m ethod .

T he la te s t  dev elo p m en t in  R o o ts  blow ers, b u ild 
in g  th e m  th ro u g h o u t  on p rec is io n  ro lle r  b ea rin g s , 
enab les th em  to  be  r u n  a t  m uch  h ig h e r  speeds, so 
t h a t  m uch  sm a lle r m ach ines a re  now in s ta lled  fo r 
an y  g iven  d u ty , w h ils t th e  h ig h e r  speed gives 
increased  efficiency. F ig . 10 shows a  T h w aites  
d irec t-co u p led  h ig h -sp e ed ‘m oto r d riv en  blow er. I t  
is  f i tte d  w ith  H o ffm an  ro lle r  b ea rin g s . T he 
m ach in e  is to ta lly  enclosed. T he sm alle r sizes of 
th ese  m ach ines can  ru n  u p  to  1,500 r .p .m .

Hot Blast Cupolas.
W h ils t d ea lin g  w ith  th e  q u estio n  of b la s t i t  m ig h t 

be as well to  r e fe r  to  h o t  b la s t  fo r cupolas. S ev era l 
a tte m p ts  h av e  been m ade  to  in tro d u c e  th is , b u t 
w ith  l i t t le  success, as th e  av erag e  fo u n d ry  cupola  
re m a in s  such  a c o m p ara tiv e ly  sh o rt  tim e  in  b la s t 
t h a t  an y  h e a t  t h a t  is im p a r te d  to  th e  b la s t  only 
p ro d u c es  a n  e ffec t to w a rd s  t h e  -end o f th e  blow. I t  
is obvious t h a t  if  a sa tis fa c to ry  and  re liab le  hot 
b la s t cupola  could be devised, an  im p ro v em en t 
would be m ade in  th e  th e rm a l efficiency o f th e  
cupola.

F ig . 11 il lu s tra te s  a hot' b la s t  cupo la  o f G erm an  
design . I t  in co rp o ra te s  an  a r ra n g e m e n t s im ila r  to  
a  C ow per re g e n e ra to r  fo r b la s t  fu rn ac e s .

T h is cupo la  a p p a re n tly  w orks a p p ro x im ate ly  10 
h o u rs  co n tin u o u sly  p e r  day, a n d  i t  is cla im ed  th a t  
th e  coke consum ption  does n o t exceed 145 lb. p e r 
to n , which m eans a th e rm a l efficiency of over 60 
p e r cen t.

A nalysis o f th e  w aste  gases gave 5 p e r  cen t. CO 
a n d  14 p e r  cen t. CO,, a lm ost th e  ideal an alysis 
la id  dow n a t  th e  b eg in n in g  o f th is  P a p e r . The
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cu p o la  is 36 in . in te rn a l  d ia m e te r , m e lts  5} to n s 
p e r  h o u r, g iv in g  a  h e a r th  a re a  of 180 sq. in . p e r  
to n  a n d  is su p p lied  w ith  2,650 cub. f t .  of a ir  p e r  
m in . o r  480 cub. f t .  p e r  m in . p e r  to n  p e r  h o u r.

The Mechanical Charging of Cupolas.
T he m ech an ica l c h a r g in g  o f cu p o las is b y  no 

m ean s a  n o v e lty . I t  is b e in g  c a r r ie d  o u t  success
fu lly  in  A m erica , G e rm an y , F ra n c e  a n d  B elg ium  
a n d  also to  a l im ite d  e x te n t  in  th is  c o u n try .

In  sp i te  of th is  fa c t ,  in  e a c h  o f th e se  c o u n tr ie s  
therey  s ti ll  e x is t  p ra c t ic a l  fo u n d ry m en  of w ide 
ex p erien ce  who c la im  t h a t  m ech an ica l c h a rg in g  of 
cupo las c an n o t g ive such good m e ltin g  r e s u l ts  as 
th e  o ld er m eth o d  o f h a n d  c h a rg in g .

T h e  a u th o r  is of th e  o p in io n  t h a t  th e se  g e n tle 
m en  m u st h a v e  som e v e ry  good reaso n  to  b ack  u p  
th e i r  op in ions. P ro b a b ly  th is  reaso n  can  be t r a c e d  
back  to  an  e x p e rim e n t c a r r ie d  o u t  w ith  som e fo rm  
of m ech an ica l c h a rg in g  a p p a r a tu s  t h a t  w as n o t 
p ro p e rly  co n s tru c ted  a n d  th e re fo re  g av e  b a d  
re su lts .

T h e re  is no reaso n  w hy a cupo la  should  n o t  be 
c h arg ed  by m ech an ica l m ean s to  g iv e  a t  a n y - ra te  
re su lts  eq u a l to  th o se  of h a n d  c h a rg in g , a n d  u n d e r  
c e r ta in  co n d itio n s  b e t t e r  a n d  m o re  c o n s is te n t r e 
su lts  c a n  be  o b ta in e d , a s  th e  h u m a n  e le m e n t is  to  
a  g r e a t  e x te n t  e lim in a te d .

I t  is d ifficu lt to  conceive t h a t  a n  o p e ra to r  can  
th ro w  th e  p ig -iro n  in to  a  cu p o la  in  su ch  a w ay  
t h a t  each  p ig  lies beside  its  n e ig h b o u r a n d  fo rm s a 
p e rfe c t lay e r, especially  w hen  th e  p ig s h a v e  to  be 
th ro w n  in to  th e  fu rn a c e  door from  w hich  h o t  gases 
a n d  even flam es m ay  be issu in g .

As a  th e o re tic a l a rg u m e n t th e  p o ss ib ility  of d o ing  
th is  c an  be ad v an ced , b u t  an y o n e  w ho h a s  sp e n t 
som e tim e  on a  fo u n d ry  cu p o la  p la tfo rm  w h ile  th e  
cupo la  is  in  b la s t  w ill h a v e  n o tic e d  t h a t  to  avo id  
th e  h e a t  of th e  gases issu in g  fro m  th e  fu rn a c e  th e  
o p e ra to r  g en era lly  h a s  becom e sk illed  in  th ro w in g  
th e  p ig -iro n  th ro u g h  th e  fu rn a c e  door w h ile  h is 
back  is tu rn e d  to w a rd s  i t .

Methods Used.
T h e  m ech an ica l c h a rg in g  of cu p o las m ay  be p e r 

fo rm ed  in  sev era l w ays. F i r s t  by  th e  in c lin ed  skep 
h o ist w hich e lev a tes  sm all tru c k s  from  th e  g ro u n d



level a n d  t ip s  fu e l an d  coke d ire c tly  in to  th e  
cupo la . T h is system  is ap p licab le  fo r  sm all or
m ed ium -sized  m e ltin g  u n i ts  a n d  does aw ay w ith  
th e  n ecessity  o f a  c h a rg in g  p la tfo rm .

Secondly , by e le v a tin g  sm all w agons co n ta in in g  
th e  necessary  ch arg es by m eans of a  h o is t to  th e  
p la tfo rm  level. T he tru c k s  ru n  on ra ils , an d  by 
m ean s of tu rn ta b le s  can  be b ro u g h t d irec tly  oppo
s ite  th e  c h a rg in g  door of th e  cupola, w here th e ir  
c o n te n ts  a re  t ip p e d  d ire c tly  in to  i t .

T h ird ly , by a n  o v e rh ead  ru n w a y  system  h a v in g  
e lec tr ica lly  o p e ra te d  h o is tin g  g e a r  which lif ts  th e  
m a te r ia l  d irec tly  fro m  th e  s to ck y ard  an d  delivers it 
d ire c tly  in to  th e  cupolas.
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F ig . 1 2 .— S h o w in g  T ru c k s  in  t h e  A c t o f  
T ip p in g  C o n te n ts  in to  t h e  C upola.

W hen  a  new  fo u n d ry  is b e in g  co n stru c ted  i t  is 
well w o rth  ta k in g  in to  co n sid e ra tio n  th e  possib ility  
of a r ra n g in g  th e  ra ilw ay  sid in g  upon which th e  
incom ing  m a te r ia l  a rr iv e s , so t h a t  th e  en d  a t  which 
th e  m a te r ia l  is d isch arg ed  is on th e  sam e level as 
th e  c h a rg in g  door of th e  cupolas.

I n  som e cases th e  n a tu r e  o f th e  g ro u n d  upon 
w hich th e  fo u n d ry  is e rec te d  m akes th is  a sim ple 
m a tte r  to  accom plish , b u t  u n d e r  an y  co n d itio n s i t  
is n o t a v ery  d ifficu lt m a t te r  to  p ro v id e  fo r  a s id ing  
g ra d u a lly  r is in g  aw ay  from  th e  ra ilw a y  t r a c k  to  
th e  u l t im a te  d e s tin a tio n  of th e  tru ck s .

T he m eta l a n d  fu e l a r r iv in g  by th is  s id in g  can 
e i th e r  be  d u m ped  d irec tly  from  th e  ra ilw ay  tru c k  
by m eans o f an  overh ead  tra v e llin g  c ran e  in to  th e  
s to ck y ard  o r  p laced  in to  sm all w agons ru n n in g  on



ra ils  le a d in g  to  th e  a c tu a l  c h a rg in g  d oor o f  th e  
cupolas.

S e v e ra l m eth o d s can  be a d o p te d  f o r  th e  a c tu a l  
t ip p in g  o f th e se  t r u c k s ; th e  t r u c k  its e lf  m ay  h e  
o f th e  t ip p in g  ty p e . W h en  i t  a r r iv e s  a t  th e  p re 
d e te rm in e d  p o in t  i t  c an  be  t ip p e d  e i th e r  by  h a n d  
o r by  a  sm all p n e u m a tic  l i f t  p laced  im m e d ia te ly  
o ver i t  so t h a t  i t s  c o n te n ts  d ro p  in to  a  c h u te  le a d in g  
d irec tly  in to  th e  cupola .

3S0

A n o th e r m eth o d  w hich  is  used  p r e t ty  g e n era lly  
in th e  U n ite d  S ta te s  is to  h av e  a p n e u m a tic a lly  
o p e ra te d  h in g ed  p la tfo rm  im m ed ia te ly  o p p o site  th e  
c h a rg in g  door, th e  t r u c k  b e in g  p u sh ed  on  to  th is , 
locked  in  p o sitio n  a n d  is  th e n  p u sh e d  o v e r b y  th e  
p n e u m a tic  c y lin d e r to  such  a n  a n g le  t h a t  i ts  con
t e n ts  a r e  t ip p e d  in to  th e  cu p o la .

T h is  a r ra n g e m e n t is  i l lu s t r a te d  in  F ig . 12.
T he a u th o r  is  aw are  t h a t  th e re  a re  sev era l 

fo u n d ries  in  th is  c o u n try  so s i tu a te d  t h a t  th e  
m a te r ia ls  fo r  th e i r  cupo las a re  d e liv e red  fro m  th e



ra ilw a y  s id in g  on to  th e  a c tu a l p la tfo rm  level, b u t 
v e ry  few  o f th em  a p p e a r  to  ta k e  fu ll a d v a n ta g e  of 
th is  lab o u r-sav in g  co n d itio n  by h a n d lin g ' th e  
m a te r ia l  d ire c tly  from  th e  tru c k s  in to  th e  cupolas 
by m echan ical m eans. T h e  m a jo r i ty  s ti ll  a p p e a r  to  
p re fe r  to  s ta c k  th e  m a te ria l  on th e  p la tfo rm  and  
a f te rw a rd s  c h a rg e  i t  by  h a n d  in to  th e  cupolas.

l o  r e tu rn  to  th e  cu p o la  in s ta lla tio n  w here  th e  
m a te r ia l  is b ro u g h t e ith e r  by ra ilw a y  w agon o r  by

F ig .  14.— S h o w in g  A p p lic a tio n  o f  

t h e  Skep  H o i s t  to  Tw o C u p o las .

ro ad  veh ic le  to  th e  fo u n d ry  floor level, we find th a t  
th e  u su a l p ra c tic e  is to  s ta ck  th e  p ig -iro n  accord
ing  to  th e  v a rio u s q u a litie s  in  th e  s to ck y ard . I t  is 
need less to  say  in  p a ss in g  t h a t  th e  fu e l should  be 
k e p t u n d e r  cover to  avoid  abso rb in g  unnecessary  
m o is tu re  from  th e  w eath e r.

I n  th is  case, if  we decide upon m echanical 
c h a rg in g , we th e n  hav e  th e  choice of th e  th re e  
m ethods m en tioned  e a r lie r  in  th is  P a p e r  of t r a n s 
p o r tin g  th e  m a te r ia l  in to  th e  fu rn ac e  itself.
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U n d o u b ted ly  in  th e  case o f  th e  sm all- o r  m ed iu m 
sized fo u n d ry  h a v in g  n o t m ore  th a n  tw o cupo las, 
th e  o n ly  m eth o d  w hich  w ould n o t  be p ro h ib it iv e  
in  f irs t  cost is t h e  in c lin ed  skep  h o is t.

F ig . 13 i llu s tra te s  an  a p p a r a tu s  of th is  n a tu r e  
o p e ra t in g  in  co n n ec tio n  w ith  a  cu p o la  of 4-J- to n s  
c a p a c ity  p e r  h o u r. T he h o is t its e lf , w hich  is

F i g . 1 5 .— A  B r i t i s h  M e c h a n ic a l l y - c h a r g e d  
C u p o l a  P l a n t .

o p e ra te d  by  an  e le c tr ic  m o to r, is f i tte d  w ith  a 
c rad le  ru n n in g  in  th e  a n g le -iro n  fram ew o rk .

T h is c a r r ia g e  is f itte d  w ith  g u id in g  ra ils  a n d  a 
lock ing  device, so t h a t  tru c k s  f i tte d  w ith  e ith e r  
flanged  o r f la t  wheels acco rd in g  as i t  is considered  
d esirab le  to  ru n  th em  on a  f la t  su rfa c e  o r  ra ils , 
a re  loaded  w ith  th e  necessa ry  p ig - iro n  a n d  fu e l in
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th e  s to c k y ard , pass  o v e r a w eig h b rid g e  to  check 
th e  am o u n t, a n d  a re  th e n  w heeled in to  th e  c rad le . 
T he h o is tin g  m echanism  th e n  e lev a tes  th e  c rad le  
w ith  th e  t ru c k  an d  t ip s  th e  c o n te n ts  of i t  d irec tly  
in to  th e  cupola .

F io m  F ig . 13 i t  w ill he seen t h a t  a  special fo rm  
of h o p p e r is f itted  to  th e  cupo la  which causes th e  
c o n te n ts  o f  th e  t ru c k  to  slide  slowly in to  th e  
cupola , a t  th e  sam e tim e  sp re a d in g  i t  so t h a t  th e re  
is no ten d en cy  fo r  th e  ch arg e  to  heap  up  a g a in s t 
e ith e r  one o r o th e r  side  of th e  cupola lin ing .

F ig . 16.— I llustrating  a M ethod of 
M echanically Charging  two or 

more C upolas.
I t  w ill, o f  course, be obv ious t h a t  w ith  an  

a p p a ra tu s  of th is  n a tu r e  i t  is n o t possible to  ch arg e  
th e  cupola  r ig h t  u p  to  th e  level of th e  c h a rg in g  
door, as, w ere th is  done, th e  la s t ch arg e  would lie 
a t  a n  an g le  in  th e  cupola , a n d  co n sequen tly  as i t  
w orked down su b seq u en t ch arg es would also be  a t  
an  ang le , c au sin g  th e  a l te rn a te  lay e rs  o f coke and  
iro n  to  p a r tia l ly  m ing le  and  n o t lie  h o rizo n ta lly  
upon  o ne  a n o th e r.

W h en  th e  skep h o is t is su p p lied  w ith  new 
cupolas, t h e  c h a rg in g  door is a r ra n g e d  a t  a 
g re a te r  h e ig h t th a n  s ta n d a rd  p rac tice . W here
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th is  ty p e  o f m ach in e  is in s ta lle d  w ith  e x is tin g  
cu p o las  i t  is  u su a l to  c u t  a c h a rg in g  door a t  a  
h ig h er level Ithan th e  e x is tin g  door to  m a in ta in  
th e  c h a rg e  a t  th e  o r ig in a l w o rk in g  h e ig h t .  I t  w ill 
be  observed  t h a t  th e  h o is tin g  m ech an ism  fo rm s 
p a r t  o f th e  m ach in e , a n d  is so a r ra n g e d  t h a t  o n e  
s im ple  h a n d  lever o p e ra te s  th e  a sc en d in g  a n d  
d escen d in g  m ovem en ts of th e  c rad le , a n d  w hen le t 
go a u to m a tic a l ly  p u ts  on a  b ra k e  h o ld in g  th e  
c rad le  in  a n y  p o sitio n .

W h en  th e  b u c k e t t ip s  a t  th e  to p  i t  a u to m a tic a lly  
b r in g s  th e  lever to  t h e  c e n tra l  p o sitio n , a p p ly in g  
th e  b ra k e .

T h is  size m ach in e  h a s  a  c a p a c ity  of 6 ew ts . of 
iro n  an d  ^ cwtt. of coke so t h a t  to  keep  in  b la s t a 
c u p o la  o f 4 |  to n s  of iro n  p e r  h o u r , a b o u t 33 
jo u rn e y s  h av e  to  be  m ade , oir o ne  jo u rn e y  in  every  
I f  m in u te s .

iSeveral o f th ese  sk ep  h o is ts  a re  w ork in g  s a t is 
fa c to r ily  in  th is  c o u n try , a n d  i t  w ill be obvious 
t h a t  th e y  re p re se n t  a  s a v in g  in  la b o u r  a n d  a  b e t te r  
co n tro l o v e r th e  c h a rg in g  of th e  cu po la . F ig .  14 
shows i ts  a p p lic a tio n  to  tw o cupo las, a n d  F ig . 15 
a  B r i t ish  in s ta l la t io n .

T h e  second m eth o d  of m ec h an ic a l c h a rg in g  is 
i l lu s t r a te d  in  F ig . 16, a.nd th e  a u th o r  is  in d eb te d  
to  M o n sieu r T hom as, o f  th e  .firm o f  A. P i a t  & 
C om pany , of .Soissons, F ra n c e .

I t  w ill be seen  t h a t  th is  system  is v e ry  s im ila r  
to  th e  sk ep  h o is t c h a rg e r  ex ce p t t h a t  a n  o rd in a ry  
h o is t  is u sed  to  e le v a te  th e  c h a rg e s  in  th e  flanged  
w heel tru c k s , a n d  w hen  th e y  a r r iv e  a t  th e  p la t 
fo rm  level th e y  a r e  m oved a long  ra i ls  p ro v id ed  to  
rece iv e  th em , u n t i l  th ey  a re  o p p o site  th e  re q u ire d  
cupo la , w hen th e i r  c o n te n ts  a re  t ip p e d  d ireo tly  
in to  th e  fu rn a c e  door.

A n oval-shaped  t ru c k  is p ro v id ed  on th e  g ro u n d  
level, w hich  enab les th e  tru c k s  to  m ove in  one 
d irec tio n  when com ing  from  o r r e tu r n in g  to  th e  
sto c k y ard .

A n o th e r  in te re s t in g  m eth o d  of h a n d lin g  th ese  
lad e n  tru c k s  on  th e  p la tfo rm  is  show n in  F ig . 17, 
which h a s  been  ta k e n  from  a  w ell-know n A m erican  
ca ta lo g u e . T h e  a u th o r  h as seen th is  m e th o d  in 
successful o p e ra tio n  in  th e  S ta te s  in  sev era l p la n ts .

T h e  loaded  tru c k s  w hen a r r iv in g  a t  th e  p la t 
form  level a re  p laced  on to  a n  e le c tr ica lly -o p e ra te d
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t r a n s p o r te r  h a v in g  on  i t  a  tu rn ta b le .  T his t r a n s 
p o r te r  m oves th e  tru c k s  opposite  one o r moire se ts 
o f rails', w hich lead  d ire c tly  to  th e  sides of th e  
cu p o la  c h a rg in g  doors a n d  a lso to' o th e r  ra ils  p ro 
v id ed  o n  th e  p la tfo rm  fo r  k eep in g  loaded tru c k s  in 
p o sitio n  fo r  ra p id  oh arg in g .

I n  th e se  p la n ts  th e  coke was n o t  h a n d le d  in  th e  
sam e way, b u t  w as s to re d  in  h oppers a t  a h igher 
level th a n  th e  cu p o la  p la tfo rm , a n d  by m eans of a 
sp ec ia lly  a r ra n g e d  s h u t te r  th e  c o rre c t q u a n ti ty  of 
coke w as l ib e ra te d  from  th ese  h o p p e rs  a n d  allowed 
to  fa ll  d ire c tly  in to  th e  cupola  c h a rg in g  doors.

T he n e x t  m e th o d  o f c h a rg in g  cupolas, which is 
c e r ta in ly  exp en siv e  to  in s ta l  b u t  en su res th e  
m echan ical h a n d lin g  of th e  m a te r ia l  d irec tly  from  
th e  s to c k y a rd  to  th e  cupola , is i llu s tra te d  in

F i g . 17.— A m e r ic a n  M eth o d  of H an d lin g  
C upola  T r u c e s .

F ig . 18, w hich is a lso ta k e n  from  p a r tic u la r s
su p p lied  by M o n s ieu r Thom as, o f P i a t  e t  C ie., who 
h a s  su p p lied  th e  follow ing p a r t ic u la r s :  —

“  T ack lin g  th e  prob lem  by a n  e lec tric  overhead  
ru n w a y  is, in  my o p in io n , th e  m o st sa tis fac to ry , 
y e t  a t  th e  sam e tim e  is th e  m ost ex p en 
sive . F ig . 18 shows how we ap p ly  i t  to
th e  c h a rg in g  of th e  cupolas in  o u r  steel
fo u n d ry . I t  is u sed  fo r  tw o d is t in c t  p u rp o se s : (1) 
D isch a rg in g  a n d  s to r in g  coke in  bins, th e  bottom s 
of which a re  p laced  on th e  f irs t s ta g e  p la tfo rm ; 
(2) th e  c h a rg in g  of th e  cupolas on th e  second 
s tag e . T h e  coke ra ilw a y  wagon w hich h a s  to  be 
d isch arg ed  is a t  (a), tw o w orkm en th row  th e  con-

o
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te n ts  by m eans of a  coke fo rk  in to  th e  tu b  ( b ) ,  
w hich  h a s  a  c a p a c ity  of -1J cub ic  m e tre s . W h en  
th is  is fu ll,  a  w orkm an , by o p e ra t in g  th e  c o n tro lle r  
(c) ra ises  th e  tu b  to  th e  level of th e  ov erh ead  
beam , a n d  a t  th e  sam e  t im e  se ts  i t  m ov ing  in  th e  
d ire c tio n  o f th e  a rro w . T h e  m o m e n t th e  tu b  
passed  a  se lec ted  p o in t  (H ) on  th e  b in  b e in g  filled 
i t  com es in  c o n ta c t  w ith  a n  a d ju s ta b le  a rm  which 
causes i t  to  t ip .

“  As soon a s  th e  coke is e m p tied  th e  b u ck et

r e tu rn s  to  i ts  n o rm al p o sitio n  a n d  c o n tin u e s  t r a v e l
lin g  on th e  ru n w a y  u n t i l  i t  a r r iv e s  a t  th e  p o in t  i t  
s ta r te d  fro m , w here  by  a g a in  o p e ra t in g  th e  co n 
tro lle r  i t  descends to  th e  g ro u n d  level in  o rd e r  to  
be refilled . T h u s , th e  d isc h a rg in g  of a w agon 
c o n ta in in g  20 to n s of coke is  re a d ily  c a r r ie d  o u t  
by two m en  in  45 m in u te s  a n d  w ith  th e  m in im u m  
a m o u n t of e x e r tio n  since  th e  to p  o f th e  tu b  is 
ex ac tly  level w ith  th e  b o tto m  o f th e  w agon.



“ T he c h a rg in g  o f  cupolas is c a r r ie d  o u t as 
fo llo w s: —

“ A sm all w agon filled w ith  p ig -iro n  by
m eth o d s w hich  we sha ll discuss la te r— is w a itin g  
a t  th e  g ro u n d  level a t  th e  d e sp a tch in g  p o sitio n  d , 
th e  w o rkm an  on th e  second s ta g e  c h a rg in g  p la r i  
fo rm  o p e ra te s  a  c o n tro lle r  (2) which causes th e  
hook o f th e  e le c tr ic  w inch to  descend, th is  w inch 
be ing  a tta c h e d  to  a  c a r r ia g e  on th e  o v e rh ead  r u n 
w ay, a n d  h a v in g  b een  b ro u g h t to  r e s t  im m edia te ly  
over th e  sm all w agon. T he w o rk m an  in  th e  stock
y a rd s  o n  th e  g ro u n d  floor hooks on th e  w agon, 
w hich is th e n  ra is e d  to  . th e  level of th e  ov erh ead  
g ird e r  by  a n o th e r  o p e ra t io n  w ith  th e  c o n tro lle r
(2). T h en  th e  e le c tr ic  w inch  w ith  i ts  lo ad  s ta r ts  
a u to m a tic a lly  to  m ove a lo n g  in  th e  d irec tio n  of 
th e  a rro w , and  finally  is au to m a tica lly  s topped  in 
f r o n t  of th e  cu p o la  w hich i s  in  ¡blast. T he cupo la  
c h a rg e r  o p e ra te s  a  sm all lev e r a tta c h e d  to  th is  
cu p o la  which t ip s  th e  w agon an d  allow s its  con
te n ts  to  be  c h arg ed  d irec tly  in to  th e  cupola , th en  
by th e  f u r th e r  o p e ra tio n  of one o r o th e r  o f th e  
co n tro lle rs  on  th e  p la tfo rm  acco rd in g  to  which 
cupo la  is in  b las t, th e  em p ty  w agon is c a rried  
fo rw a rd  on th e  ru n w a y  a n d  finally  stops a t  B 
o p p o site  th e  rece iv in g  position .

“  T he second w orkm an  em ployed in th e  stock
y a rd  by o p e ra tin g  c o n tro lle r  (1) causes th e  em p ty  
w agon to  descend. T his w agon is f itte d  w ith  
whole tra v e ls  on th e  o verhead  ru n w a y  u n t il  i t  
t r a c k  b  a , w hile th e  hook w hen fre e d  from  th e  
wagon is e lev a ted  by th e  e le c tr ic  w inch, an d  th e  
whole t ra v e ls  on th e  o v erh ead  ru n w a y  u n t i l  i t  
a rr iv e s  im m ed ia te ly  o p p o site  th e  d e sp a tc h in g  posi
t io n , land so on.

“  E x am in e  t h e  w ork a c tu a lly  c a rr ie d  o u t  in  th e  
s to ck -y ard  an d  on  th e  c h a rg in g  p la tfo rm , an d , 
assu m in g  th a t  co stin g  o p e ra tio n s  only ta k e  place 
in  th e  'a fte rn o o n , th e  m o rn in g  is confined to  th e  
p re p a ra tio n  an d  th e  s to ra g e  of th e  m eta l a n d  fuel 
re q u ire d  fo r m e ltin g . I n  th e  stock-yaird tw o men 
a re  em ployed b re a k in g  u p  th e  necessary  p ig -iron  
in  f r o n t  of each s ta c k  by m eans of an e lectrica lly - 
o p e ra te d  p ig -b rea k er. T hese a re  c a rried  to  th e  
s to ra g e  g ro u n d  fo r  b roken  p ig -iron  by m eans of 
an  e le c tr ic  locom otive c ra n e  f i tte d  w ith  a n  e lectric  
m ag n e t. T h e  sam e w orkm en d isch arg e  th e  coke
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a n d  p ig -iro n  f ro m  o u ts id e  w agons, as h a s  been  
p rev iously  d escribed .

“ O n th e  c h a rg in g  p la tfo rm  a  m an  is em ployed  
filling  a  c e r ta in  n u m b e r o f  f la t  b a sk e ts  w ith  coke, 
w hich  h e  h a s  p re v io u s ly  l i f te d  o u t  o f  th e  s to ra g e  
b ins, a n d  h e  p laces th e m  a t  d  close to  th e  cup o las , 
t ie  a lso ass is ts  h is  tw o m a te s  in  th e  s to c k -y a rd  
m  th e i r  w o rk ; th is  m an  is  in  c h a rg e  o f th e  w ork 
ing  of th e  cupolas.

“ D u r in g  c a s tin g , th e  w orkm en  in  th e  s to ra g e  
y a rd  rece iv e  th e  e m p ty  w agon  a t  e , ru n  i t  o v e r 
th e  w eigh b r id g e  fo r  th e  sc rap  iro n  a t  F, w here

F ig . 19.— E le c t r ic  Overhead  
Runw ay.

th e  n ecessa ry  q u a n t i ty  o f sc ra p  iro n  is c h a rg e d  
in to  th e  w agon , th e n  o n  to  a  m u lt ip le  a rm  w eigh
in g  b r id g e  a t  g , w h ere  th e  c h a rg e  is com p le ted  
w ith  th e  b ro k en  u p  n e w  p ig -iro n , se lec ted  ru n n e rs ,  
a n d  th e  necessa ry  w eighed o u t  flux, a n d  finally  
ta k e  i t  to  th e  p o sitio n  a t  d . O ne of th e se  m en  
th e n  hooks on th e  w agon to  th e  e le c tr ic  r u n 
w ay, w h ils t th e  o th e r  r e tu r n s  i t  to  th e  rece iv in g  
p o sitio n  e  to  re ce iv e  th e  e m p ty  w agon, a n d  so on .

“  T h e  w o rk m an  o n  th e  p la tfo rm  rece ives th e  
w agons o n e  a f te r  th e  o th e r , e m p tie s  th em  in to  th e  
cu po la , a n d  c h a rg e s  in  th e  necessa ry  fu e l b y  h a n d  
w hich  h e  h a s  p re p a re d  in  th e  m o rn in g .

“ A t  th e  sid e  o f  each  cupo la  on th e  c h a rg in g  
p la tfo rm , as well a s  in  th e  fo u n d ry  u n d e r  th e  a ir  
b e lt, a r e  tw o  k in d s  o f clocks, e le c tr ica lly  con
n ec ted , th e  faces o f  w hich  a re  m a rk e d  off in
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g ra d u a tio n s  ca re fu lly  c a lc u la te d  from  th e  ho ld in g  
c ap a c ity  o f th e  cu p o la . B efo re  s t a r t in g  m eltin g , 
th e  fo rem an  m ark s  on  th is  in d ic a to r  th e  d iffe ren t 
q u a lit ie s  of iro n  w hich  a re  re q u ire d . D u rin g  m elt
in g  each  tim e  th e  c h a rg e  is  t ip p e d  in to  th e  cupola , 
th e  w orkm an  on  th e  p la tfo rm  presses a  b u tto n , 
w hich m ak es  th e  n eed le  a d v an ce  o ne  d iv is io n  on 
each  o f th e  clocks. H e  th e n  is  a lw ays a w a re  a t  
a lre a d y  been  t ip p e d  in , a n d  he can  also check th e  
a lre ad y  b een  t ip p e d  in , a n d  he  can  also check th e  
n a tu r e  of th e  iro n  w h ich  is  b e in g  d e a lt  w ith . By 
th e  sam e  w ay, in  th e  fo u n d ry , an y  m em ber o f  the 
s taff, e i th e r  th e  m a n a g e r , fo rem an , or m oulders, 
know  a t  an y  m o m en t th e  k in d  o f m eta l which is 
c o n ta in e d  in  th e  h e a r th  o f  th e  c u p o la .”

I n  som e in s ta lla tio n s  w here  th is  ru n w a y  system  
is in  fo rce  th e  e lec tric  l i f t  h a n d lin g  th e  c h a rg in g  
b u c k e ts  is f i tte d  w ith  a  cab in  in  w hich  a n  o p e ra to r  
is sea ted — v ery  m u ch  a f te r  th e  s ty le  of th e  
lu g g ag e  t r a n s p o r te r  in  M a n c h este r  V io to ria  
S ta tio n . T h is  m eth o d  is i l lu s t r a te d  in  F ig . 19, 
w hich  is also ta k e n  from  a  well-know n A m erican  
c a ta lo g u e . F ro m  th is  i t  w ill b e  seen t h a t  th e  
D ucket a c tu a lly  e n te rs  th ro u g h  th e  c h a rg in g  door 
of th e  fu rn a c e  a n d  th e  c o n te n ts  a re  th e n  tipped .

DISCUSSION.
T he B r a n c h -P r e s id e n t  (M r. V . C. F a u lk n e r) , 

in in tro d u c in g  th e  le c tu re r , sa id  t h a t  M r. L ia rd e t  
was P r e s id e n t  o f th e  Wes+ R id in g  of Y ork sh ire  
B ra n c h  of th e  I n s t i tu te ,  x le  h a d  been connec ted  
w ith  M essrs. T h w a ites  B ros., th e  s tee l fo u n d ers , 
a n d  h a d  a lso  s tu d ie d  v e ry  in ten se ly  th e  m an u fa c 
tu r e  o f  m odern  cupolas. H e  h ad , how ever, 
re ce n tly  been  a p p o in te d  g en era l m an a g e r o f Ley- 
lan d  M oto rs , L im ite d .

Small Tilting Cupolas.
M r . G . H a h  sa id  he h a d  h a d  a  t i l t in g  cupola  

in s ta lle d  som e tim e  ago, b u t  th e  fu rn a c e m a n  h ad  
a sk e d  w hy i t  should  be t ip p e d  over, a n d  he  (M r. 
H a ll)  h a d  rep lied  t h a t  th e  m a in  reaso n  was fo r 
p a tc h in g -u p  purposes. I n  answ er to  a  f u r th e r  
q u estio n  as to  w h e th er h e  could craw l in side , M r. 
H a l l  h a d  to ld  th e  m an  he  cou ld  do so, b u t  th e
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o b jec t of th e  m a n u fa c tu re r  was to  av o id  th e  neces
s ity  fo r  d o ing  th a t .  T he fa c t  was, sa id  M r. H a ll,  
t h a t  th e  m an  h a d  n ev er t ip p e d  i t  since i t  w as 
in s ta lled . A t th e  sam e tim e , he co n sid ered  i t  was 
u se fu l to  be ab le  to  t ip  th e m  if  one so d es ired . 
H e , p e rso n a lly , w ould n o t  c a re  to  h a v e  to  g e t  
in s id e  a n y  o f th ese  sm all fu rn a c e s . D e a lin g  w ith  
th e  q u estio n  of d am ag e  to  th e  l in in g  o f th e  cu p o la  
th ro u g h  m ech an ica l c h a rg in g , h e  sa id  t h a t  some 
y e a rs  ago he h a d  h a d  a  cu p o la , a n d  h is  m en  w ere 
d e te rm in e d  t h a t  th e y  would knock  i t  a b o u t  w hen 
c h a rg in g , a n d  he  h a d  p u t  som e c a s t- iro n  b r ick s  
in , w hich h a d  sa v e d  i t .  T h e  cu p o la  w as c h a rg e d  
by h a n d , b u t  th o se  b r ick s  w ould a n sw e r in  th e  
sam e w ay i f  a  m ech an ica l c h a rg e r  w ere  used.

Mechanical Charging and Repairs.
M r . J .  W .  G a r d o m , sp e a k in g  o f m ech an ica l 

c h a rg in g , sa id  h e  h a d  h a d  b a d  c a s tin g s  th ro u g h  
bad  m e ltin g , a n d  th is  b a d  m e ltin g  w as b ro u g h t 
a b o u t because  th e  a ir  su p p ly  w as affec ted . T h is  
was u n d o u b ted ly  d ue  to  t h e  a r ra n g e m e n t  of th e  
c h a rg e s  in sid e  th e  fu rn a c e . I t  w as a ll v e ry  well 
to  say  t h a t  we co u ld  go ro u n d  a n d  c h a n g e  th e  
b la s t  an d  th e  volum e, a n d  so  on , b u t  a c tu a lly , 
d u r in g  b la s t, nobody seem ed to  h a v e  t im e  to  
a t te n d  to  i t ,  so t h a t  th e  a r ra n g e m e n t  o f  th e  
ch arg es w as im p o r ta n t.  I t  seem ed to  h im  t h a t ,  hy  
h a n d  c h a rg in g , m o re  u n ifo rm ity  o f th e  lay e rs  
in s id e  th e  fu rn a c e  co u ld  he  o b ta in e d  th a n  by a n y  
m ech an ica l m eth o d . I t  h a d  been  sa id  t h a t  i t  w as 
d ifficu lt fo r  a  m an  to  p u t  th e  c h a rg e s  on  ■ to  th e  
cupo la  b ecau se  o f th e  .bad c o n d itio n s , b u t  h e  be
lieved  h e  w as r i g h t  in  sa y in g  th a t ,  in  th e  m a jo r i ty  
of fo u n d rie s  in  E n g la n d , 75 p e r  c en t, o f  th e  
ch a rg in g  w as done b e fo re  th e  b la s t  w as on , so th a t  
t h a t  a rg u m e n t  d id  n o t  ap p ly . A g a in , i t  shou ld  
be rem em b ered  t h a t  th e  f i r s t  c h a rg e  h a d  a  long  
w ay to  go, a n d , i f  i t  w ere th ro w n  care less ly  in to  
th e  cu p o la , th e re  w ould be m u ch  d a m a g e  done to  
th e  walls. W ith  h a n d -c h a rg in g  m eth o d s, i t  was 
q u ite  o rd in a ry  fo r  a cupo la  to  r u n  fo r a y e a r  
w ith o u t n e ed in g  r e p a ir  ro u n d  th e  c h a rg in g  door, 
b u t  th e  s ta g e  w hich h a d  been  p u t  u p  sp ec ia lly  fo r  
re p a ir s  on  o ne  o f th e  cu p o las M r. L ia r d e t  h a d  
i l lu s tra te d  seem ed to  su g g e s t t h a t  re p a ir s  w ere 
e x tr a  h eavy . W as  th e re  any  g r e a t  a d v a n ta g e  to



th e  u su a l ru n  o f E n g lish  fo u n d ers , from  th e  p o in t 
of view  of cost, in  u s in g  m echan ical as a g a in s t 
h a n d  c h a rg in g ?  H e  knew  t h a t  m echan ical ch arg e rs  
could  ibe p u t  o u t  of o rd e r  v e ry  easily . U sually  
th e  m en  w ere in  a  h u r ry ,  a n d  th e  a p p a ra tu s  u n d e r
w en t m uch  k n o c k in g  ab o u t, so t h a t  th e  c o s t of 
u p k eep  w as h ig h , w hich w as a  p o in t  to  be  con
sid e red . I t  m ig h t, p e rh ap s , save one m a n ’s 
lab o u r, b u t  d id  i t  also save h is  w ages th ro u g h  th e  
u se  o f  m ech an ica l c h a rg e rs?  A p a r t  from  th a t ,  he 
was v ery  in te re s te d  in  m ech an ica l ch a rg in g , and  
hoped  i t  would be successful.

M b. M . B bnbow  was also  v ery  in te re s te d  in  
m ech an ica l c h a rg in g  m ethods, seeing  t h a t  he  was 
sh o rtly  h a v in g  a n  a p p a ra tu s  in s ta lle d  a t  h is own 
w orks. H e  w as p r in c ip a lly  con cern ed  as to  w h e th e r 
th e  m ech an ica l c h a rg in g  would knock  th e  lin in g s  
aw ay  w hen th e  ch arg e s  w ere p u t  in to  th e  fu rn ac e . 
H e  u n d e rs to o d  t h a t  th e r e  was a  sill a r ra n g e m e n t, 
w hich  sh o t th e  iron  o r coke, o r  o th e r  m a te ria l,  in to  
th e  fu rn a c e , tout w as t h a t  a d e q u a te  to  en su re  th e  
d isch arg e  o f th e  iro n  o r  coke dow n th ro u g h  th e  
c e n tre  o f th e  cu p o la , o r  d id  i t  d isch arg e  on to  
th e  wall on  th e  opposite  side?

M b . H . J .  M a y b e e y  considered  t h a t  th e  su d d en  
in tro d u c tio n  of a v ery  la rg e  m ass o f m eta l in to  
th e  fu rn a c e  by m ean s o f a  m echan ical c h a rg e r w as 
bo u n d  to  h a v e  a  v e ry  d e tr im e n ta l  effect on  th e  
life  of th e  fu rn a c e . T h a t  was a  ve ry  im p o r ta n t 
p o in t to  be considered .

A Method of Breaking the Fall.
M b . R . Shaw  re fe r re d  to  a m echan ical c h a rg e r  

w hich  he  h a d  seen tw e n ty  y ea rs  ago. I t  was of 
th e  o rd in a ry  b u c k e t  ty p e , a n d  th o se  u sin g  i t  had  
rig g ed  up  som e long, heavy  w eigh ts j u s t  inside  th e  
c h a rg in g  hole. T hese  w ere h u n g  on chains, and  
th e  c h a rg e  d isch arg ed  r ig h t  aga-inst th em  
E v id e n tly  those  people  h a d  fo u n d  t h a t  th e  lin in g  
had  suffered , an d  th e  p r in c ip a l u se  of th e  w eigh ts 
was to  d ire c t  th e  ch arg es so t h a t  th ey  d ro p p ed  
in to  th e  c en tre  of th e  cupola . H e  h ad  n o t used 
a m ech an ica l a p p a ra tu s  perso n ally , an d  was ra th e r  
scep tica l a b o u t i ts  sp re ad in g  th e  ch arg e  p ro p e rly . 
I n  h is  ow n p ra c t ic e  h e  to o k  th e  g re a te s t  c a re  to  
sp re ad  th e  ch arg e s  even ly  u p  to  th e  c h a rg in g  door, 
an d  a f te r  t h a t  i t  was fa ir ly  easy  to  keep th e
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ch arg e s  level. E v e ry  c h a rg e  w as p u t  on  as c a re 
fu lly  as possible, a n d  h e  co u ld  n o t  -visualise a 
m echan ical c h a rg e r  d o in g  i t  so well.

Labour Saving Aspect.
M b . G. C. P ie b c e  sa id  t h a t  h e  w as o p en  to  con

versio n , b u t  w as v e ry  sc e p tica l as to  w h e th e r  a 
m echan ical c h a rg in g  a p p a r a tu s  w as benefic ia l 
w hen co n sid ered  fro m  all p o in ts  o f  view . I n  th e  
co u rse  of th e  le c tu re  h e  h a d  n o te d  t h a t  tw o  m en 
w ere re q u ire d  fo r  a  m ec h an ica lly -ch a rg ed  fu rn a c e  
w ith  a  c a p a c ity  of 4 to n s  p e r  h o u r . H e  h a d  seen 
m ore th a n  on e  fu rn a c e  w ith  a  g r e a te r  c a p a c ity  
th a n  t h a t  w orked  b y  tw o m en, a n d  he  h a d  been 
t ry in g  to  b a la n ce  u p  in  h is m in d  w h e th er i t  was 
re a lly  econom ical. C ould  M r. L ia r d e t  g iv e  a n y  
figures, b ecau se  he  h im se lf  cou ld  n o t  see t h a t  th e re  
was a g r e a t  sa v in g  effected? A f te r  a ll, f irs t cost 
h a d  to  b e  ta k e n  in to  c o n s id e ra tio n , as well as 
u p k eep , so t h a t  i t  a p p e a re d  t h a t  th e r e  w as n o t  
m uch  in  i t .  I f  t h e r e  w ere  a sav in g , t h a t  h a d  to  
be  s e t  off a g a in s t  d a m a g e  to  w alls, e tc .

Swedish Methods.
M b. H . G. So m m e e f i e i d  (B ra n ch  H o n . Secre

ta ry )  sa id  t h a t  th e  c u p o la  was th e  m o st u sed  a n d , 
in  a ll p ro b a b ili ty , th e  m o st ab u sed  a p p lia n ce  in  
th e  fo u n d ry . A t o ne  p a r t i c u la r  fo u n d ry  which 
he  knew  o f in  S w ed en , w hich  h a d  w orks co v erin g  
a  v e ry  la rg e  acreag e , h e  h a d  spoken  to  th e  w orks 
m a n a g e r  la s t  y e a r a b o u t a  system  o f m ech an ica l 
t r a n s p o r t  a n d  m ech an ica l c h a rg in g  of cupo las. 
T hey  h a d  to  p u sh  th e i r  iro n  a n d  fu e l a lo n g  in  
b ig  tro lley s , an d  m an -h a n d le  ev ery  p o u n d  of it 
to  th e  c h a rg in g  s ta g e , a n d  a t  th is  t im e  o f th e  
y e a r  b o th  th e  iro n  an d  th e  fu e l w ere u n d e r  snow. 
T he w orks m a n a g e r  h a d  to ld  h im  t h a t  th e  co st of 
th e  in s ta l la t io n  a n d  th e  e x tr a  c o s t of m ach in es, 
a n d  so on , w as n o t  w a rra n te d , a n d  th o u g h t  t h a t ,  
w ith  th e  fa ir ly  low c o st of lab o u r, th e  t r a n s p o r t  
a n d  h a n d -c h a rg in g  o f cupo las w as q u ite  su ffic ien t, 
a n d  m ore  s a t is fa c to ry  fro m  th e i r  p o in t o f view . 
T h e  su p e rv is io n  th e re  cou ld  th e n  be g r e a te r  th a n  
w ith  m ech an ica l ch a rg in g .

The Construction of Tuyeres.
M b . W e s l e y  L a m b eb t  asked whether there was 

not a greater tendency towards scaffolding in  the
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c u p o la  w hen m ech an ica l c h a rg in g  m ethods were 
used  th a n  w ith  h a n d -ch a rg in g . Also, would M r. 
L ia rd e t  k in d ly  ex p la in  th e  o b je c t o f th e  co n stru c 
tio n  in  th e  b e ll-m ou thed  orifice in  th e  tu y e re s?  
In  th eo ry , he  b e liev ed , th e  in tro d u c tio n  o f such a 
c o n s tr ic tio n  w as b ad , a n d  h e  h a d  a lw ays u n d e r
stood  t h a t  i t  should  b e  avoided. H e  w ould like 
to  know  w h e th er M r. L ia r d e t  h a d  fo u n d  an y  
a d v a n ta g e  in  h a v in g  a c o n stric tio n  in  th e  th r o a t  
o f th e  be ll-m o u th  tu y e re  as show n in  F ig . 7.

M b . E . H . B r o w n , re fe r r in g  to  th e  a c tu a l con
s tru c tio n  of th e  o rd in a ry  cu po la , asked  M r. 
L ia rd e t  w h a t h e  co n sid e red  w ere th e  a d v an tag e s  
to  be o b ta in e d  b y  th e  u se  o f th e  double row  of 
tu y e re s . H e  p e rso n ally  h a d  fo u n d  th em  a n y th in g  
b u t  sa tis fa c to ry . I n  n in e  cases o u t  of te n ,  w here 
cupo las h a d  tw o row s o f tu y e re s , th e  to p  row  h a d  
been s h u t  off, an d  on ly  th e  second row  was w ork
ing, a n d  he h a d  fo u n d  t h a t  th e  double  row led to  
a ten d e n cy  to w a rd s  g re a te r  v a r ia t io n  in  th e  
q u a lity  of th e  fin ished  m e ta l, a n d  was n o t to  be 
re lied  u p o n  to  th e  sam e e x te n t  as w hen th e  m elt
ing  was c a rr ie d  o u t  in  a d e fin ite ly  n a rro w  m elting- 
zone, w hich was f a r  e a s ie r  t o  o b ta in — th eo re tic a lly , 
a t  an y  r a te —-with a  sin g le  row  o f tu y e re s  th a n  
w ith  a  doub le  row . T h en  M r. L ia rd e t  considered  
th a t  th e  H o o ts b low er, i .e .,  w ith  th e  po sitiv e , or 
v ery  n e a r ly  p o sitiv e , d riv e , was v e ry  m uch  su p e rio r 
to  th e  fa n . H e  h im self h ad  seen th e  tw o system s 
w ork in g  s ide  by  side  on  severa l occasions, an d  in  
a lm o st every  case  th e  fa n  w as w ork ing  w ith  a 
lower c o n su m p tio n  o f pow er fo r th e  sam e delivery , 
a n d , in  h is o p in io n , th e  fa n  gave  a  b e tte r  chance 
o f v a ry in g  th e  p re ssu re  acco rd in g  to  th e  v a ry in g  
re s is tan c e  in  th e  cupo la  itse lf. T ow ards th e  end 
of a  blow  i t  was q u i te  a  sim ple m a t te r ,  w ith  a fan , 
to  s h u t  dow n th e  speed, an d  so red u ce  th e  a c tu a l 
volum e o f aiir g o ing  th ro u g h  w hen th e  p re ssu re  
was lo w e r ; also, w ith  a  f a n ,  th e  p u lsa tio n  was 
co n sid erab ly  less. T h e  ten d e n cy  was to  g iv e  a 
f a r  m o re  re g u la r  b la s t, a n d  fo r t h a t  reaso n , if  
fo r no o th  11 (j ^  en su re  re g u la r

a  s ta n d a rd  m eta l of d e fin ite  com position , i t  was 
u n d o u b ted ly  a v ery  g re a t  a d v a n ta g e . W ith  re 

Question of Rows of Tuyeres.

co n d itio n s W h en  p ro d u c in g
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g a rd  to  c h a rg in g  d ire c t  fro m  tru c k s  in to  th e  
cu p o la , t h a t  w as an  a d v a n ta g e  in  a  fo u n d ry  w here  
a d e fin ite  com p o sitio n  w as n o t  o f v e ry  g r e a t  im 
p o rta n c e , h u t  w h ere  a  v e ry  h ig h -q u a lity  c a s tin g  
was b e in g  p ro d u ced , th e re  m u s t  h e  f a c i l i t ie s  fo r 
o b ta in in g  th e  an a ly s is  of th e  m e ta l b e fo re  a c tu a lly  
c h a rg in g . W ith  th e  p re s e n t  v a r ia t io n s  be tw een  
th e  m a k e rs ’ s ta te d  co m p o sitio n  a n d  w h a t was 
a c tu a lly  o b ta in e d , t h a t  w as r a th e r  a n  im p o r ta n t  
fa c to r .  W ith  r e g a rd  to  th e  b e ll-m o u th ed  tu y e re s , 
he a p p re c ia te d  t h a t  th e y  w ere v e ry  good in  th eo ry , 
b u t  tu y e re s  w ere  a r tic le s  t h a t  w a n ted  re n ew in g  
so m ew h at fre q u e n tly , a n d  w h a t  w as th e  e x tr a  cost 
of m ak in g  th em  be ll-m o u th ed  a s  a g a in s t  th e  p la in  
ty p e ?

Sampling Flue Gases.
M r . M oR a e  S m ith  sa id  t h a t ,  l ik e  M r .  B enbow . 

he also  e x p ec ted  to  b e  in te re s te d  in  m ech an ica l 
c h a rg in g  in  th e  f u tu r e ,  p a r t ic u la r ly  in  t h e  in 
c lined  p lan e  ty p e  of c h a rg e r  w ith  th e  sk ep . H e  
h a d  h oped  to  h e a r  so m e th in g  fro m  th o se  who h a d  
had  ex p erien ce  o f  m ech an ica l c h a rg in g , b u t  he  
was a f r a id  th e re  w ere m an y  p e ss im is ts  p r e s e n t ; 
he  h a d  h o ped  to  h e a r  som e o p tim is ts . W ith  r e 
g a rd  to  th e  sill p la te  a r ra n g e m e n t ,  c o u ld  M r. 
L ia rd e t  g ive  h is  a ssu ra n ce  t h a t  i t  w ould e n su re  
equal d is tr ib u tio n  o f th e  ch arg es, a n d ' h a d  th e  
ir re g u la r i t ie s  in  th e  size  o f th e  i ro n  a n y th in g  to  
do w ith  th e  eq u al o r  u n e q u a l d is tr ib u tio n ?  
F ig u re s  h a d  b een  q u o ted  w ith  r e g a rd  to  th e  
a n a ly s is  of flue gases fro m  th e  cu p o la , a n d  he  
w ould lik e  to  know  w h e th er M r. L ia r d e t  h a d  any  
ex p erien ce  o f sa m p lin g  th e  gases fro m  n e a r  or 
b e n ea th  th e  c h a rg in g  door. I f  so, h e  w ould  like  
to  know  h is m ethod . As to  a i r  p re ssu re , h a d  M r. 
L ia r d e t  an y  e x p erien c e  o f system s of m e a su rin g  
th e  volum e o f a i r  g o in g  in to  th e  cu p o la , becau se  
th e  o rd in a ry  w a te r  g a u g e  o n  th e  cu p o la  g a v e  v e ry  
l i t t l e  in fo rm a tio n  a b o u t  i t?

M r . J .  W . Gardom sa id  t h a t  th e  b e s t  ty p e  of 
m ech an ica l c h a rg e r  he  h a d  ev er seen  w as o n e  ir  
w hich th e  tru c k ,  w hich  h a d  a  d ro p  b o tto m , ra n  
s t r a ig h t  in to  th e  cu p o la . T h a t  h a d  n o t  been 
m en tio n ed .

Age of Types of Cupolas Compared.
T h e  B r a n c h -P r e s id e n t  said there was one im- 

sortant question which everybody h a d  n e g lec ted ,
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M r. L ia rd e t  h a d  g iv en  a com p ariso n  of fo u r 
cupolas. H e  ( th e  B ra n c h -P re s id e n t)  would like  
M r. L ia r d e t ’s a ssu ra n ce  t h a t  th ese  w ere m odern  
cup o las a n d  w ere h e in g  p u t  on to  th e  m a rk e t  a t  
th e  p re se n t t im e , because  i t  was n o t fa ir  to  com
p a re  a  1923 m odel of o n e  p a r t ic u la r  m ak e r w ith  
an  o ld er one. As to  th e  c a lcu la tio n s  w ith  re g a rd  
to  th e  th e o re tic a l a m o u n t o f coke an d  th e  b las t 
need ed  to  b u rn  th e  coke, a p p a re n tly  M r. L ia rd e t 
h ad  n o t ta k e n  in to  c o n s id e ra tio n  th e  expansion  
due  to  te m p e ra tu re  fa c to r  which m u s t ' ex is t, an d  
w hich, he  im ag in ed , would a lte r  m a te ria lly  th e  
c a lcu la tio n s .

THE LECTURER’S REPLY.
M r . L ia rd et  re fe r re d  first to  sm all t i l t in g  

cupo las w hich M r, H a ll  h a d  n ev er seen t i l te d  down. 
As a  m a t te r  o f  fa c t,  h e  (M r. L ia rd e t)  n ev er could 
u n d e rs ta n d  why cupolas w ere designed  lik e  th a t .  
The a i r  c am e  th ro u g h  th e  tru n n io n s , and  th e  
t ru n n io n s  h a d  tw o  p o r ts  in  th em , a  so r t  o f  c irc u 
la r  valve  a r ra n g e m e n t, so th a t ,  when th e  cupola 
was pu lled  dow n, th e  a ir  was s h u t  off. H e  could 
n o t  im a g in e  a  pe rso n  p u llin g  down th e  cu p o la  in  
th e  m iddle  o f a blow an d  s h u t t in g  off th e  a ir .  As 
to  c a s t- iro n  b rick s , he  w ould n o t  a d m it  a n y  neces
sity  fo r ca s t- iro n  b r ic k s  w ith  a  m ech an ica l c h a rg 
ing  device, even  in  th e  to p  section  of th e  cupola . 
T hey  c e r ta in ly  a d d ed  to  th e  life  of th e  b rickw ork , 
how ever, u n d e r  an y  o rd in a ry  c o n d itio n s . H e  
p o in te d  o u t ,  in  th is  co n n ec tio n , t h a t  th e  B r itisn  
A d m ira lty  would n o t in s ta l  a  cupo la  a t  an y  dock
y a rd  un less, fo r  a d is tan c e  o f 8 f t .  below th e  
c h a rg in g  door, th e re  w ere hollow c a s t- iro n  bricks, 
th ro u g h  w hich a ir  was c irc u la te d  to  keep  them  
cool.

Defence of the Mechanical Charging.
As to  M r. G ard o m ’s re m a rk  t h a t  b a d  cas tin g s  

w ere p ro d u ced  th ro u g h  b ad  m eltin g , th a t  was q u ite  
co rre c t, a n d  h e  ag reed  also t h a t  i t  w as im p o r ta n t  
t h a t  th e  c h a rg e s  in  th e  cupo la  should  be re g u la r . 
B u t th e r e  was no reason  w hy we should  n o t do 
equally  as well as by h a n d  c h a rg in g  if  th e  iron  
w ere s e n t u p  in  a  b u c k e t a n d  t ip p e d  in . T here  
was no difficulty  a t  all in  g e tt in g  th e  r i g h t  m ix 
tu re s . I t  m u s t be  rem em bered  th a t ,  a f te r  all, th e  
o b je c t of ru n n in g  a cupo la  was n o t to  g e t even
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a n d  c o n s is te n t ch arg es , b u t  even  a n d  c o n s is te n t 
re su lts  fro m  th e  cu p o la . N o o n e  w ould go  in s id e  
th e  c u p o la  to  see bow  tb e  p ig s  w ere ly in g , p ro 
v id ed  t h a t  tb e  m e ta l t h a t  cam e o u t  w as as i t  w as 
re q u ire d , a n d  w h a t b a d  to  be av o id ed  w ith  
m ech an ica l c h a rg in g , o r  w ith  a n y  o th e r  sy s tem  o f 
c h a rg in g , w as th e  o v e r la p p in g  o f c h a rg e s . I f  
the<re w as o v e rla p p in g , th e re  w ould  be  tro u b le , 
becau se  o ne  p a r t  o f  th e  coke  w ould b u r n  b e fo re  
a n o th e r , a n d  th e  iro n  w ould m ix  u p  w ith  th e  coke. 
I f  th e  lay e rs  w ere m o d e ra te ly  lev e l, th e r e  w ould 
be  no  tro u b le . M r. G ardom  h a d  also sa id  t h a t  
c h a rg in g  m ach in es w ere n o t  a p p lic ab le  in  th is  
c o u n try  because  75 p e r  c e n t ,  o f  th e  c h a rg in g  was 
done b e fo re  th e  b la s t  w as on . T h e  o n ly  an sw er he 
could  g iv e  to  th a t  w as  t h a t  h e  h a d  h a d  som e 
th re e  y e a rs ’ ex p erien ce  o f  c h a rg in g  m ach in es in  
th is  c o u n try , a n d  co u ld  a ssu re  M r. G ardom  th a t  
75 p e r  c en t, of th e  c h a rg in g  m ach in es h e  h a d  f i tte d  
h a d  been  f i tte d  t o  cup o las o f t h a t  d e sc rip tio n . 
T he sk ep  h o is t  c h a rg in g  m ac h in e  a p p e a le d  to  th e  
sm all m an . I f  a  m an  w as g o in g  to  p u t  dow n a 
cu p o la  t o  t u r n  o u t  4 to n s  a n  h o u r, th e re  w as a 
g r e a t  in c e n tiv e  fo r  h im  to  h a v e  a  m ec h an ic a l 
c h a rg e r  w ith  i t ,  b ecause  h e  w ould  g e t  th e  p la n t  
m o re  ch eap ly  to  s t a r t  w ith , a n d  w ould g e t  b e t te r  
re su lts . T h e re fo re , h e  d id  n o t  th in k  th e  f a c t  t h a t  
sm all cup o las w ere  u se d  w as a n  a rg u m e n t a g a in s t  
th e  u se  o f  m ech an ica l c h a rg e rs . W ith  r e g a rd  to  
r e p a ir s  to  th e  cu p o la  lin in g s , he  a ssu re d  M r. G ar- 
dom  t h a t  th e  m ech an ica l c h a rg e rs  d id  n o t  d am ag e  
th em . W h y  sh o u ld  m ore d a m a g e  be d one  by 
t ip p in g  th e  p igs fro m  a t r u c k  th a n  by c h a rg in g  
th e m  by h a n d ?  T h e  p ig s cou ld  o n ly  s t r ik e  th e  
l in in g  once. H e  confessed  t h a t  th e r e  w as a 
g re a te r  te n d e n c y  to  c ru sh  th e  coke, b u t  ev en  t h a t  
w as n o t  d e tr im e n ta l .  H e  h a d  in v e s tig a te d  t h a t  
v e ry  c a re fu lly , a n d  h a d  n o t  fo u n d  a n y  loss in  th e  
coke, a lth o u g h  i t  was b ro k e n  b ecau se  o f th e  h e a v ie r  
lo ad  com ing  dow n. As to  th e  u se  of a  t r u c k  w ith  
a d rop  b o tto m , b e  h a d  seen  such  tru c k s  in  o p e ra 
tio n  in  t h e  U n i te d  S ta te s ,  a n d  th e  o n ly  th in g  
a g a in s t  th em  w as t h a t  he  be liev ed  th e  tru c k s  th e m 
selves g o t p r e t ty  well d am ag ed , because  th e y  h ad  
to  go r i g h t  in to  th e  h e a t  in  th e  cu p o la . B u t  th e y  
w ere q u ite  s a t is fa c to ry  fro m  th e  c h a rg in g  p o in t 
o f view , b ecause  th e re  was a c le a r  v e r tic a l  d rop
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of th e  c h a rg e  in to  th e  cu po la , w hich we w ere 
t r y in g  to  a im  a t .  T h e  coke was c ru sh ed  m ore th a n  
i t  w ould be o th erw ise , because  th e  p igs were 
d ro p p ed  from  a  g r e a te r  h e ig h t.

How the Fall of the Charge is Broken.

T he o b je c t o f  t h e  sill w hich  h a d  been m en tio n ed  
by M r. B enbow  w as n o t  on ly  to  b r in g  th e  ch arg e  
to  th e  c e n tre  of th e  cu p o la , b u t  also to  d ece le ra te  
its  fa ll. The decline  was fa ir ly  f la t, so t h a t  th e  
iro n  d id  n o t  r u n  dow n qu ick ly , b u t  sim ply  fell 
o ver th e  edge. B esides re d u c in g  v e lo c ity , i t  
re d u ce d  d am ag e  to  th e  coke. H e  h a d  alw ays 
been m ore w o rried  a b o u t th e  coke th a n  th e  lin ing .

W ith  re fe re n ce  to  th e  c h a rg in g  a p p a ra tu s  which 
M r. Shaw  h a d  seen tw e n ty  y e a rs  ago, he  h im self 
knew  o f a m eohan ica l c h a rg in g  a p p a ra tu s  which 
h a d  been  in  use  fo r  a  v e ry  long  tim e  indeed  a t  
H o rw ich , L an c ash ire , a n d  w hich seem ed to  be 
q u ite  sa tis fa c to ry . T h ere  w ere tru c k s , which 
w ere w heeled a long  on  th e  p la tfo rm  level, an d  th e  
ch arg es w ere p u t  in to  a  c rad le  a n d  s e n t  u p  to  
th e  cu p o la , b u t  th e  ac tio n  o f  t ip p in g  was ju s t  
th e  sam e as in  o th e r  cases.

Labour Saving Possibilities.

R e p ly in g  to  M r. P ie rc e , w ith  re g a rd  to  econom y 
in  lab o u r, M b. L ia b d et  sa id  t h a t  th e  reaso n  th e re  
w ere tw o m en em ployed  on  th e  c u p o la  m eltin g  4 
to n s  p e r  h o u r , w hich  h e  h a d  i l lu s tra te d ,  was t h a t  
th e re  h ap p en e d  to  be a  wall be tw een  th e  cupola  
a n d  th e  fo u n d ry  itse lf , a n d  possibly, if  a  hole 
w ere m ad e  th ro u g h  th e  w all, o ne  m an  w ould be 
sufficient. H e  h a d  seen cu p o las of t h a t  size 
o p e ra te d  by one m an  only. H ow ever, h e  d id  n o t 
th in k  t h a t  anybody  who cam e to  a  fo u n d ry  to  ta lk  
a b o u t m ech an ica l c h a rg in g  would say  f irs t of all 
t h a t  he  w as g o in g  to  e ffect a  sav in g  o f la b o u r  in  
re sp ec t o f cupo las o f 4 to n s  p e r  h o u r  c ap a c ity . 
H e  d id  n o t th in k  t h a t  m ech an ica l c h a rg in g  m  
t h a t  case w ould save a m an , b u t  i t  would p ro v ide  
p e rfe c t  c o n tro l o v er th e  charges. H ow  o ften  d id  
th e  fo re m a n  .go on  to  th e  p la tfo rm ?  W ith  
m ech an ica l c h a rg in g  he  would b e  ab le  to  see w h a t 
w as p u t  in to  th e  buck ets , an d  th e  d iffe re n t m ix 
tu re s  could  be checked  an d  w eighed. B u t  he  (M r.
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L ia rd e t)  h a d  f itte d  c h a rg e rs  of th e  ty p e  u sed  on 
th e  cu p o la  M r. P ie rc e  h a d  re fe r re d  to , to  cupo las 
of 12 to n s  c ap a c ity , a n d  th e re  was n o t th e  s lig h te s t 
d o u b t t h a t  sav in g  w as -effected th e re . As to  u p 
keep , th e  m ach in e  w as v ery  ro b u s t, an d  he  d id  n o t  
see w hy i t  should  be su b je c t to  a n y  m ore  w ear 
th a n  a n  o rd in a ry  h o ist.

Scaffolding not due to Mechanical Charging.
As to  th e  ten d e n cy  to w a rd s  scaffo ld ing , he  d id  

n o t see why th e r e  shou ld  be a, g r e a te r  ten d e n cy  
in  t h a t  d ire c tio n  w ith  m ec h an ic a l c h a rg in g  th a n  
w ith  h a n d  c h a rg in g . H e  h a d  fo u n d  one cu po la , 
f itted  w ith  a  c h a rg in g  m ach in e , in  w hich  scaffo ld
ing h a d  t a k e n  p lace , b u t,  on  in v e s tig a tio n , i t  was 
fo u n d  to  be  p u re ly  a  q u estio n  of th e  h a n d lin g  of 
th e  cu po la . T h e re  w as in su ffic ien t flux u sed , a n d  
th e  b la s t  w as n o t q u ite  r ig h t .  T he be ll-m o u th ed  
tu y ere s , to  w hich  M r. L a m b e r t h a d  re fe r re d ,  w ere 
m ad e  th e  sam e sh ap e  as a  p ip e  w hich  passed  th e  
g re a te s t  q u a n ti ty  o f a ir  fo r an y  g iv en  p re ssu re  
in th e  a ir -b lo w e r ; n o t o n ly  d id  a  p ip e  of t h a t  
shape  pass th e  g re a te s t  vo lum e o f  a ir ,  b u t  i t  also 
g av e  d is t r ib u t io n  in sid e . T h e re  w as n o t  ,a  co n 
s tr ic tio n . W h a t  M r. L a m b e r t  h a d  r e fe r r e d  to  as 
a consrtric tion  w as th e  reco g n ised  d ia m e te r ; in  
th e  o rd in a ry  w ay, tu y e re s  o f t h a t  d ia m e te r  would 
be a d o p te d /b u t ,  b y  b e ll-m o u th in g  on th e  a ir -b e lt  
side, m ore  a i r  w e n t th ro u g h  i t  th a n  w ould go 
th ro u g h  a s t r a ig h t  p ip e . W ith  a s t r a ig h t  p ip e , 
th e  coefficient of d isc h a rg e  w as in th e  n e ig h b o u r
hood of 0 .5 , b u t  w ith  th e  b e ll-m o u th ed  p ip e  he  
believed  th e  coefficien t w as as h ig h  as 0 .9 .

The Disposition of Tuyeres
W ith  r e g a rd  to  th e  doub le  row  of tu y ere s , he 

w ould n o t  discuss t h a t  p o in t  w ith  M r. B row n, 
because  possib ly  th e y  w ere  b o th  r ig h t .  H e  h a d  
tr ie d  cu p o la s  w ith  one , tw o a n d  th re e  row s, a n d  
he believed t f ia t ,  w ith  tw o  row s o f tu y e re s , th e re  
w as b e t te r  m e lt in g ;  also, if  th e r e  w ere tw o  row s, 
a n d  one irow h a d  valves, i t  co u ld  be s h u t  off. 
P ro b ab ly , as M r. B lo w n  h a d  sa id , th e y  w ere  sh u t 
off a f te r  th e  f irs t week an d  n e v e r  o p e n ed  a g a in , 
b u t  h e  w as o f o p in io n  th a t ,  t a k in g  e v e ry th in g  
in to  c o n s id e ra tio n , a  d o ub le  row  g av e  b e t te r  d is 
tr ib u t io n  of b la s t  in side, a n d  th e  tu y e re s  need
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n o t be  to o  la rg e . I t  was n o t th e  r ig h t  th in g  to  
have  a b ig  tu y e re  a re a  in  one row , because theire 
w ould e ith e r  h av e  to  b e  a  la rg e  n u m b er o r th e  
d ia m e te r  o f th e  tu y e re s  would h av e  to  be la rg e . 
As to  th e  R oo ts blow er vers-us th e  fa n , he d id  n o t 
th in k  i t  was q u ite  r ig h t  to  say  t h a t  th e  fa n  was 
b e t te r  because  th e  q u a n ti ty  o f a ir  could be  v a ried . 
W h a t  could  be done w ith  th e  fa n  in  t h a t  re sp ec t 
could be done w ith  th e  blow er, by  low ering  th e  
speed o r  by a llow ing  th e  a i r  to  escape in to  th e  
a tm o sp h e re . H e  d id  n o t d isp u te  t h a t  th e re  were 
m any  cu p o la  p la n ts  ru n n in g  p e rfe c tly  sa tis fa c 
to r ily  w ith  fan s  in  th is  c o u n try , b u t  he cou ld  only 
say  t h a t ,  if  we w a n ted  th e  v e ry  b e s t co n tro lled  
m eltin g , he  w as su re  we could  g e t i t  by  m eans of 
th e  p o sitiv e  b low er r a th e r  th a n  by  th e  fa n . As 
to  fa c ilitie s  fo r  o b ta in in g  a n  an a ly sis  o f th e  m eta l 
b e fo re  c h a rg in g , M r. L ia rd e t  sa id  t h a t ,  w ith  
m ech an ica l c h a rg in g , th e  p ig -iro n  could be g rad ed  
in  th e  y a r d ; th e  p ig -iro n  req u ired  cou ld  be 
selected  an d  w eighed o u t, an d  s e n t  u p  in  th e  r ig h t  
o rd e r. H e  d id  n o t th in k  th e  be ll-m outhed  tu y e re s  
cost m uch  m ore th a n  th e  s t r a ig h t  ones, because 
th ey  w ere only cas tin g s, and  cou ld  be produced  
easily  once th e  p a t t e rn  was m ade. In  a tta c h in g  
th ese  tu y e re s  to  th e  fu rn ac e , a  space was le f t ,  th e  
tu y e re s  w ere  d ropped  in , an d  pack ed  ro u n d  w ith 
g a n is te r  to  keep  them  in p o sitio n . As to  th e  size 
o.f th e  iro n , h a lf-p ig s w ere q u ite  s a tis fa c to ry  for 
cupolas of over 4 to n s, and  p ro b ab ly  q u a rte r-p ig s  
fo r o th e rs . As to  th e  an a ly sis  of flue gases, th a t  
was q u ite  a p h a n ta sy  on h is p a r t .  T he volum e of 
a ir  cou ld  be m easu red  b y  find ing  th e  velocity  pass
in g  th ro u g h  any  g iv en  a rea  in  a  c e r ta in  tim e , and  
th e re fo re  all so-called v o lu m e-m easuring  gauges, 
w hich w ere v ery  b e a u tifu l,  b u t  expensive , rea lly  
d id  no  m ore th a n  m easu re  p re ssu re , which 
in d ic a te s  velocity .

H e  was g lad  t h a t  th e  B ra n o h -P re s id e n t h a d  
p o in te d  o u t  t h a t  i t  w as p e rh ap s  u n f a ir  to  h av e  
co m p ared  fo u r  cupo las w ith o u t  know ledge o f th e  
d a te  th e y  w ere co n stru c ted . Those fo u r  cupo las 
w ere n o t g u a ra n te e d  to  be m odern , a n d  he  had  
no in fo rm a tio n  as to  th e  d a te  o f th e i r  c o n stru c 
tio n . B u t  th e y  w ere all c o n stru c ted  by  firm s 
whose nam es a re  in  th e  m a rk e t  to -d ay  fo r th o  sale 
of cupo las. As re g a rd s  ex p an sio n  a n d  tem p era -
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tn re ,  he d id  n o t th in k  t h a t  cam e in to  a  th e o r e t i 
cal d iscu ssio n ' o f th e  a m o u n t of a i r  re q u ire d , 
because, a f te r  a ll, w h a t  w as w a n ted  w as o x y gen , 
a n d  n o t  th e  w e ig h t o f a ir .  T h e  volum e w hich  he 
w orked  on  w as ta k e n  a t  o rd in a ry  a tm o sp h e ric  
te m p e ra tu re  a n d  p re ssu re .

Vote of Thanks.
M e . W e s l e y  L a m b e r t , in  p ro p o sin g  a  h e a r ty  

v o te  of th a n k s  to  M r. L ia rd e t ,  sa id  h e  h a d  
th o ro u g h ly  en jo y ed  th e  P a p e r .  T h e re  w as n o t 
v e ry  m u ch  a g re e m e n t am o n g  th o se  p re s e n t  w ith  
re g a rd  to  m ech an ica l c h a rg in g , b u t  t h a t  d id  n o t  
d e tr a c t  fro m  th e  v a lu e  of th e  P a p e r ,  becau se  M r. 
L ia rd e t  h a d  b ro u g h t  to  th e i r  n o tic e  th e  d iffe re n t 
ty p es  of a p p a r a tu s  in  u se .

M r . 0 . A. O tto , w ho seconded, sa id  t h a t  M r. 
L ia r d e t  cou ld  ,be c o n g ra tu la te d  on th e  d iscussion  
lie h a d  a r o u s e d ; i t  d id  show t h a t  consid erab le  
in te r e s t  h a d  b een  ta k e n  in  th e  P a p e r .  In c id e n t
a lly , th e r e  w as o n e  su b je c t w hich  h a d  been  m en 
t io n e d  a t  th e  f ir s t  m ee tin g  o f th e  session , a n d  
w hich  h e  h a d  th o u g h t  m ig h t  h a v e  b een  m en tio n ed  
in  th is  d iscussion . M r. L ia r d e t  h a d  r e fe r r e d  to  
a cu p o la  m  w hich i t  was possib le  to  g e t six  o r  
seven d if fe re n t k in d s  o f m ix tu re s . A t  th e  p re 
vious m ee tin g  re fe r re d  to , tw o  m em bers of th e  
B ra n c h  h a d  d iscussed  t h a t  su b je c t, a n d  th e re  was 
som e difficulty  in  com ing  to  a n y  s o r t  o f  decision 
as to  .w hether i t  w as possib le  to  g e t  m ore  th a n  one 
d e fin ite  m ix tu re  fro m  th e  cu p o la .

M r . L ia r d et , in  r e tu r n in g  th a n k s ,  sa id  i f  th e  
m echan ical e n g in e er h a d  g iv en  m ore  co n s id e ra tio n  
to  th e  fo u n d ry  in  th e  p a s t ,  he d id  n o t  th in k  th e re  
w ould h a v e  b een  q u ite  so m a n y  d is se n tie n ts  a t  t h a t  
m ee tin g  w ith  re g a rd  to  m ech an ica l c h a rg in g .
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West Riding of Yorkshire Branch.
THE ELIMINATION OF STRUCTURAL WEAKNESSES 

IN CASTINGS.

By O. Smalley, Member.
T h is P a p e r  t r e a ts  s t ru c tu ra l  w eaknesses in  cas t

ings in  re la tio n  to  th e  n a tu r e  o f c ry s ta llisa tio n  
of th e  alloy  on so lid ification  an d  th e  design  of 
th e  cas tin g .

F i g . 1.— H ig h  Tenacity Beta Bronze.

Alloys.
T h e  fu n d a m e n ta l fa c to rs  g o v e rn in g  th e  physical 

p ro p e rtie s  o f  a ll  m eta ls  an d  alloys a re  com position 
a n d  s tru c tu re .  In  p ra c tic e  th ese  fa c to rs  a re  n o t 
sim ply  in te rp re te d ,  b e in g  com plica ted  by such 
e x te rn a l a g en ts  as occluded  gases, im p u ritie s , te m 
p e ra tu re  an d  tim e , th e  in fluences of w hich a re  
incom pletely  u n d ersto o d .

Genesis of Structure- 
M eta ls  an d  alloys, like  m inerals , a r e  th e  p ro d u c ts  

of c ry s ta ll is a tio n  o f a liq u id  so lu tion , and  th e  size 
of th e  in d iv id u a l g ra in s  is  a  fu n c tio n  of th e  
len g th  of tim e  ta k e n  d u r in g  so lid ification , th e  
n a tu r e  of th e  m a te r ia l  a n d  its  p u r i ty .
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A lloys m ay  be su b -d iv ided  in to  tw o c la s sp s :—
(1) Those w hich freeze  a t  one specific te m p e ra 
tu re  o r  th ro u g h  a  sh o r t  ra n g e  o f t e m p e r a tu r e s ; 
a n d  (2) those  w hich freeze  th ro u g h  a n  e x te n d ed  
ra n g e  of te m p e ra tu re s .

T he o rig in  o f each  c ry s ta l  g ra in  o f a lloys of 
C lass 1 a p p ea rs  to  be i ts  c en tre , w hence i t  
develops in  a  re g u la r  m a n n e r , i ts  o r ie n ta t io n

F i g s .  2  t o  5  S h o w i n g  t h e  G r o w t h  o f
C r y s t a l l i t e s  i n  . M e t a l s .

d e te rm in e d  by  th e  c ry s ta llo g ra p h ic  sy s tem  to  
w hich  i t  belongs, th e  la s t  p a r tic le  o f  m e ta l fre e z 
in g  a t  th e  sam e te m p e ra tu re  as th e  f irs t (F ig . 1). 
Such  alloys a re  hom ogeneous th ro u g h o u t,  a n d  
possess u n i t  deg ree  o f so lid ity , w hich in  o rd in a ry  
p ra c t ic e  is l i t t le  a ffected  by te m p e ra tu re  an d  tim e  
influences.

W hen  a n  alloy freezes th ro u g h  a  ra n g e  of te m 
p e ra tu re s  th e  c ry s ta l g ra in  a p p e a rs  to  develop 
from  w ith in . S o lid ifica tio n  b e in g  p ro g ressiv e , th e  
h is h  m e ltin g  p o in t  m a te r ia ls  fa l l  o u t  o f so lu tio n  
along  th e  ax es o f  th e  c ry s ta l  sys tem , a n d  g iv e  a
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skeleton  o u tlin e  of w h a t is te rm ed  th e  p r im a ry  
c ry s ta l  g ra in .  T h is  p rogressive  d ev elopm en t is best 
follow ed by re fe re n ce  to  F igs. 2— 5, a d ia g ra m  p ro 
duced by th e  la te  Dir. S te ad . F ig . 6 illu s tra te s  
an  a c tu a l  b u n ch  o f c ry s ta ll ite s  ta k e n  from  th e  
p ip e  of a  la rg e  s tee l c a s tin g  when insufficient 
m eta l re m a in e d  to  feed  th e  in te rs tic e s  o f th e  
sk e le ta l fram ew o rk  of th e  p r im a ry  c ry s ta l  g ra in s .

F ig .  6 . — S h o w i n g  C r y s t a l l i t e s  T a k e n  f k o m  
t h e  P i p e  o p  a  L a r g e  S t e e l  C a s t i n g .

B ecause  o f such p rogressive  c ry s ta llis a tio n ,
alloys o f  th is  class .are su b je c t to  de fec ts  of
c ry s ta ll is a tio n  a n d  l iq u a tio n  n o t  en co u n tered  in
alloys o f C lass I ,  an d  th e  c ry s ta l g ra in s  them selves 
a re  o f te n  h e te ro g en eo u s. T he e x te n t  to  which th ese  
s t r u c tu r a l  w eaknesses m a n ife s t them selves depend  
n a tu ra l ly  upon  th e  range  o f tem p era tu re  through  
w hich  th e  alloy freezes , th e  a lloying  prop erties  
o f th e  c o n s titu e n ts , th e  tem p era tu re , ra te  o f p o u r
ing  a n d  th e  ra te  o f cooling  d u r in g  so lid ification .
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Alloy* of Class I.
T h e  alloys r e p re s e n ta t iv e  of th is  c lass a re  th o se  

of e u te c tic  com position , in te r -m e ta l l ic  com pounds 
a n d  som e sp ec ia l alloys h a v in g  an  ex ceed in g ly  
sh o r t  f re e z in g  ra n g e , such as a lp h a -b e ta  b rasses, 
h ig h  te n a c ity  b e ta  b ra sse s , a lu m in iu m  b ro n zes a n d  
m ild  steel. Of th e se , a t te n t io n  w ill b e  confined  to  
h ig h  te n a c ity  b e ta  b ra ss  a n d  to  a lu m in iu m  b ro n ze  
to  show th a t ,  g iv en  an  iso m o rp h ic  a lloy  o f hom o
g eneous te x tu re ,  th e  m ech an ica l p ro p e rt ie s  o f a 
c a s tin g  d ep en d  u p o n  th e  size, o r ie n ta t io n  an d  con
to u r  o f th e  c ry s ta l  g ra in s .  I t  is c h a ra c te r is tic ,  
how ever, of c ry s ta l  g ra in s  o f a n  iso m orphous m ix-

F i g . 7 . — S h o w i n g  C o l u m n a r  C r y s t a l s  A c r o s s  
a  S e c t i o n  o f  t h e  C a s t i n g .

tu r e  o f m e ta ls  to  develop fa s te r  in  one d ire c tio n  
th a n  in  a n o th e r , an d  th e  e x te n t  to  w hich  such  
u n b a la n ce d  c ry s ta ls  fo rm  is n o t  o n ly  a  fu n c tio n  of 
th e  n a tu r e  o f th e  m e ta l a n d  i t s  p u r i ty ,  b u t  also 
o f te m p e ra tu re  o f p o u rin g  a n d  ra te  o f cooling.

T he tw o alloys u n d e r  c o n s id e ra tio n  a re  no  excep
t io n  to  -th e  ru le , a n d  th e  p h y sica l p ro p e r t ie s  of 
c a s tin g s— assu m in g  c o rre c t m e ltin g  c o n d itio n s—  
a re  in fluenced  by  (1) th e  t e m p e ra tu r e  o f p o u r in g  ;



405



406

(2) th e  r a te  o f c o o lin g ; a n d  (3) i t s  d im en sio n  a n d  
fo rm . The h ig h e r  th e  te m p e ra tu re  of p o u r in g  th e  
g r e a te r  th e  ten d e n cy  to  develop u n e q u ia x e d  
c ry s ta ls , an d  by p o u rin g  suffic iently  h o t i t  is pos
sible to  grow  co lu m n ar c ry s ta ls  across th e  sec tion  
of th e  c a s tin g  (F ig . 7). D evelop ing  a t  r i g h t  an g les 
fro m  th e  p lan e  o f cooling  su rfa ce , th e y  in te r f e re  
a long  a  p la n e  of ju n c t io n , a n d  a  sh a rp  b o u n d a ry  
is  fo rm ed  w h ere  th e re  is l i t t l e  o r no  cohesion, 
w h ils t th e  c ry s ta ls  . th em selves, s e p a ra te d  by 
sm o o th , s t r a ig h t  ¡boundaries a n d  o f te n  by films 
of g as o r  im p u rit ie s , a re  e a s ily  s e p a ra te d  (F ig . 8).

F i g . 9 . — C r y s t a l l a t i o n s  f r o m  I n d e p e n d e n t  
C e n t r e s  f r o m  W i t h i n .

Such  s t r u c tu r a l  w eakness c a n n o t  b e  e lim in a te d  by 
h e a t - tr e a tm e n t ,  a n d  i f  u sed  fo r fo rg in g s  o r p re ss
in g s w ill a lw ays c a r ry  th e  d e fec ts  o f th e  c a s tin g .

I t s  p re v e n tio n  n e ce ss ita te s  th e  e s ta b lish m e n t of 
such  c o n d itio n s  as w ill e n su re  c ry s ta l l is a t io n  from  
in d e p e n d e n t  c e n tre s  from  w ith in  (F ig . 9 ). T h e re  
a r e  th re e  m eth o d s w hich re n d e r  th is  p o ss ib le :— (1) 
C o n tro l o f  p o u r in g  te m p e ra tu re  a n d  ru n n in g  
s lo w ly ; (2) ch an g e  th e  n a tu r e  o f th e  s o lu t io n ; ( 3 )  
in tro d u c e  some finely d iv id ed  in so lu b le  su b s ta n c e  
in  th e  m o lten  m e ta l to  c re a te  a n u c le a r  a c tio n  fo r  
th e  g e rm in a tio n  of th e  c ry s ta l  g ra in s .

To d e m o n s tra te  th is  a h ig h  te n a c i ty  b ra ss  an d  
an  a lu m in iu m  b ro n ze  will be co n sid ered , a lloys
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w hich a re  p ro n e  to  c ry s ta l  w eakness u n d e r  th e  
s lig h te s t  in fluences of te m p e ra tu re  an d  tim e .

High Tenacity Beta Brass.
T h is  alloy, w hich c o n ta in s  C u, 5 9 ; Z n , 3 8 ; and  

Al, 3 p e r  c e n t .,  was chosen because  o f i t s  sim ple  
polygonal s t ru c tu re  a n d  ten d en cy  to  develop la rg e  
co arse  c ry s ta l g ra in s  undeff th e  s lig h te s t influence 
of p u r i ty ,  te m p e ra tu re  a n d  tim e , a s  shown in 
F ig . 1. P u r e  m eta ls  w ere used in  m a n u fa c tu re . 
T he te m p e ra tu re  a n d  r a te  of p o u rin g  were 
a d ju s te d  so t h a t  on ly  eq u iax ed  c ry s ta l g ra in s  
would be fo rm ed . T he r a t e  of cooling w as m a in 
ta in e d  c o n s ta n t  by c a s tin g  in th e  o rd in a ry  3-in. sq. 
in g o t m o u ld  c o n tro llin g  i ts  te m p e ra tu re  a t  
110 deg. F .  fo r c a s tin g .

T he n u m b er o f c ry s ta l g ra in s  o b ta in e d  when 
m ade  in  th is  w ay was 152 p e r  sq. cm. D e ta ils  of 
th e  p h y sical te s t  re su lts  o b ta in e d  a re  em bodied 
in  T ab le  I .  A f te r  fo rg in g  th e  low er h a lf  o f th e  
in g o t in  on e  h e a t in g  in to  a 1-in. sq. b a r , th e  
n u m b er o f c ry s ta l  g ra in s  was in creased  to  2,535 
pe r sq. cm ., w hich red u c tio n  in  d im ension  is shown 
to be responsib le  fo r  a n  a ll-ro u n d  im p ro v em en t in 
s t re n g th , d u c ti l i ty  a n d  sh o ck -res is tin g  p ro p e rtie s .

I ro n  alloyed w ith  copper gives rise  to  a h ig h  
m eltin g -p o in t c o n s t itu e n t  c o n ta in in g  a p p ro x i
m ately  8.0 p e r  cen t, copper of a d en sity  slig h tly  
less th a n  th a t  of b rass. T he suspension o f th is  
com pound in  m o lten  b ra ss  in  a  finely d iv id ed  s ta te  
a n d  hom ogeneously  d is tr ib u te d  p re sen ts  no diffi
cu ltie s  in  q u a n ti t ie s  of u p  to- 1.0 p e r  cen t. iron .

T he te s t  re su lts  o f a lloy  1A show th e  effect of 
1.0 p e r  c e n t, iro n  on alloy No. 1 in  b o th  th e  c a s t 
an d  fo rged  co n d itio n s, th e  iro n  b e in g  su b s titu te d  
fo r  a s im ila r  q u a n ti ty  o f  zinc. T h e  effect h a s been 
to  y ie ld  a  c a s tin g  of p hysical p ro p e rtie s  equal 
a lm o st to  th o se  o b ta in e d  from  alloy No. 1 a f te r  
fo rg in g ;  w h ilst, i t  w ill be observed, th e  n u m b er 
o f c ry s ta l  g ra in s  h a s  been  ra ised  from  152 p e r 
sq. cm. to  2,500 p e r  sq. cm. A f u r th e r  in te re s t in g  
f e a tu r e  of th is  alloy  is t h a t  i t  is l i t t le  im proved 
by m echan ical w ork a n d  h e a t  tr e a tm e n t.

Aluminium Bronze.
Alloy No. 2, T ab le  I ,  p o r tra y s  th e  te s t  re su lts  

o b ta in e d  from  th is  alloy— which possesses a duplex
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s t ru c tu re — w hen m ad e  u n d e r  c o n tro lle d  co n d itio n s . 
I t  p r e s e n ts ' v e ry  s im ila r  fe a tu re s  to  a lloy  1A, 
a lth o u g h  t h e  r e s u l t  w as o b ta in e d  in  q u ite  a 
d if fe re n t w ay.

Class II Alloys.
As th e  ra n g e  o f f ree z in g  te m p e ra tu re  in c reases 

th e  m ore  su scep tib le  do a lloys becom e to  th e

F i g . 11.— M ic r o p h o t o g r a p h  N o. 1.

in flu en ce  o f te m p e ra tu re  a n d  t im e . I n  conse
quence o f th is , c a s tin g s  a re  m o re  p ro n e  to  c o lu m n a r 
c ry s ta ll is a tio n , w eak -c ry sta l zones, sp o n g in ess, an d  
g e n e ra l u n so u n d n ess th a n  alloys of C lass I .

Of th e  w ell-know n alloys r e p re s e n ta t iv e  o f  th e  
abo v e  a lp h a  b ra ss , t in  b ronzes, c a s t  iro n  an d  
alloy s tee l w ill be co n sid ered .

Alpha Brass.
T he spec ia l fe a tu re s  o f c a s tin g s  m ad e  in  th is  

m a te ria l  b e in g  th e  o rn a m e n ta l  a p p ea ran c e ,



re s is ta n c e  to  co rro s io n  an d  d u c til ity , s tru c tu ra l  
w eakness re su ltin g  fro m  d iffe re n tia l free z in g  is 
on ly  of seco n d ary  im p o rta n ce . T h a t  i t  c an  be 
d e m o n s tra te d  to  e x e r t  a p ro n o u n ced  in fluence on 
th e  p ro p e rtie s  of a m a te r ia l  whose c o n s titu e n ts  
h av e  a  h ig h  a lloy ing  pow er an d  which freezes 
th ro u g h  so s h o r t  a ra n g e  o f te m p e ra tu re  is, how-
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F i g . 1 1 . — M i c r o p h o t o g r a p h  N o .  2 .

ever, of th e  h ig h e s t im p o rta n c e  in  th e  m an u fa c 
tu r e  of b ra s s  c a s tin g s  a s  a whole.

T h e  m ic ro -s tru c tu re  o f th is  sim ple  p h ase  alloy 
w hen  c a s t  fro m  a  n o rm al te m p e ra tu re  in to  a 1-in. 
slab  is i l lu s tra te d  by p h o to m ic ro g rap h  1-, F ig . 1 0 ,  
d e p ic tin g  th e  cored  o r  he te ro g en eo u s c ry s ta l s tru c 
t u r e  o b ta in e d . A f te r  co ld-ro lling  an d  an n ea lin g  
th e  slab , th is  co arse  s t r u c tu r e  a n d  h e te ro g en e ity  
a re  rem oved and  rep laced  by a  sim ple hom ogeneous 
s t ru c tu re  co n sis tin g  of polygonal tw in  g ra in s , as 
shown in  p h o to m ic ro g rap h  No. 4, F ig . 10.



412

T h e  te s t  re s u lts  a n d  d e ta ils  of t r e a tm e n t  g iv en  
b o th  b e fo re  a n d  a f te r  rem o v a l of th e  c a s t  s t r u c 
tu r e  a re  em bodied  in  T ab le  I I ,  a lloy  N o. 1. T hese  
show re fin in g  o f th e  g ra in  to  h a v e  re su lte d  in  
ra is in g  th e  y ie ld  p o in t  1.5 to n s , th e  te n s ile  
s t r e n g th  4.8 to n s , th e  e lo n g a tio n  10, a n d  th e  re d u c - 
tio n  o f a re a  13.8 p o in ts .

M ic r o p h o t o g r a p h  N o. 3.
F i g . 11.— I l l u s t r a t i n g  t h e  M i c r o s t r u c t u r e  

o r  t h e  E x t r e m e  o f  N o. 1, M a g . 50 D i a s .

R e p re s e n tin g  a  p u r i ty  w hich  is ra re ly  a t ta in e d  
in  o rd in a ry  p ra c tic e , th e  p re sen c e  o f im p u r i t ie s  
m u s t he  e i th e r  to  a c c e n tu a te  o r  e lim in a te  c a s tin g  
s t r u c tu r a l  w eakness. T h e  effect o f  so lub le  im p u r i
tie s  w hich  e x te n d  th e  free z in g  ra n g e  a n d  in te n s ify  
d iffe re n tia l  f re e z in g  will n e c e s s i ta te  a  m o re  r ig id  
a d ju s tm e n t  o f b o th  th e  te m p e ra tu re  a n d  t im e  
fa c to rs , w h ils t in so lub le  im p u r i t ie s  if  d is t r ib u te d  
hom ogenously , a n d  do n o t  g iv e  r ise  to  m ech an ica l 
w eakness, m u s t a u to m a tic a lly  re d u c e  th e  d im en sio n  
of th e  c ry s ta l  g ra in  a n d  c ry s ta l  h e te ro g e n e ity .
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T h e  p re sen ce  o f such  im p u r itie s  w ould, th e re fo re , 
n o t on ly  re s u lt  in  th e  p ro d u c tio n  of s tro n g e r  and  
to u g h e r  c a s tin g s , h u t  re n d e r  possib le a  w ider 
l a t i tu d e  o f b o th  te m p e ra tu re  a n d  tim e .

To d e m o n s tra te  th e  effect o f  im p u r itie s  tw o  cas ts  
w ere m ad e  a lo n g sid e  w ith  th e  p u re  a llo y ; to  th e  
one 1 p e r  cen t, o f a rsen ic  w as ad d ed , a n d  to  th e  
o th e r  1 p e r  cen t, of iro n . B ecause a rsen ic  is 
so luble in  m o lten  b ra ss  a n d  fo rm s a n  a rsen id e  o f 
z inc  a n d  copper, i t s  in fluence on  b ra ss  should  be 
so m ew hat s im ila r  to  t h a t  o f  p h o sp h o ru s in  iro n  or 
s tee l, i .e . ,  to  in c re ase  h e te ro g e n e ity  d ue  to  th e  
e x te n d ed  fre e z in g  ra n g e , a n d  to  e m b rittle , du e  to  
th e  d ep o sitio n  of th e  low m e ltin g -p o in t a n d  b r i t t le  
c o n s t itu e n t  a t  th e  ju n c tio n  of a d ja c e n t c ry sta l 
g ra in s . Alloy N o. 2 (T ab le  IT) g ives th e  te s t  
re su lts  o b ta in e d  as c a s t, a n d  a f t e r  th e  sam e t r e a t 
m e n t— cold ro llin g  an d  a n n ea lin g — as g iven  to  
alloy  N o. 1. A s c a s t, th e  p ro p e rtie s  a re  m uch  
im p a ire d , b o th  th e  s tre n g th  a n d  d u c ti l i ty  b e in g  
ap p rec ia b ly  red u ced . A f te r  th e  a t te m p t  to  rem ove 
th e  cas t s t ru c tu re ,  th e  p ro p e rtie s  a re  m uch  im 
proved , b u t  s ti ll  in fe r io r  to  th o se  o f t h e  p u re  
m a te r ia l.  P h o to m ic ro g ra p h  2 (F ig . 10) i llu s tra te s  
th e  m ic ro s tru c tu re  as c as t. T h e  effect o f a rsen ic  
is show n to  in te n s ify  th e  cored  s t r u c tu r e  of 
o rd in a ry  7 0 :3 0  b ra ss , a n d  to  h a v e  re su lte d  in  th e  
dep o sitio n  o f a  lo w -m elting  p o in t  b r i t t l e  con
s t i tu e n t  a t  th e  ju n c tio n  o f th e  c ry s ta l  g ra in s  as 
a n tic ip a te d , a n d  w hich  is re sponsib le  fo r  th e  poor 
t e s t  re s u l ts  o b ta in e d .

I ro n , fro m  th e  ex p erien ce  w ith  alloy 1, T ab le  I  of 
C lass I .  shou ld  e x e r t  a  beneficial in fluence in th e  
sam e w av , a n d  th e  iro n -ric h  c o n s t itu e n t  should  be 
d ep o sited  in  th e  c e n tre  r a th e r  th a n  a t  th e  ju n c tio n  
of th e  c ry s ta l  g ra in , s tre n g th e n in g  w ith o u t 
e m b rittl in g .

Alloy N o. 3 (T ab le  I I )  show s th e  te s t  re su lts  
o b ta in e d . T h e  o u ts ta n d in g  fe a tu re  h e re  is th a t  
th e  c a s tin g  possesses a  s tre n g th  a n d  shock-resis ting  
pow er su p e rio r  to  a n d  equal in  d u c ti l i ty  an d  m alle
a b ili ty  to  p u re  70 :30 b ra s s  a f te r  i ts  c a s t s tru c tu re  
h a s  been  rem oved  by  m eans of m echan ical w ork 
a n d  h e a t- tre a tm e n t .

T he e x p la n a tio n  o f th is  is  c lear fro m  p ho to 
m ic ro g rap h  No. 3 (F ig . 10). T he effect o f th e  iro n  
h a s  b een  to  re d u c e  th e  c ry s ta l  g ra in  to  such  an
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e x te n t  t l i a t ,  d e sp ite  th e  f re e z in g  ra n g e  o f th e  
alloy, i t  does n o t d isp lay  an y  h e te ro g e n e ity . I t  
w ill be observed also t h a t  th e  alloy, in  c o n tra d is 
t in c t io n  to  alloy N o. 2 show s th e  le a s t im p ro v e m en t 
by  m ech an ica l w ork a n d  h e a t- tr e a tm e n t .  I n  m an y  
w ays th e  te s t  re su lts  a re  v e ry  s im ila r , w h ereas th e  
im p ro y em en t effected  by  th e  e lim in a tio n  of th e  
c a s t  s t r u c tu r e  is m ost m ark e d  w ith  th e  a rsen ic a l 
b rass .

Tin Bronzes.
T hese  alloys h av e  a  p r o tr a c te d  ra n g e  of so lid ifi

ca tio n , a n d  a re  so m ew h at an a lo g o u s to  o rd in a ry  
g rey  c a s t  iro n , b e in g  p e c u lia r ly  su scep tib le  to  th e  
in fluence  o f b o th  te m p e ra tu re  a n d  tim e .

F ro m  th e  ra n g e  o f a lloys th is  se ries  offers, th e  
tw o  com m oner h av e  been  se lec ted  fo r  co n sid e ra 
tio n , v iz., p h o sp h o r-b ro n ze  a n d  A d m ira l ty  g u n - 
m eta l.

T ab le  I I I  shows th e  p h y sica l t e s t  re s u l ts  o b ta in e d  
fro m  phosp h o r-b ro n ze  w hen p o u re d  a t  v a r io u s  te m 
p e ra tu re s  betw een  1,112 deg. C. a n d  1,040 deg. C. 
in to  chill b a rs  9 in . x 1£ in . x 1J in . P h o to 
m ic ro g rap h s  1, 2 a n d  3 (F ig . 11) i l lu s t r a te  th e  
m ic ro s tru c tu re  of tw o  ex tre m e s, a n d  th e  b a r  cas t 
a t  a n  in te rm e d ia te  te m p e ra tu re ,  a t  a  m ag n ifica 
t io n  o f 50 tim es. N o. 1 show s th e  w ell-developed 
d e n d r it ic  s t ru c tu re  a n d  th e  h e te ro g e n e ity  re su ltin g  
fro m  d iffe re n tia l free z in g  d e sp ite  th e  r a t e  o f cool
in g . No. 2 p o r tra y s  a  fin er s t r u c tu r e  a n d  a  com 
p le te  absence  of t h e  w ell-developed d e n d r ite s  of 
N o. 1. No. 3 p re se n ts  a n  a d u m b ra n t  c e llu la r  
s t r u c tu r e  to g e th e r  w ith  m ech an ica l d e fec ts  d u e  to  
p o u rin g  to o  cold.

T h ese  m ic ro s tru c tu re s  a re  se lf-e x p la n a to ry  o f 
th e  te s t  re su lts  o b ta in e d , a n d  show t h a t  a  d e n d r it ic  
s t r u c tu r e  re su ltin g  fro m  h ig h  c a s tin g  te m p e ra tu r e  
red u ces b o th  th e  s t re n g th  an d  d u c ti l ity , a n d  t h a t  
c a s tin g  cold is  eq u ally  in ju r io u s  ow ing  to  th e  
fo rm a tio n  o f d e fec ts  d u e  to  e n tra p p e d  ox id e , o v e r
lap s  a n d  blowholes.

Admiralty Gun-Metal.

F re e z in g  th ro u g h  a  m ore  e x te n d ed  ra n g e — 
a p p ro x im a te ly  200 deg. C .— th e  d ifficu lty  o f c a s t
ing  solid  an d  fre e  fro m  c ry s ta l w eakness in creases 
p ro p o rtio n a te ly .
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P h o to m ic ro g ra p h  1 (F ig . 12) show s th e  m icro 
s t r u c tu r e  o b ta in e d  fro m  th is  a lloy  w hen c a s t  in  a  
ch ill m ould . T h is  la rg e  c ry s ta l  s t r u c tu r e ,  o b ta in e d  
b y  r a p id  cooling, serves t o  in d ic a te  th e  d ifficu lties 
w hich  w ill be  e n c o u n te re d  in  th e  m a n u fa c tu re  o f 
so u n d  sa n d  cas tin g s, a n d  t h a t  to  a t t e m p t  p ro d u c 
tio n  w ith o u t  a  know ledge  o f  th e  in flu en ce  o f b o th  
te m p e ra tu re  an d  tim e  is c o u r tin g  tro u b le  a n d  
losses.

C onsider, as a  p ra c t ic a l  ex am p le , t h e  sim p le  
c y lin d rica l p ro p e lle r -s h a f t  l in e r  c a s tin g , w h ich  is 
f re e  from  an y  co m p lica tio n s o f  d esig n . T he d im e n 
sions o f th e se  re a c h  24 in . d ia .,  25 f t .  long , a n d  
w ith  a  sec tio n  o f 11,- in . W h en  c a s t  in  d ry  s a n d  o r 
loam  m oulds in  th e  o rd in a ry  w ay, t ro u b le  in v a r i 
ab ly  a rises  in  th e  fo rm  o f p a tc h es  o f o p e n - te x tu re ,  
liq u a tio n -h o les  a n d  se g reg a tio n  d u e  t o  se lec tiv e  
c ry s ta ll is a tio n , n o  m a t te r  w h a t  p re c a u tio n s  a re  
ta k e n  in  th e  c o n tro l o f  th e  m ix tu re , m e ltin g  a n d  
p o u r in g  te m p e ra tu re s  or r a te  of ru n n in g  (F ig . 13).

T h e  c ry s ta l l is a t io n  ra n g e  is so e x te n d e d  t h a t  
so lid ity  a n d  h o m o g en e ity  a r e  n o t  a ffected  
m a te ria lly  by  sm all q u a n ti t ie s  o f  e i th e r  so lub le  or 
inso lub le  im p u r it ie s . S o lub le  im p u r i t ie s  such  as 
a lu m in iu m , a n tim o n y  a n d  a rsen ic  h a v e  b u t  l i t t l e  
d e le te rio u s  effect. P b , a  low  m e lt in g -p o in t  m e ta l, 
w hich  is o f te n  in tro d u c e d  in  co n sid e rab le  q u a n ti 
t ie s  a n d  w hich does n o t  alloy  w ith  co p p er, in c reases  
c a s tin g  d ifficulties. To a  c e r ta in  e x te n t  i ts  
in ju r io u s  in flu en ce  in  th is  d ire c tio n  m ay  b e  o v e r
come by  th e  in tro d u c tio n  o f a n tim o n y  o r  su lp h u r , 
w hich  com bines w ith  b o th  c o p p er a n d  lea d , a n d  
en su res  th e  fo rm a tio n  o f a n  alloy  w ith  th e s e  con
s t i tu e n ts .  S u lp h u r  is b est in tro d u c e d  b y  m ea n s  o f 
g a len a .

O n th e  o th e r  h a n d , m e ta ls  such  as iro n , 
ch rom ium  a n d  t i ta n iu m , w hich  g iv e  r is e  to  th e  
fo rm a tio n  o f in so lub le  com pounds, a re  n o t  o f  th e  
sam e v a lu e  as in  b ra ss , fo r  e x am p le , w h ils t a n y  
beneficia l in flu en ce  t h a t  th e y  m ay  h a v e  as “  g ra in -  
r e f in e rs ”  is o f te n  n e g a tiv e d  by  th e i r  te n d e n c y  to  
g ive rise  to  h a rd  spo ts  a n d  to  se g reg a te .

T h e  m a n u fa c tu re  o f so u n d  c a s tin g s  th u s  reso lves 
i ts e lf  in to  th e  q u e s tio n  o f th e  t im e  t a k e n  to  
so lid ify , a lth o u g h  te m p e ra tu re  a n d  r a t e  o f  ru n n in g
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a re  fa c to rs  w hich  c a n n o t  be ig n o red  a lto g e th e r . 
T h e  m eth o d s su g g estin g  th em selves, th e re fo re ,  fo r  
th e  m a n u fa c tu re  o f  so u n d  p ro p e lle r -s h a f t  l in e rs  
w ere  (1) c a s t  c e n t r if u g a l ly ; (2) b u ild  th e  m o u ld  
u p  by  m ean s o f a  se rie s  of c a s t- iro n  r in g s ;
(3) in s e r t  ch ills  in to  t h e  san d , cool th e  sa n d  by  a ir  
o r  w a te r  p ip es , o r allow  b o th  m ou ld  a n d  core  to  
cool to  room  te m p e ra tu re  80 deg. F . ,  fo r  cas tin g s .

M e th o d  N o. 1 p ro v ed  m o st successfu l, b u t  
d em an d s spec ia l p la n t  T he u se  o f  ch ills in c reases  
cost. C ooling  th e  m ou ld  by  m ean s o f a i r  a n d

F i g . 12.— S h o w s  M i c k o s t b u c t u b e  o f  G u n -  
M e t  a l  C a s t  i n  a C h i l e  M o u l d , M a g . 50 D i a s .

w a te r  p ip es  p ro v ed  successfu l b u t  so m ew h at 
d an g ero u s , a n d  th e  e x p e rim e n ts  w ere  d isc o n tin u e d  
w hen i t  w as fo u n d  t h a t  th ese  c a s tin g s  cou ld  be  
p ro d u ced  successfu lly  in  a  sim ple  s a n d  m o u ld  by 
m ak in g  co n d itio n s  as fa v o u ra b le  as possib le  fo r  
ra p id  cooling, by  c o n tro llin g  th e  c a s tin g  te m p e ra 
tu r e  be tw een  1,050 a n d  1,100 deg. C ., a n d  r u n n in g  
qu ick ly  fro m  th e  to p .

T h is  ex am p le , chosen to  i l lu s tra te  th e  d ifficu lties 
en co u n te re d  w ith  t h is  m e ta l a n d  th e  r ig id  c o n tro l 
necessary  in  th e  m a n u fa c tu re  o f so u n d  c a s tin g s  of 
sim ple  sec tio n , also shows th e  re la tiv e  im p o rta n c e  
of design in  l im itin g  a n d  p ro p o r t io n in g  o f sec tio n s 
in  b ro n ze  c a s tin g s  o f  com plex fo rm .



421

Grey Cast Iron.
C o lu m n ar c ry s ta llis a tio n  and  weak c ry sta l zones 

com m on to  m eta ls  a n d  alloys w hen c a s t  h o t and  
ra p id ly  cooled a re  ra re ly  e n co u n te red  in  g rey  cas t

F i g . 1 3 a .— O p e n  T e x t u r e  i n  a  P r o p e l l e r  S h a f t  
L i n e r

iro n  c a s t  u n d e r  s im ila r  co nd itions. D ie cas tin g  
w ith  a h ig h -ca rb o n  h e m a tite  iro n , free  from  weak 
c ry s ta l zones— an d  w hich m achines, w ith o u t 
a n n e a lin g — is q u ite  com m onplace, d e sp ite  a 
f ree z in g  ra n g e  o f 200 deg. C. M odify  th e  com
p o sitio n , how ever, such th a t  all th e  ca rb o n  is 
re ta in e d  in  com plete  so lu tion  a t  n o rm al te m p e ra 



tu r e s  o f m e ltin g  a n d  p o u rin g , a n d  i t  behaves as 
an y  o th e r  alloy, a n d  s t r e n g th  becom es a  f ru i t io n  
of te m p e ra tu re  of p o u r in g  a n d  r a te  o f cooling.

I n  o rd in a ry  cupo la  p ra c t ic e  th e  c h an g e  be tw een  
th ese  tw o ex tre m e s is  g ra d u a l , a n d  n o t  su b je c t 
e n tire ly  to  chem ical co n tro l. I t  is fo r  th is  reaso n
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F i g . 1 3 b .— L i q u a t io n  H o l e s  i n  a  P r o p e l l e r  
S h a f t  L i n e r .

t h a t  g re y  iro n  h a s  so long  heen  re g a rd e d  as an 
u n c e r ta in  m e ta llu rg ic a l p ro d u c t.

S p e a k in g  b ro a d ly , c a s tin g  te m p e ra tu re  in fluences 
a re  n o t  p ro n o u n ced  on  o rd in a ry  sa n d  c a s tin g s , 
a lth o u g h  g e n e ra l ex p erien ce  in d ic a te s  t h a t  th e  
h ig h e r  th e  c a s tin g  te m p e ra tu re ,  th e  closer a n d  fin er 
th e  g ra in  ; a lth o u g h  p u b lish ed  te s t  fig u res a re  con
fu sin g , W est a n d  L o n g m u ir f in d in g  th e  b est
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re su lts  could be o b ta in e d  from  a low o r m edium  
te m p e ra tu re ,  w h ilst Cook a n d  o th e rs  s ta te  cas tin g  
h o t gives th e  b e s t te s t  re su lts .

Does n o t th is  anom alous b eh av io u r of g rey  cas t 
iron  sug g est t h a t  i t  only  d iffers from  t r u e  alloys

F i g .  1 3 c .— S e g r e g a t i o n  in  a  P r o p e l l e r  S h a f t  
L i n e r  C a s t i n g ,  M a g .  5 D i a s .

by th e  p resen ce  o f suspended  g ra p h ite  p a r tic le s  in 
th e  m olten  iro n , an d  t h a t  th e  e x p la n a tio n  o f th e  
co n flic ting  te s t  re su lts  p u b lish ed  by v a rio u s  in v es ti
g a to rs  m u s t be so u g h t in  th e  n u c le a r ac tio n  o f free  
g ra p h ite  on th e  c ry s ta l g ro w th  d u r in g  solidifica
tio n . F ro m  th is  th eo ry  i t  is n o t d ifficult to  u n d e r 
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s ta n d  t h a t  a n  iro n  c o n ta in in g  b u t  l i t t l e  f re e  
g ra p h ite  w ill h e  p e cu lia r ly  su scep tib le  to  c a s tin g  
te m p e ra tu re  influences, a  h ig h  te m p e ra tu r e  b e in g  
resp o n sib le  fo r  a w eak c ry s ta l f o r m a t io n ; w h ils t 
a n  iro n  w hich  c o n ta in s  a p p rec ia b le  q u a n ti t ie s  o f 
su sp en d ed  g ra p h ite  w ould  be im m u n e  f ro m  such  
c ry s ta l w eakness. S im ila r ly , does i t  n o t  e x p la in  
why th e  l a t t e r  iro n  is so f t  a n d  w eak  w hen  p o u red  
cold?

R e g a rd e d  in  th is  w ay, g re y  c a s t  iro n  fa lls  in to  
l in e  w ith  t r u e  alloys, a n d  its  m e ta llu rg y  is 
sim plified.

Steel.
T he h ig h  te m p e ra tu re  necessa ry  in  m e ltin g  an d  

th e  re a d y  o x id a tio n  o f iro n  a n d  i ts  alloys re n d e r  
th e  m a n u fa c tu re  o f  sound  stee l c a s tin g s  p e c u lia r ly  
d ifficult, a n d  a lth o u g h  sc ience  now  fu rn ish e s  an  
e x p la n a tio n  o f t h e  d iffe re n t fo rces o p e ra t in g  in  
m a n u fa c tu re , re m e d ia l m easu re s a re  in te r -d e p e n 
d e n t  u p o n  p la n t  l im ita t io n s  a n d  com m on sense.

A n o tew o rth y  f e a tu re  of th e  a lloys a lre a d y  con
s id e red  is  t h a t  t h e  h a r d e r  th e y  becom e th e  m ore  
su scep tib le  a re  th e y  to  c ry s ta l  w eakness. C a st s tee l 
is  no  ex ce p tio n , a n d  th e  ill-effects o f a  d e fec tiv e  
p r im a ry  c ry s ta l fo rm a tio n  m a n ife s ts  its e lf  th ro u g h 
o u t  th e  c a re e r  of th e  ca s tin g , no  m a t te r  th e  subse
q u e n t  t r e a tm e n t .  P h o to m ic ro g ra p h s  N os. 1, 2 a n d  
3 (F ig . 14) d e lin e a te  th e  p e rs is ten c y  of such  s t r u c 
tu r a l  w eakness in  a  n ick e l-ch ro m e stee l w hich  was 
scorched in  m e ltin g  a n d  p o u re d  to o  h o t. N o. 1 is 
a s cas t, No. 2 a f te r  fo rg in g  to  h a lf  th e  o r ig in a l 
c ross-sec tiona l a re a , N o. 3 a f te r  fo rg in g  to  one- 
e lev en th  th e  o r ig in a l  in  a re a  in  th r e e  h e a tin g s . 
T hey  show h e a t - tr e a tm e n t  a n d  m ec h an ic a l w ork 
to  h av e  m ere ly  c ru sh ed  th e  p r im a ry  d e n d r ite s  
to g e th e r  w ith o u t rem o v in g  c leav ag e  b r itt le n e s s .

T h e  te s t  re su lts  o b ta in e d  a t  e ach  s ta g e  of m a n u 
fa c tu re ,  as c a s t ; as cas t a n d  a n n e a le d ; a n d  as cas t 
a n d  h e a t- tr e a te d  to  refine  th e  s t r u c tu r e  o f th e  c a r 
b ide , also a f te r  th e  sam e h e a t - tr e a tm e n t  in  th e  
fo rged  co n d itio n s, a r e  d e ta ile d  in  T ab le  IY .

T h e  fo llow ing o b se rv a tio n s a re  of i n t e r e s t : —
T he s t r e n g th  of th e  c a s tin g  is 19.5 to n s  low er 

th a n  t h a t  o b ta in e d  from  th e  fo rg in g , a lth o u g h  o f 
s im ila r  B rin e ll te n a c i ty  h a rd n ess , a n d  is  devo id  o f 
d u c til ity . A n n ea lin g  im proves t h e  d u c ti l i ty ,
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No. 3.
F i g .  1 4 .— S h o w i n g  P e r s i s t e n c y  o r  S t r u o -  

t u r a i . W e a k n e s s  i n  N i c k e r - C h r o m e  S t e e r .
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a lth o u g h  i t  is n o t  co m p arab le  w ith  t h a t  o b ta in e d  
from  th e  fo rg in g . W h en  h a rd e n e d  t o  140 to n s  
B rin e ll te n a c ity  o n ly  54.2 to n s  a re  a c tu a lly  
o b ta in e d , a g a in s t  80 to n s  ten s ile  fro m  th e  fo rg in g  
w hose sec tio n a l a rea- was re d u ce d  to  o n e -h a lf  t h a t  
o f th e  cas tin g , a n d  124 to n s  fro m  th e  se c tio n  
re d u ce d  to  o n e-e lev en th  th e  o r ig in a l cross-sec tional 
a rea .

T o som e d eg ree  all com m erc ial stee ls  e x h ib it  
s t r u c tu r a l  w eakness, d e p en d in g  u p o n  th e  e x te n t  o f 
c o n tro l in  m e ltin g  a n d  o f t h e  p o u r in g  te m p e ra tu re .

Impurities.

I n  view  o f changes w hich  steels u n d e rg o  in  th e  
p rocess o f so lid ification , im p u r i t ie s  in flu en ce  th e  
m ech an ica l p ro p e r tie s  t o  a  d e g ree  d e p en d in g  u p o n  
th e ir  n a tu r e  a n d  q u a lity . T h ey  m ay  be  classified 
as fo llo w s: — (1) T hose in so lu b le  in  th e  m o lten  
m e ta l;  (2) th o se  s e p a ra t in g  o u t  a s  d e fin ite  con
s t i tu e n ts  d u r in g  so lid ification  ; a n d  (3) th o se  e n te r 
ing  in to  solid  so lu tio n . In so lu b le  im p u r i t ie s , com 
p ris in g  a lu m in a , su lp h id es an d  s ilic a te s , c re a te  a 
c ry s ta l g ro w th  fro m  w ith in  a n d  a re  e n tra p p e d  in 
th e  m eshes o f  th e  b ra n ch e s  of th e  p r im a ry  c ry s
ta l l i te s ,  th u s  ta k in g  a sk e le to n  o u tlin e  o f th e  
d e n d r ite . T h e  p re ssu re  o f im p u r it ie s  w h ich  se p a 
r a te  fro m  th e  so lu tio n  d u r in g  so lid ifica tio n  d ep en d s 
upon  th e  c o n d itio n  o f th e  m e ta l as rece iv ed  in to  
th e  lad le . I f  scorched  o r  o x y g en a ted , i t  is  q u ite  
conceivable  t h a t  o x id es a n d  gases m ay  be  re je c te d  
o n  free z in g  a n d  a p p e a r  in  t h e  fin ished  c a s tin g  in  
m ech an ica l a d m ix tu re  a t  th e  ju n c tio n s  of a d ja c e n t  
c ry s ta l  g ra in s . A n e x am p le  o f th is  ty p e  is illu s
t r a t e d  by  p h o to m ic ro g ra p h , F ig . 15. T h e re  is  every  
reaso n  to  believe, th e re fo re , t h a t  a  co rre c tly  
d eox id ised  steel m ay  s ti ll  c o n ta in  co n sid erab le  
oxygen  in  so lu tio n , a n d  t h a t  i t s  so lu b ili ty  is 
in c reased  by th e  p resence  o f such re f r a c to ry  m e ta ls  
as n ick e l, ch ro m iu m  a n d  m olybdenum , w hich  
m eta ls , in c id e n ta lly , a re  a  com m on so u rc e  o f s t ru c 
tu r a l  w eakness because  o f th e i r  low a llo y in g  pow er.

W h ils t  i t  has n o t  been  possib le to  co n sid er steel 
to  th e  le n g th  i t  deserves, i t  is e v id e n t t h a t  i t  p r e 
sen ts  m uch  th e  sam e  d ifficu lties in  re g a rd  to  s t ru c 
tu r a l  w eakness as th e  low er m e ltin g -p o in t alloys 
w hich freeze  th ro u g h  a  r a n g e  o f te m p e ra tu r e s ;
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t h a t  th e  cause  a n d  e lim in a tio n  p re sen ts  a  s im ila r  
p roblem , an d  t h a t  im p u r i t ie s  beh av e  in th e  sam e 
way.

Conclusions.
S um m arised , th is  P a p e r  show s: —
(1) T h a t  an alog ies e x is t betw een  alloys w ith  

re g a rd  to  th e  o rig in , c o n s titu tio n  an d  effect of th e  
p r im a ry  c ry s ta l s t ru c tu re  on  th e  m echanical p ro 
p e r tie s  of cas tin g s.

F i g .  1 5 .— S h o w i n g  t h e  P r e s e n c e  o f  Im 
p u r i t i e s  a t  C r y s t a l  B o u n d a r i e s .

(2) T h a t  soluble im p u ritie s  g ive  rise  to  a  s tru c 
tu r a l  h e te ro g en e ity  in  all alloys w hich is p ecu lia rly  
p e rs is te n t  an d  d e tr im e n ta l  to  th e  physical 
p ro p e rtie s  d e sp ite  su b seq u en t t r e a tm e n t.

(3) T h e  p o ssib ilities of co n sid erin g  g rey  c a s t iron 
as a  t r u e  alloy.

(4) L as tly , th e  v a lu e  o f re sea rch  on c ry s ta l s tru c 
tu r e  in  th e  m a n u fa c tu re  of cas tin g s to  com pete  
w ith  fo rg in g s  an d  stam p in g s.
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Birmingham and Sheffield Branches.

RELATIVE VALUES OF FEEDERS OR DENSENERS 
IN GREY IRON AND MALLEABLE IRON.

By E. Longden, Member.
T h e  su b je c t m a t te r  of th is  P a p e r  is o b ta in e d  

from  w orks p ra c tic e  a n d  e x p e r im e n t. Two classes 
o f iro n  a r e  d e a l t  w itb — w h ite , w hich  is  subse
q u e n tly  a n n e a le d  to  p ro d u ce  e i th e r  R e a u m u r  o r  
b lack  h e a r t  m alleab le  iro n  c a s tin g s , a n d  th e  m ore 
com m only-used g re y  iro n  fo r  g e n e ra l c a s tin g s . 
A co m p ariso n  is m ad e  of th e  m e r i ts  o f  feed e rs  an d  
d en sen ers  ; a lso, in  th e  course  of th e  e x p e rim e n ts , 
a  co m p ariso n  is  m ad e  be tw een  w h ite  a n d  g rey  
iro n  t r e a te d  in  th e  sam e  w ay a n d  p o u re d  in to  th e  
sam e fo rm  of m ould . S uch  a p ro c e d u re  h e lp s  to  
d e m o n s tra te  a  d e fin ite  re s u l t  r a th e r  th a n  t r u s t  to  
g e n e ra l d e d u c tio n . A lth o u g h  n o t  q u ite  in  lin e  
w ith  th e  t i t l e  of th is  P a p e r ,  m u ch  ev id en ce  will 
be g iv en  show ing th e  effect of gases in  p ro d u c in g  
un so u n d n ess p r in c ip a lly  in  g re y  iro n .

W h ite  a n d  g re y  iro n  a c t  v e ry  d iffe re n tly  on  
cooling  from  th e  liq u id  to  th e  so lid , a n d  to  p ro 
duce  sound  c a s tin g s  in  each  c lass of m e ta l, d if 
f e re n t  fe e d e r  a n d  ru n n e r  g a te s  a re  a p p lied . A 
sound  c a s tin g  is v e ry  o f te n  eas ily  o b ta in e d  in  g rey  
iron  w hich p re se n ts  m uch  d ifficu lty  in  w h ite  iro n .

White Iron has Shorter Freezing Range.
O rd in a ry  fo u n d ry  g re y  iro n s  c o n ta in  la rg e  q u a n 

t i t ie s  o f  silicon  a n d  ca rb o n  ; th e se  e lem en ts  to g e th e r  
a re  m ain ly  respo n sib le  fo r  th e  so f te n in g  of c a s t  
iro n . W ith  th e  ex ce p tio n  o f su lp h u r , w h ite  iro n  
holds sm alle r a m o u n ts  of th e  com m on im p u r it ie s  
fo u n d  in  g rey  iro n , a n d  co n seq u en tly  possesses 
a sh o rte r  flu id  life .

T he d isso c ia tio n  o f th e  iro n  c a rb id e  w hen g rey
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iro n  oools p ro v id es co m p en sa tio n  fo r liq u id  sh r in k 
age. Only a  t ra c e  o f c a rb o n  is p re c ip ita te d  when 
w h ite  iron  cools, th e  h u lk  (rem aining in  com bina
tio n , an d  co n sequen tly  th e re  is m ore  liq u id  
sh rin k a g e .

T he p r in c ip a l fac to rs  w hich govern  th e  r a te  o f 
so lid ification  in  cas t iro n s a r e : — D egrees of su p e r
h e a t  above m e ltin g  te m p e ra tu re  an d  freez in g  p o in t 
a s  d e te rm in e d  by com position . T h e  a m o u n t of 
com bined c a rb o n  governs th e  m e ltin g  te m p e ra tu re ,

an d  th e  h ig h e r th e  to ta l  carb o n  th e  lo n g er th e  
pe rio d  of cooling. I t  is g en era lly  accep ted  th a t ,  in 
m e ltin g  g re y  iron , th e  g ra p h it ic  carb o n  m u st first 
be dissolved before  fusio n  p o in t is reach ed , which 
re su lts  in a  co n sid erab le  am o u n t o f h e a t  being  
re n d e re d  la te n t,  an d  is s ta te d  to  be eq u a l to  a 
su p e rh e a tin g  o f a b o u t 270 deg. C. T he m eltin g  
te m p e ra tu re  o f g rey  iro n  is g iv en  as 1,250 deg. C., 
a n d  t h a t  of w h ite  iro n  a b o u t 1,120 deg. O. S ili
con, by red u c in g  th e  s ta b ili ty  of iron  c a rb id e  and  
com pelling  c a rb o n  to  p re c ip ita te ,  g e n e ra te s  h e a t  
a n d  p ro longs th e  life  o f th e  m olten  m eta l, so t h a t  
g re y  iro n  freezes a t  a  low er te m p e ra tu re  th a n  i ts  
m e ltin g  p o in t.



Liquid Shrinkage and Gas Holes.
M an y  fo u n d ry m en  a n d  m e ta llu rg is ts  s ta te  t h a t  

th e y  can  d is tin g u ish  th e  d ifferen ce  be tw een  a gas 
ho le  a n d  liq u id  sh r in k a g e  c a v ity . P e rso n a lly , th e  
a u th o r  a d m its  t h a t  h e  h a s  n e v e r  been too su re ,

especially  w ith  g re y  iro n . Blow holes fro m  cores 
a n d  m oulds som etim es show up  v e ry  c le a r ly ; blow 
holes from  occluded g ases a re  n o t  c e r ta in .

Methods of Feeding.
To o b ta in  so u n d  cas tin g s , fe ed in g  is  re so r te d  to . 

In  g rey  iro n , fe ed in g  is accom plished  in  sev e ra l 
ways, th e  m o st com m on o f w hich  is p u m p in g  w ith  
a w ro u g h t-iro n  ro d  in se r te d  in  th e  r is e r  h ead s  
m ain ly , a n d  ru n n e r  g a te s . S o m etim es th e  g a te s  
a re  su b je c ted  to  a p u m p in g  m o v em en t o b ta in ed  
by  p lac in g  sa n d  on th e  m eta l in  th e  ru n n e r  b asin , 
u s in g  a  sp ad e  w ith  a n  u p -an d -d o w n  m o vem en t 
u n t i l  th e  m o tio n  o f th e  m e ta l in  th e  r is e r  ceases, 
th e  o b jec t b e in g  to  keep  th e  m e ta l m ov ing  on  th e  
to p  s id e  o f th e  m ould , th e re b y  p re v e n tin g  i t  
so lid ify in g  b e fo re  th e  m e ta l below. I n  o th e r  cases 
f lu id ity  of th e  m e ta l is  p ro lo n g ed  by a d d itio n s  of 
h o t  iron  to  r is e r  a n d  ru n n e r  b ead s . W h a t  a re  
te rm e d  se lf-feed in g  h e ad s  a r e  fixed o n  c e r ta in
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ty p es  o f c a s tin g s . I n  m any  cases th e  la t t e r  
m ethod  is p re fe r re d  r a th e r  th a n  r isk  th e  o ften  
n n in te l l ig e n t  u se  o f  t h e  feed in g  ro d . W hen  feed 
ing  a  h e av y  sec tion , h o t  m e ta l is su p p lied  from  
t im e  to  tim e . I n  v e ry  h eav y  c a s tin g s  fed  over 
a  long  p e rio d , a  re serv e  n u m b er o f  loose r ise r  
bushes a re  p ro v id ed , so t h a t  when th e  m e ta l in  
th e  h e ad  congeals from  th e  o u ts id e , r e s tr ic tin g  
th e  m ovem en t o f th e  ro d , th e  whole bush , w ith  its  
so lid  a n d  so lid ify in g  m eta l, is to r n  off a n d  a  new 
b u sh  s u b s ti tu te d ,  w hich is  th e n  filled w ith  h o t 
iron .

I n  w h ite  iro n , la rg e  se lf-feed in g  h ead s  a re  
a p p lied  b o th  in s id e  a n d  o u ts id e  o f  th e  m ould. 
C onsiderab le  sk ill is n eeded  to  lo ca te  th e  feeders. 
Shapes of ru n n e r  a n d  feed e r heads hav e  so o f ten  
been d e a lt  w ith  t h a t  th e y  w ill only  in c id e n ta lly  
be re fe r re d  to .

S m all p ieces o f so lid  iro n  a re  in se r te d  in sid e  
a n d  o u ts id e  o f  m oulds to  sh o rte n  th e  p e rio d  of 
coo ling  a n d  p re v e n t  th e  fo rm a tio n  of cav itie s  in  
sec tions which a re  p ro n e  to  defec ts .

Short Chills are Preferable.
I r r e g u la r  th in  p la te s  o f  la rg e  a re a  can  be k e p t 

s t r a ig h t  by  b u ild in g  in  th e  m ould  sh o r t  len g th s
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of c a s t  iro n  o r s teel, p laced  ju d ic io u sly  so t h a t  th e  
r a te  of cooling  is h a s te n e d  d iag o n a lly , crossw ays 
a n d  in  th e  c e n tre . C are  m u s t  be  ex erc ised  in 
p lac in g  such ch illin g  pieces. ( In  such  cases, th e  
te rm  chill m ig h t be used , as th e  o b jec t is n o t  to  
densen  th e  m eta l, b u t  to  o b ta in  a  m o re  u n ifo rm  
c o n tra c t io n .)  W h en  used  fo r  such a  p u rp o se , 
ch ills  shou ld  be m ade  in  n a rro w  len g th s . I f  long 
pieces a re  b u i lt  in  th e  m ould , th e  side  of th e  ch ill 
in c o n ta c t  w ith  th e  m olten  iro n  will e x p a n d  moire

ra p id ly  th a n  th e  re v e rse  s ide  w h ils t th e  iro n  is 
s ti ll  m o lten  ; co n seq u en tly  th e  convex su rfa c e  th u s  
fo rm ed  leaves th e  level o f  th e  m ou ld  face  an d  
r ises in to  th e  m eta l, p ro d u c in g  a sc rap , o r  a t  b est 
a n  u n s ig h tly  c a s tin g . E v en  w ith  th e  g re a te s t  
c a re  th e  m ark  of th e  ch ill is v ery  e v id e n t, an d  
un less th e  ch illed  side  of th e  c a s tin g  is  o u t o f 
s ig h t w hen e rec te d , such  a  process c a n n o t be 
s tro n g ly  recom m ended .

Chills and Denseners.
C hills a r e  also used  to  equ alise  th e  r a te  o f  cool

in g  be tw een  h eav y  a n d  l ig h t  se c tio n s  to  p re v e n t  
f r a c tu re  an d  d is to r tio n . D en sen ers  a re  used  to  
im prove  an d  close th e  g ra in  o f w earing snrfaces
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in  v a rio u s  im p o r ta n t  c a s tin g s , b u t  th e  p r in c ip a l 
d u ty  o f th e  d en sen er lies in  i ts  use  to  e lim in a te  
c a v ity  a n d  p o ro sity  in  fe rro u s  cas tin g s.

Occlusion of Gases in Metals.
I t  is g en era lly  u n d e rs to o d  t h a t  m ost of th e  

p o ro sity  a n d  c av ity  in  g rey  an d  w h ite  iron  is 
c au sed  by liq u id  sh r in k a g e . T he a u th o r  believes 
M r. J .  E . F le tc h e r  is responsib le  fo r th e  s ta te m e n t 
t h a t  “  feed in g  is necessary  to  f a c i l i ta te  th e  escape 
of occluded g ase s .”  A t a  m ee tin g  o f th e  F a ra d a y

Society , h e ld  on  N ovem ber 18, 1918, an  ex h au s tiv e  
d iscussion to o k  p lace  on  th e  occlusion o f gases 
by m eta ls . M r. P . P e a k m a n  th e re  s ta te d  t h a t  
h e  “  w as in c lin ed  to  th in k  t h a t  c a s t  iro n  does 
occlude c e r ta in  gases, an d  some of th e  fa ilu re s  
which th e r e  seem s som e d o u b t as to  th e ir  cause  
a re  possib ly  d u e  to  th e se  occluded gases d e sirin g  
to  escape o r  in te ra c t  on  th e  c o n s titu e n ts  o f th e  
i ro n .”  D r. H a tfie ld  th e n  s ta te d  t h a t : — “ T he 
h ig h  p e rc e n ta g e  of silicon n o rm ally  p re se n t in 
g rey  c a s t iro n  enab les i t  to  ta k e  c a re  o f th e  gases 
which could possibly be absorbed u n d e r  m eltin g  
co n d itio n s. I n  my w orks ex p erien ce  I do n o t re
member see in g  cast iron c o n ta in in g  blow-holes



d u e  to  occluded gases if  th e  silicon c o n te n t  was 
over 0 .3  o r  0 .4  p e r  c e n t .,  a n d  silico n  is a lw ays 
h ig h e r  th a n  th a t .  B low -holes in  c a s t  iro n  a re  
a lm o st in v a ria b ly  d u e  to  w h a t th e  fo u n d ry m a n  
calls t r a p p e d  a i r ; t h a t  is, th e  m ould  h a s  n o t  been  
m ade  in a  p ro p e r m a n n e r  o r  i t  is a  d am p  m o u ld .”  

F o r  th e  m o m en t i t  is su ffic ien t to  s ta te  t h a t  th e  
fo llow ing  e x p e rim e n ts  lead  th e  a u th o r  ve ry  
s tro n g ly  to  believe  t h a t  gases p ro d u c e  c a v ity  a n d  
p o ro sity  in  g re y  iro n  a n d  gases a n d  liq u id  sh r in k 
age a re  to g e th e r  responsib le  fo r  c a v ity  an d  p o ro sity  
in w h ite  iro n .
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Experimental Procedure.
F ig . 1 re p re se n ts  a n  e x p e rim e n ta l b lock c a s tin g  

d esig n ed  to  g iv e  a  m ax im u m  o f g a s  o r  liq u id  
s h r in k a g e  c av ity  w ith  a view  to  d isco v erin g  th e  
cause  an d  th e  b e s t w ay to  e lim in a te  th e  d e fec ts  
fo u n d . T he c a s tin g  w eighs a b o u t 28 lbs. W h ere  
one section  m eets a n o th e r , th e  co rn ers  w ere le f t  
sh a rp  a n d  sq u a re  to  f a c i l i ta te  easy  b re a k in g  of 
th e  blocks in to  d is t in c t  sec tio n s. E a c h  p iece  was 
a g a in  b roken  th ro u g h  th e  c e n tr e  a t  r ig h t-a n g le s  
to  th e  previous fracture. The second  fractures  
w ere obtained  by crushing in  th e  jaw s of a
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h y d ra u lic  p ress. T h is was accom plished by p lac ing  
th e  p iece  of c a s tin g  on  a  V block an d  th e n  ho ld ing  
a t r ia n g u la r  ro d  of steel o v e r th e  to p  of th e  piece 
to  be b ro k en  a n d  th e n  su b je c tin g  to  h y d ra u lic  
p re ssu re . A n e a t  f r a c tu r e  is o b ta in e d , an d  all 
v i ta l  sp o ts  o f th e  c a s tin g  disclosed.

W ith  o n e  o r tw o ex cep tio n s, th e  blocks were 
p o u red  in  tw o  p o sitio n s  fo r each te s t ,  one w ith  th e  
sm all e n d  u p  an d  th e  o th e r  la rg e  end  up.

T he fo llow ing is th e  a p p ro x im a te  an aly sis of th e  
g re y  iro n  p o u red  in to  th e  block m o u ld s :— Si, 2 .5 ; 
M n, 0 .3 ; S ., 0 .0 9 ; an d  P . ,  0 .9  p e r  cen t.

F ig . 2 show s w h a t was disclosed a f te r  th e  first 
a tte m p t.  T h e  m oulds w ere m ad e  in  g reen  sand , 
b o tto m  p o u red , an d  a ll o rd in a ry  p re ca u tio n s  e x e r
cised  to  secu re  a  good c as tin g  ex cep t t h a t  no  effort 
was m ad e  to  feed. T he re su lt  a t  once opened up 
an  in te re s t in g  field fo r  f u r th e r  e x p erim en ts . D id 
n o t th e  fo rm a tio n  o f th e  c a v itie s  show d is t in c t  
o u tlin e s  o f g a s s tre am s, especially  in  th e  block cas t 
sm all en d  u p ?  I n  th e  block c a s t  la rg e  end  u p , th e  
cav itie s  a re  collected  in  th e  cen tre , w here  th e  tw o 
h eav y  .p a r ts  m eet.

Small Runners Reduce Cavities.
Tw o blocks w ere th e n  p o u red , each  th ro u g h  a 

|- in .  d ia . p en cil g a te , as seen in  Fig'. 3. T h ere  
is c e r ta in ly  a re d u c tio n  in  th e  e x te n t  a n d  ch an g e  
in  th e  p o sitio n  of th e  cav itie s . T he n e x t two 
blocks, d ep ic ted  in  F ig . 4, w ere p o u red  in 
th o ro u g h ly  d r ie d  m oulds. T he a m o u n t o f cav ity  
com pares ve ry  fav o u rab ly  w ith  th o se  ru n  th ro u g h  
pencil g a te s . F ig . 5 show s th e  effect of ap p ly in g  
a 4-in . d en sen er to  th e  c e n tre  o f th e  heavy  p a r t  
of th e  c a s tin g . I t  is  in te re s t in g  to  no te  t h a t  th e  
c av ity  is red u ced .

Two a d d itio n a l h a lf-c irc u la r  d en seners were 
p laced  a b o u t th e  neck of th e  heavy  sections when 
m ak in g  th e  n e x t tw o  m oulds. D efec ts a re  ag a in  
red u ced  a n d  m oved to  th e  p o sitio n s as shown in 
F ig . 6 .

A n o th e r  p a ir  of den sen ers  was ad d ed , w hich re 
su lted  in a  f u r th e r  d im in u tio n  of th e  cav itie s , as 
d ep ic ted  in  F ig . 7.

A th i r d  p a ir  o f den sen ers  w as th e n  ap p lied  in  
th e  p o sitio n  show n in  th e  n e x t  i l lu s tra tio n , F ig . 8 , 
g iv in g  a p e rfe c tly  sound c lose-grained  c a s tin g
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th ro u g h o u t. A  p a ir  o f c a s tin g s  m ad e  fro m  an  
iro n  m ou ld  also g av e  a s im ila r  re su lt.  I n  th e  la s t 
tw o  te s ts  w ith  s o f t  p h o sp h o ric  iro n , a  sm a ll a re a  
a b o u t  th e  size o f  a th re e p en n y -p ie ce , o f o pen- 
g ra in e d  s tru c tu re ,  a p p e a re d  in  th e  c e n tre  o f  th e  
ju n c tu r e  of t h e  tw o  h eav y  p a r ts .  W h en  th e  s ili
con a n d  p h o sp h o ru s w ere  re d u ce d  to  below  1 .6  an d  
0.6  p e r  c e n t,  re sp ec tiv e ly , a  v e ry  c lo se -g ra in ed  
s t r u c tu r e  w as o b ta in e d  even a t  th is  v i ta l  sp o t.

A r is e r  g a te , th e  sam e size  as th e  sm a ll en d , w as 
c a r r ie d  th ro u g h  th e  m o u ld  a n d  a b a s in  o f  iro n  
p ro v id ed  to  a c t  as a  se lf-feed er. D efec ts  w ere  n o t 
so p ro n o u n c ed  as in  th e  f irs t t e s t ,  th e  p la te  h a v in g  
excluded  som e o f th e  m ou ld  gases w hich  h a d  p re 
viously  escaped  u p w a rd s  th ro u g h  th e  m e ta l.

Feeding Experiments.
A h a lf-c irc u la r  se lf-fe e d er w as th e n  a p p lie d  in  

th e  fo llow ing block p o u red , as show n a t  B in  F ig . 9. 
Only a sm all d e fec t is disclosed, show ing  t h a t  th e  
heav y  feed e r h a d  m a in ta in e d  a  h o t  p a ssa g e  fo r  
th e  occluded a n d  m ould  gases to  p ass o u t .
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F ig . 10 il lu s tra te s  u n so u n d n ess w ith  ro d  feed 
ing . W h en  p o u red  a n d  fed  stnall en d  to p , a  la rg e  
c a v ity  was fo u n d  in  th e  b o tto m  heavy  sec tion . 
W ith  th e  h eav y  end  to p , as will be  expec ted , a 
m ore sound  c a s tin g  is  o b ta in e d , b u t  th e  re su lt  is 
n o t  q u ite  s a t is f a c to r y ; sm all g a s holes a p p e a r  
u n d e r  th e  o u te r  edges o f th e  feed in g  h ead , w ith  
th e  u su a l d is tu rb e d  c ry s ta ll is a tio n .

Absence of Mould Gases gives Sound Castings.
L a te r  th e  a u th o r  cam e to  th e  conclusion t h a t  a 

sound  c a s tin g  m ig h t be o b ta in e d  i f  a ll o r  m ost of

th e  m ould  gases w ere  p re v e n te d  from  e n te r in g  
th e  m olten  m eta l. M oulds w ere c o n stru c ted  in 
p lu m b ag o  b o u n d  to g e th e r  w ith  a sm all p ro p o rtio n  
o f core gum , th o ro u g h ly  d ried  and  g a te d  in  th e  
sam e m an n e r as th e  e a r l ie r  a tte m p ts .  P e rfec tly  
solid  c a s tin g s  w ere secu red , th e  g ra in  o f th e  iron  
b e in g  a l i t t le  closer th a n  th o se  c a s t  e n tire ly  in  
g re en  san d . W ell-d ried  g a n is te r  m oulds also gave 
a v e ry  so u n d , b u t  m uch  closer g ra in e d , cas tin g .

A n u m b er of p h o to g rap h s  w ere ta k e n  of th e  
cross-section  of th e se  e x p e rim e n ta l block cas tin g s. 
No. 1 shows one of th e  f irs t c a s tin g s  p o ured  in to  
a g reen  sa n d  m ould w ith o u t any  feeder. The



jecond  is a  p h o to g ra p h  of th e  so u n d  c a s tin g  finally  
o b ta in e d  by a  p ro g ressiv e  a p p lic a tio n  of d en - 
seners. I t  m ig h t be  h e re  n o ted  t h a t  th e  d en sen ers  
w ere loose an d , ex cep t th e  o ne  on  th e  h eav y  see-
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P h o t o g b a p h  No. 2.

tio n , in  ha lv es a n d  free  to  be p u sh e d  back in to  
th e  san d  w hen th e  g rey  iro n  e x p an s io n s  ta k e  p lace  
on  cooling. N os. 3 a n d  4 a re  so u n d  castings  
o b ta in e d  fro m  p lum bago  a n d  g a n is te r  m oulds 
re sp ec tiv e ly , a s  desc rib ed  above.
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A Further Type of Casting.
F ig . 11 g ives p a r t ic u la r s  o f a n o th e r  e x p e ri

m en ta l block c a s tin g  w eigh ing  ab o u t cw ts. An 
a p p a re n tly  sim p le  ca s tin g , b u t  m ost fo u n d ry m en  
a p p re c ia te  th e  difficulty  in  secu rin g  a  defin itely  
sound  c a s tin g  by o rd in a ry  m o u ld in g  m ethods, 
especially  if  i t  is to  be  m ach ined  all over and  
th ro u g h  th e  c en tre , as d ep ic ted  by d o tte d  lines 
in  th e  ske tch

T he firs t c a s tin g s  p ro d u ced  h ad  a  sand-co red  
hole th ro u g h  th e  c e n t r e ; th ey  w ere b o tto m  poured  
a n d  tw o heav y  se lf-feeders lo ca ted , as show n in  
F ig . 12. A la rg e  c a v ity  was disclosed a b o u t th e  
c e n tre  core  a n d  a  l i t t le  to w a rd s  th e  to p  side. A 
s im ila r  c a v ity  was ex p erien ced  w hen th e  c e n tra l  
hole was form ed by  an  iro n  co re  o r densen er. A 
block c a s t  w ith o u t core, r is e r  o r  fe ed e r gave a 
s lig h tly  la rg e r  cav ity . F ig . 15 -shows a  c as tin g  
fed  th ro u g h  a  6-in . r is e r  an d  h ead , b u t  th is  was 
a g a in  d e fec tive .

A passab le  c a s tin g  was secu red  by ap p ly in g  6-in. 
d en seners to  th e  c en tre  of th e  m ould , one to p  and  
one b o tto m , a n d  a feed in g  head  s i tu a te d  as shown 
in F ig . 13.

F ig . 14 shows th e  sam e c as tin g  p o u red  th ro u g h  
sev era l b o tto m  sp ra y  ru n n e rs  w ith o u t a n y  r ise r  o r  
feed er w hatev er. Two d en sen ers, 10-in. d ia ., w ere 
p laced  in  th e  c e n tre  of th e  m ould , to p  an d  bot
tom . A p e rfe c tly  sound, c lose-g ra ined  ca s tin g  
re su lte d . P h o to g ra p h  No. 5 shows a p iece  c u t 
from  a n d  across th e  c e n tre  of th e  c a s tin g .

F o rtif ie d  by  th e  ex p erien ce  g a in ed  from  th e  
sm a lle r  blocks, one of th ese  heavy  cas tin g s  was 
po u red  in  a  p lum bago  m ould  w ith o u t r is e r  or 
feed er, an d  secu red  a sound  c a s tin g , th e  c ry s ta ll i
sa tio n  n o t be ing  so p ro n o u n ced  as those  p o u red  in 
g re en sa n d  m oulds. F u r th e r ,  a m ould m ade in 
g a n is te r ,  th o ro u g h ly  d ried , gave a e a s tin g  also 
w ith o u t any  d efec ts an d  a m uch d enser s tru c tu re

Experiments with White Iron.
F ig . 16 re p re se n ts  a  block o f w h ite  iro n , which 

shows a  s tr ik in g  c o n tra s t  w ith  th ose  m ade  in grey 
iro n  a n d  o f th e  sam e d im ensions.

B locks s im ila r  to  F ig . 1, m ade  in g reensand  
m oulds a n d  n o t fed , w ere p o u red  in  w h ite  iro n ,
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a n d  disclosed, a s w ould be  e x p ec ted , m uch  c a v ity , 
as i l lu s t r a te d  in  F ig . 17.

T h e  fo u r  se ts  o f d en sen ers , w hich  h a d  p roved  
so e ffec tive  w hen a p p lie d  to  th e  b locks p o u re d  in 
g re y  iro n , d id  n o t  b r in g  an y  n o tic e ab le  im p ro v e 
m e n t w ith  w h ite  iro n . A s w ill be  n o te d  in  F ig .  18,

P h o t o g r a p h  N o . 3 .

th e  d e fec ts  a re  a lm o st as ex ten s iv e  as th o se  p o u red  
in  g re en  san d  w ith o u t fe ed in g .

F ig . 19 d e p ic ts  tw o a t te m p ts  to  o b ta in  a so u n d  
c a s tin g . T h e  block c a s t  sm all end  u p  re q u ire d  a 
la rg e  fe ed e r to  secu re  th e  r e s u l t  show n— only  sm all 
c av itie s . I t  is in te r e s t in g  to  n o te  t h a t  th e  fo r 
m a tio n  of th e  d e fec ts  seem  to  in d ic a te  t h a t  th e  - 
gases h a v e  w orked  dow n a n d  th e m  u p  th ro u g h  th e



feed er head  P o u r in g  th e  c a s tin g  la rg e  end  up, 
w ith  a 3-in . r is e r  g a te  an d  a se lf-feed ing  head , 
re su lte d  in  a sound  cas tin g .

I f  som e o f th e  com m on d efec ts found  in o rd in a ry  
a n d  im p o r ta n t  cas tin g s  a re  ex am in ed , w hether
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P h o t o g r a p h  N o . 4 .

p o u red  in iro n  low o r h igh  in  those  e lem ents or 
im p u rit ie s  which c o n s t itu te  c a s t  iro n , m uch will 
be le a r n t  from  th e  e x p e rim e n ts  ju s t  described.

Gas Cavity Defects Illustrated.
F ro m  th e  g ro u p  of d raw in g s i l lu s tra tin g  sec

tio n s  com m only ex p erien ced  w ith  d e fec ts  which a re

t
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u su a lly  ex p la in ed  as liq u id  s h r in k a g e  holes, i t  is 
su g g ested  t h a t  th e y  a re , w ith  girey iro n , in  ev ery  
case, gas cav itie s .

F ig . 31 show s a  sec tion  of a  h eav y  half-flyw heel. 
T ee-shaped  holes a re  fo rm ed  in  th e  r im  by  co res. 
S p o n g iness o c c u rr in g  a t  th e  nose of th e  co re  in  
sp ite  o f h eav y  ro d  feed in g , w as e lim in a te d  w hen 
a  v ery  f re e  co re  v e n t  w as p ro v id ed .

G ear b lan k s  s im ila r  to  F ig .  32 g iv e  t ro u b le  
w here  th e  a rm  m eets th e  rim . G ases p lay  off th e  
h o t  cotrners of th e  core. D en sen ers  p lac ed  in  th e  
cores, a s  show n in th e  e n la rg e d  sec tio n , is  th e  
rem edy .

A t F ig . 33, a n o th e r  ty p e  of g e a r  b la n k  is o u t
lin ed . A v e ry  so u n d  a n d  h a rd -w e a r in g  g e a r  is 
o b ta in e d  by em p lo y in g  a  r in g  o f d e n se n e rs  to p  
an d  b o tto m  o f th e  w eb. T h e  d en sen ers  a re  con
s tru c te d  as d e p ic ted  in  th e  e n la rg e d  sec tio n s . 
Only com m on iro n  is u sed  fo r  th e  cas tin g s .

F ig . 34 i l lu s t r a te s  a sec tio n  w hich  a lso  gives 
tro u b le . H e re  a g a in  gases p lay  in to  th e  h o t  sp o t 
fo rm ed  w here  th e  b ra c k e t  m ee ts  th e  body. H oles 
fo rm ed  th ro u g h  th e  b ra c k e t, p re fe ra b ly  by  a n  iro n  
core, as d escribed , will p ro v e  effective.

F ig s . 35 a n d  37 show d e fec ts  in  sm all ra m  a n d  
heav y  h y d ra u lic  c y lin d e r cas tin g s . D en sen ers  
a tta c h e d  to  th e  cores a re  em ployed . I f  gases a re  
co n d u c ted  free ly  aw ay , a n d  th e  co re  v e ry  c a re fu lly  
m ade , th e  d en sen ers  a r e  n o t  need ed . F ig . 36 is 
a n o th e r  com m on d e fec t. C a v ity  is  d isclosed when 
th e  recess is c lean ed  u p  by m ac h in in g . F ig s . 38, 
3fl a n d  40 c a n  a ll be  e x p la in ed  in  a  l ik e  m an n e r.

F ig . 20 is a p a r t  sec tion  o f a  sleeve c a s tin g , 
which is m ach in ed  a ll o v er. D efec ts  o ccu r a b o u t 
th e  p lace  w here  a  p o r tio n  o f th e  m o u ld  p ro tru d e »  
in to  th e  m eta l. S u ch  a p iece  of sa n d  qu ick ly  
reach es  a  h ig h  te m p e ra tu re  a n d  a c ts  a s  a  h e a t  
r e ta in e r ; th e  g ra in s  o f sa n d  e x p a n d  a n d  loosen 
som ew hat, a llow ing  a  f re e r  p a ssa g e  fo r  th e  im 
p riso n e d  gases in  th e  body o f th e  m ould , a n d  un less  
an  easy  a n d  c le a r v e n t  is p ro v id ed , th e  gases will 
flow in to  an d  b e  fo u n d  in  th o se  p laces l a s t  to  
freeze, as in d ic a te d  in  th e  sk e tch . A d e n se n e r 
p laced  on  th e  b o re  o p p o site  th e  u n so u n d  p lace  
h a s ten s  cooling  of th e  m eta l, th e re b y  re d u c in g  th e  
t im e  t h a t  th e  gases can  g e n e ra te  a n d  flow from  
th e  sand .
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More Defects Explained.
F ig . 21 shows a  sp in d le  c a s tin g . Sponginess is 

in  ev id en ce  a t  th e  ro o t o f th e  sh a f t  when th e  te e 
h ead ed  slo ts a re  m ach ined  o u t .  A g re a t  d e p th  of 
h e ad  m e ta l would n o t rem ove th is  defec t. A 
d en sen er p laced  as show n in  th e  b o tto m  section 
e lim in a te s  u n soundness.

F ig . 22 is a n o th e r  com m on d efec t— poro sity  
a b o u t c y lin d e r p o rts . Such  th in  cores a c t as h e a t 
r e ta in e rs .  I f  th e  l ig h te n in g  core betw een th e  
p o r ts  is n o t  free ly  v e n te d , de fec ts  as in d ica ted  
m ig h t be  ex p ec ted . A n u m b er of sm all c lean  n a ils  
p u sh ed  in  th e  m ould o r cores ab o u t th e  v ita l spot 
g en era lly  e lim in a te s  such a tro u b le . F ig . 23

P h o t o g r a p h  N o . 5.

illu s tra te s  a s im ila r  case. T he d ra w in g  shows a  
p o r tio n  of a D iesel cy lin d e r h ead .

Sponginess in  p u lley  bosses can  be e ra d ic a te d  by 
rem ov ing  th e  co re  a n d  p lac in g  denseners b o th  to p  
an d  bo tto m , as d ep ic ted  in  F ig . 24. T he size of 
d en sen er should  a lw ays be  less th a n  th e  d iam e te r  
of th e  boss 'by 1 in . N o t only  is c av ity  rem oved , 
b u t  r a te  o f cooling is m uch m ore equalised  and 
d a n g e r  of f r a c tu re d  c a s tin g s  m inim ised .

S h rin k a g e  holes in  heavy  feed in g  heads w ith  a 
core  ru n n in g  th ro u g h  th e  c en tre  show up  as in 
F ig . 25. O av ity  is  disclosed on th e  core side as 
well as in  th e  c e n tre  of th e  h ead  section . The 
co re  becom es very  porous an d  o v e r-h ea ted  a t  th is  
p a r t ,  a llow ing  gases to  flow free ly  in to  th e  m eta l
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th e re , possibly to  r e a c t  w ith  occluded  gases an d  
g e n e ra te  h e a t  in  th e  lo ca lity .

F ig . 26 show s a sec tio n  o f te n  e n c o u n te re d  in 
cy lin d e rs , e tc . A f te r  ta p p in g  a  ho le, c a v ity  is 
fo u n d  a t  th e  ro o t of th e  boss. A n u m b e r o f sm all 
c lean  n a ils  in se r te d  in  th e  m ould  so t h a t  th e y  do 
n o t  p r o tru d e  in to  th e  m ach in ed  p o r tio n  w ill o v e r
come th is  tro u b le .

I n  th e  n e x t  ex am p le , F ig . 27, o f a  fo rk -lik e  
c a s tin g , a  co m p ariso n  can  be  m ad e  b e tw een  g rey  
a n d  w h ite  iro n . “  A ”  is a  sec tio n  show ing  th e  
p o sitio n  o f th e  c a v ity  w hen c a s t  in  g re y  o r w h ite  
iro n . In  g rey  iro n , th e  d e fec t d isa p p e a re d  w hen 
a  d en sen er w as a p p lie d  a s  in d ic a te d  in  th e  sk e tch  
“ C .”  I n  w h ite  iro n , th e  d e n se n e r p ro v ed  u se 
less. A so u n d  c a s tin g  w as o b ta in e d  in  w h ite  iro n  
by e n la rg in g  th e  sec tio n  ab ove  th e  tro u b leso m e 
sp o t a n d  p ro v id in g  a se lf-feed in g  h ead , a s  show n 
a t  “  B .”

Various Cavities Eliminated.
F ig . 28 m ig h t re p re s e n t  a  d o u b le-p in io n  b lan k  

c a s t in  w h ite  iro n . H e re  th e  co m b in a tio n  o f den - 
seners a p p lie d  to  th e  b la n k -c a s t b o tto m  a lo n g  w ith  
tw o  good fe ed in g  h e ad s  is n e ce ssa ry  to  se c u re  a 
sound  c a s tin g .

F ig . 29 shows a sec tio n  com m only  m e t w ith  'both 
in  g re y  a n d  w h ite  iro n . W ith  w h ite  iro n , th e  
gases w hich  p ass  in to  th e  h o t  sp o t r e a c t  w ith  
occluded gases, p ro b a b ly  g e n e ra t in g  h e a t  and  
a llow ing  m e ta l to  d ra in  aw ay  a n d  su p p ly  feed  
to  o th e r  p a r ts  o f th e  c a s tin g . D en sen ers  p laced  
in th e  co rn ers  will rem ove th e  d e fec t.

A n L -sh ap ed  c a s tin g  is  i l lu s t r a te d  in  F ig . 30. 
T he c a s tin g  is  of w h ite  iro n , a n d  w eighs ab o u t 
4-j cw ts. I f  d en sen ers  a re  n o t  a p p lie d  to  th e  
h eav y -sec tio n  co rn ers , to g e th e r  w ith  good fe ed in g  
head s , u n so u n d n ess a n d  w eakness w ould  th e re  be 
expected .

How to Prepare Denseners.
T h ere  a re  s t i l l  m an y  fo u n d ry m en  who a re  p re 

ju d ic e d  a g a in s t  th e  use  of th e  d en sen er, p ro b ab ly  
b ecause  th e y  hav e  allow ed th e m  to  be  care lessly  
used. L it t le  t ro u b le  need  be fe a re d  from  th e i r  use  
if  th e y  a re  sy s te m a tica lly  c a re d  fo r. F l a t  den- 
sen ers  can  be used  fo r  a co n sid erab le  n u m b er of 
tim es  if  th e y  a re  g ro u n d  on an  em ery  sto n e  each
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tim e  a f te r  u s in g . D enseners to  be  p laced  in 
g re en sa n d  m oulds a re  q u ite  safe  if sm eared  w ith  
oil, follow ed by an  a p p lic a tio n  of d ry  p lum bago , 
b u t  th ose  to  be p laced  in  cores an d  m oulds which 
a re  d r ie d  shou ld  be p a in te d  w ith  stiff core  oil and  
d r ie d  in  a  stove be fo re  in se r tin g  in  th e  sand.

P h o to g ra p h  N o. 6 shows a d en sener which has 
been  used  only  tw ice  below th e  h ead  in  a heavy 
c a s tin g . T h is ex am p le  shows th e  necessity  for 
c a s tin g  d en sen ers  in  low silicon  and  phosphorus 
iro n , especially  th e  la t t e r .  A r a p id  w astin g  has 
ev id e n tly  ta k e n  place. T h ere  a p p ea rs  to  have  
been liq u a tio n  of th e  p hosph ide  eu tec tic .

P h o t o g k a p h  No. 6 .

Conclusions.
In  com m only-used fo u n d ry  g rey  irons, w ith  sili

con ra n g in g  from  1.3 to  2.8 pe r c en t., and  th e  
o th e r  e lem en ts in  p ro p o rtio n s  usu a lly  en co u n tered , 
d e fec ts , ex c lu d in g  d is t in c t  m ould and  core blow
holes, e tc ., as described  in th is  P a p e r , a re  caused 
by t r a p p e d  m ould  gases re a c tin g  o r  in te ra c t in g  
w ith  occluded gases, p ro b ab ly  fo rm in g , m ainly , 
carb o n  m onoxide. I f  m ould  gases c a n  be p re 
v en ted  from  e n te r in g  th e  m olten  m eta l, a sound 
c a s tin g  re su lts , even if  p o u red  w ith  d u ll iron . 
A lth o u g h  n o t  com m ercially  p ra c tic a b le , c as tin g s  
m ade in  d ried  g a n is te r  o r  p lum bago  m oulds gave 
p e rfe c tly  solid cas tin g s . I t  would also follow th a t  
a c av ity  is n o t necessarily  t r a n s fe r re d  to  a n o th e r
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p a r t  o f th e  c a s tin g  w hen e lim in a te d  a t  a p a r t i 
c u la r  p a r t  by  a d ensener.

D e fec ts , e x c lu d in g  m o u ld in g  e r ro rs , in  w h ite  
a n d  m o ttled  iro n  a re  d u e  to  liq u id  s h r in k a g e  a n d  
gas inclusions.

D e n sity  in  g re y  iro n  is d e te rm in e d  by  th e  r a te  
of cooling a n d  co m position . F reed o m  fro m  c av ity  
a n d  p o ro s ity  o r  so lid ity  d ep en d s on  th e  ab sen ce  
of m ould  gases. T h e  so lid ity  o f  m e ta l p o u re d  in to  
iro n  m oulds is d u e  to  th e  ab o v e-m en tio n ed  com 
b in a tio n , a n d  n o t, as h a s 'been s ta te d ,  to  th e  r e 
s is ta n ce  o f th e  iro n  m ou ld  to  th e  e x p an s io n s  which 
ta k e  p lace  w hen g rey  iro n  cools.

F in a lly , th e  a u th o r  d esires to  acknow ledge  h is  
g r a t i tu d e  to  th e  d ire c to rs  of M essrs. T an g y es, 
L im ite d , fo r  h e lp  a n d  p e rm iss io n  to  c a r ry  o u t  th e  
e x p e rim e n ts  in  th e i r  fo u n d ries .

RELATIVE VALUES OF FEEDERS AND DENSENERS 
FOR STEEL.

By H. Bradley.
M r . B r a d l e y  (Sheffield) sa id  i t  w as im p ro b ab le  

t h a t  d en sen ers  w ould  ev er ta k e  th e  p lace  of 
feed ers , b u t  in  m an y  ty p es  o f c a s tin g s  d en sen ers  
w ere  v e ry  u s e f u l ; a lm o st in d isp en sab le .

T h e  d en sen er in  m an y  cases saved  m u ch  m a c h in 
ing  w here th e  fe e d e r  w ould h a v e  to  be  sh a p e d  o r  
p lan e d  a f te r  th e  saw in g  o r b u rn in g  off.

In  c a s tin g s  w ith  sec tio n s o f u n e q u a l th ick n ess  
den sen ers , in te rn a l  o r  e x te rn a l ,  a p p lie d  to  th ic k  
sec tio n s re g u la te d  th e  co o lin g , a n d  th e re fo re  m ad e  
th e  c a s tin g  s tro n g e r  a n d  saved  i t  p u llin g . E v e ry 
th in g  d ep en d ed  on th e  desig n  o f th e  c a s tin g  to  
be m ad e  a n d  th e  q u a n t i ty  re q u ire d .

In  u s in g  in te rn a l  o r  e x te rn a l  d en sen ers , th e  
g r e a te s t  c a re  h a d  to  be  t a k e n  to  see th e y  w ere 
p e rfe c tly  c lean  a n d  d ry , o r  t ro u b le  w ould be  
ex p erien c e d . T h e  s a fe s t  p la n  w as t o  t in  th e  
in te rn a l  ones. E x te r n a l  ones sh o u ld  be  covered  
w ith  b lack  lead  a n d  d r ie d , o r  t a r r e d  o r  sm oked as 
a  c ru c ib le  in g o t m ould . O ne o f th e  f re q u e n t  
causes o f f a i lu re  w as u s in g  ru s ty  d en sen ers . 
D ensen ers  e lim in a ted  w aste  in  s tee l, as in  som e 
cases no  fe ed in g  h e a d s  w ere r e q u i r e d ; in  o th e r s  i t  
en ab led  o n e  to  p u t  on  a  m u ch  sm a lle r  feed er.

C o n sid e r a  h y d ra u lic  cy lin d e r, say  w ith  24 off,
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w eig h in g  a p p ro x im a te ly  5 to n s  10 ewts. The 
p a t t e r n  was rece ived  w ith  th e  fe ed in g  head  on th e  
b o tto m  end  of th e  cy lin d er. D ensen ers  w ere m ade, 
a n d  fixed ro u n d  th e  th ic k e r  p a r t ,  w here  possible, 
to  en ab le  th e  stee l to  freeze  q u ick er a t  t h a t  p a r 
t ic u la r  p a r t ,  th e re fo re  te n d in g  to  equ alise  th e  
coo ling  a n d  sa v in g  a  p u ll  a t  th e  ju n c tio n  of th e  
v a ry in g  th ick n esses. A f te r  c a s tin g  a  few, in  te s t 
in g  th em  p o ro s ity  -was fo u n d  in  th e  th in n e r  
sec tio n  w here  i t  jo in e d  w ith  th e  p ress p o r tio n , one 
be ing  a  co m p le te  w aste r. T h e  'body was p a r te d  
off a t  th e  abo v e-m en tio n ed  p o sitio n , find ing  fo u r 
cav itie s  o r p ip e  holes u n d e rn e a th  th e  co lum n boss. 
I t  w as th e n  decided  to  c a s t  th em  th e  op p o site  end  
u p , w ith  a feed in g  h ead , an d  s ti ll  u s in g  th e  
den sen ers , a t  th e  sam e t im e  sa v in g  20 ow ts. to  
25 cw ts. of steel in  th e  feed in g  h ead  w ith o u t anv 
f u r th e r  tro u b le .

Mill Pinions.
H e re  in te rn a l  d en sen ers  w ere u sed , so as to  

save h a v in g  to  p u t  such  a la rg e  h ead  on th e  to p  
neck a n d  w obbler, th e re fo re  sa v in g  m uch m ach in 
ing , an d  a lso g e t t in g  a  m uch  b e t te r  an d  s tro n g e r  
neck  a n d  w obbler by  th e  g ra in  be in g  c loser, ow ing 
to  i t  b e in g  n e a re r  th e  c a s tin g  size. W hen ev er th e  
p in io n s  w ere, say, 30 in . a n d  u p w a rd s  in  d iam e te r  
i t  w as p re fe ra b le  to  core  th em  o u t ,  in  p lace  o f 
u s in g  th e  d en sen er, p ro v id in g  th e  e n g in e e r w ould 
allow i t ,  fo r th e  b o tto m  w obbler was la rg e  enough 
to  allow, say , a  4 to  4 |  in . hole th ro u g h  i t .

Yoke Castings.
I n te r n a l  d en sen ers  h a d  a g a in  to  be  re so rted  to  

in  o rd e r  to  so lid ify  th e  c a s tin g  an d  to  save m uch 
costly  sh a p in g  if feed ers  w ere used. F eed ers  w ere  
fixed on th e  o u te r  rim  p o rtio n , also a t  th e  fee t.

DISCUSSION AT SHEFFIELD.
M e . E d g i n t o n , in  o p e n in g  th e  d iscussion , sa id  

he h a d  h ad  som e ex p erien ce  in  th e  use  o f chills 
in  c a s t  iro n . H e  th o u g h t  i t  w as a  p ity  
th e  su b je c t w as n o t  m ore  w idely know n. 
H e  rem em b ered  w hen he  com m enced to  use 
th em  th e  consid erab le  d ifficulty  which arose. 
On a  se ries  o f  cas tin g s  he  used  a ch ill j u s t  u n d e r  
th e  to p  flange. T h is  p ra c tic e  c o n tin u ed  fo r
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pro b ab ly  n in e  o r  te n  d ay s. I t  was th e n  tb e y  
e n c o u n te re d  som e tro u b le . S ix  o f  th e se  c y lin d e rs  
w ere c a s t  p e r  day . A f te r  th e  f ir s t  six  c a s tin g s  
th e y  fo u n d  th e  c a s tin g s  'began  to  “  k ic k  ”  o r  
“ b low .”  I t  w as fo u n d  th e re  w as a g as hole in  
th e  to p  o f th e  cy lin d e r above th e  ch ill, a n d  
e v e n tu a lly  i t  w as d isco v ered  t h a t  th e  c au se  o f th e  
t ro u b le  w as t h a t  th e y  h a d  u sed  th e  ch ills  
re p e a te d ly , a n d  as a r e s u l t  som e o x id e  fo rm ed  on  
th em , which r e a c te d  w ith  th e  m o lten  m e ta l.  Now , 
w hen th e y  h a d  a  se rie s  o f c a s tin g s  th e y  n e v e r  
exceeded  five o r  six  tim e s  b e fo re  th e y  used  a new 
se t of ch ills .

M b. S. R  R obinson  a g ree d  w ith  m u ch  M r. 
E d g in to n  h a d  sa id . H e  th o u g h t  ch ills  e lim in a te d  
m an y  tro u b le s  in  c a s tin g . H e  w as of o p in io n  t h a t  
m an y  o f th e  sam ples show n o n  th e  screen  by M r. 
L o n g d en  could  h a v e  been  o vercom e w ith  ch ills  a n d  
w ith o u t  th e  d ifficu lt m e th o d  o f ru n n e rs . T o  his 
m in d , m an y  o f  th e  c a s tin g s  h e  h a d  seen , if  th e y  
h a d  been  to p -p o u red , w ould h a v e  e lim in a te d  m uch  
tro u b le  so f a r  as th e  sh r in k a g e  holes w ere  con
cern ed . D u r in g  th e  w ar p e r io d  he  h a d  h a d  con
s id e rab le  tro u b le  w ith  th e  m ak in g  o f c y lin d e rs , du e  
to  th e  core. A f te r  e x p e rim e n tin g , in s te a d  of p u t t i n g  
in  th e  co re , th e y  used  a  chill, a n d  w ith  ch ills  th ey  
c a s t  100 cy lin d e rs  w ith o u t  a w a ste r. T h en  th e y  h a d  
a  blow on th e  to p , a n d  c a s t  seven m ore  b e fo re  th e y  
h a d  a n o th e r  good one . C hills w ould  o n ly  s ta n d  
u s in g  a  c e r ta in  n u m b e r o f tim es . H e  b ro k e  th e  
ch ill m en tio n ed , a n d  d isco v ered  t h a t  ev ery  t im e  th e  
ch ill w as u sed  m ore  o x id e  was fo rm ed , a n d  
e v e n tu a lly  blew  th e  c a s tin g . H e  w ould  l ik e  to  
know  th e  n u m b er o f t im e s  ch ills  cou ld  be u sed .

Mould and Metal Gas Reactions.
M r . K atseb  sa id  t h a t  w hile  he  d id  n o t  th in k  

t h a t  an y o n e  w ould  d eny  t h a t  th e  u se  of ch ills 
would g iv e  th e  re su lts  M r. L o n g d en  s ta te d ,  y e t  
s im ila r  re su l ts  could  in  n u m ero u s  in s ta n c e s  be  
o b ta in e d  by o th e r  m o re  su ita b le  a n d  a t  th e  
sam e tim e  c h e a p e r  m eth o d s o f p ro c ed u re .

I t  was n e v e rth e le ss  in te re s t in g  to  h a v e  th e  
d if fe re n t uses o f  ch ills  b ro u g h t  fo rw a rd , b u t  he  
w as a f ra id  t h a t  M r. L o n g d en  h a d  se rio u sly  d e p re 
c ia te d  th e  v a lu e  of h is  P a p e r  by th e  s t r a n g e  a n d , 
in  h is (M r. K a v s e r ’s) o p in io n , e rro n e o u s  e x p la n a -
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t io n s  he p u t  fo rw a rd . T h ere  were no  g ro u n d s  
w h a tso ev er fo r th e  a ssu m p tio n  t h a t  a  g as evolved 
fro m  th e  m ou ld  w h ils t th e  m eta l was s till  m olten  
re a c te d  w ith  g ases occluded  in  th e  m eta l to  g ive  
r is e  to  a n o th e r  ty p e  of gas which p ro d u ced  blow 
holes, a n d  u n t i l  th e  le c tu re r  cou ld  g iv e  ev idence 
in  s u p p o r t  o f h is  c o n te n tio n , h e  th o u g h t  i t  would 
be b e s t  n o t  to  a d v a n c e  such  an  incom prehensib le  
th eo ry .

I n  th e  case  o f c a s t  iro n , a ch ill would, w ith  a 
s u ita b le  m ix tu re  o f m e ta l, p ro d u ce  a h a rd  su rface , 
b u t  as f a r  as ch ills  w ere co n sid ered  t h a t  even ing , 
th ey  w ere co n sid ered  n o t  so m uch  as su rface  
h a rd e n e rs  b u t  r a th e r  a s  a  m ean s o f p ro d u c in g  
sound  c as tin g s , a n d  in  t h a t  re sp ec t th e  whole id ea  
in  u s in g  th em  w as so to  co n tro l th e  d irec tio n  an d  
r a t e  o f f ree z in g  t h a t  no  pockets o f m olten  m eta l 
w ere  c re a te d , as such  p o c k e ts  a lw ays gave r is e  to  
sh r in k a g e  c av itie s  a n d  consequen tly  w ere a  source 
of w eakness.

M r. K a y se r  re m a rk e d  t h a t  i t  was u n fo r tu n a te  
t h a t  all th e  c a s tin g s  u p o n  which p o st-m o rtem  
e x a m in a tio n s  w ere he ld  w ere b ro k en  open to  
d e m o n s tra te  th e  d e fec ts  th ey  c o n ta in e d . I t  was 
m uch  b e t te r  to  m ach in e  c a s tin g s  o p en , as m anv  
s h r in k a g e  c a v itie s  w ere  q u ite  u n o x id ised , an d  
a lth o u g h  th e  c a v ity  in  th e  e a s tin g  m ay hav e  been 
as m uch  as J in . across, th e  tw o  h a lv es  w ere such 
a p p a re n tly  p e rfe c t f i t t in g  m ale  an d  fem ale  su rfaces  
t h a t  i t  was im possib le  to  d is tin g u ish  th e  f a c t  t h a t  
th ey  h a d  n o t  been  in  ab so lu te  c o n ta c t  be fo re  th e  ' 
c a s tin g  w as ru p tu re d .

M r . D a u l e y  sa id , in  re g a rd  to  steel, ch ills, in  his 
experien ce , o n  th e  o u ts id e  w ere  n o t a  success 
u n less i t  w as a com ple te  circ le . I t  was essen tia l 
th e r e  should  n o t b e  an y  jo in ts , fo r  if  th e re  w ere  
th e y  p ro d u ced  a p u ll a t  e ach  jo in t .  H e  rem em 
bered  severa l in s tan c es  w h ere  th e y  h a d  tr ie d  i t  
r e su ltin g  in  c u rio u s  p roblem s. G ases g en era lly  
cam e fro m  th e  b o tto m  side  of th e  m ould . T his 
h e  th o u g h t  w as on  a cco u n t of th e  s teel h a v in g  to  
t ra v e l  long  d is tan c es  in  th e  m ould, a n d  i t  w as n o t 
su ffic ien tly  liq u id  to  d riv e  o u t th e  gas. I t  w as 
n ecessa ry  to  have  m an y  y ears  of ex p erien ce  to  
u n d e rs ta n d  th e  m echanism  o f a  s tee l c as tin g , fo r 
a lth o u g h  th e  “ d ra w in g ”  m ig h t be  care fu lly  
ex am in ed  and  every  p re c a u tio n  ta k e n , i t  w as so
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easy to  g e t  th e  c a s tin g  m illed  in  tw o pieces. O ne 
o f th e  ch ief a r ts  of th e  stee l m o u ld er is a  know 
ledge  o f ch illin g  a n d  fe ed in g .

Chilling not Necessarily Hardening.
M b. P . T. B a i l e y  s ta te d  t h a t  th e  p r in c ip a l  th in g  

to  g e t  im pressed  on o n e ’s m in d  w as th e  f a c t  t h a t  
“  ch ill ” d id  n o t  necessa rily  m ea n  h a rd n ess , an d  
if  o r  w hen , i t  w as g e n era lly  u n d e rs to o d  t h a t  a 
c a s tin g  w hich h a d  b e en  ch illed  locally , in  say  a 
th ic k  boss a d jo in in g  a  th in  sec tio n , th e  c a s tin g  
m ig h t he  q u ite  so f t  a n d  m ach in ab le , a n d  also q u ite  
sound , th e n  m uch  p re ju d ic e  w ould  b e  overcom e. 
T he sam e re m a rk  a p p lie d  to  c a s tin g s  m ad e  e n tire ly  
in  chills, o r  p e rm a n e n t  m oulds. T h e  p o in t  sh o u ld  
be  b o rn e  in  m in d , p a r t ic u la r ly  in  c a s tin g s  m ad e  in  
g rey  iro n , a n d  if  c a re  w as ex erc ised  in  t h e  p ro p e r  
p ro p o r tio n in g  o f ch ills a n d  th e  rem oval o f th e  
ch ills  a t  th e  c o rre c t te m p e ra tu re ,  n o  d ifficu lty  
w ould be p re se n te d  in  th e  su b seq u e n t m ac h in in g  
o p e ra tio n s . I n  m o s t in s tan c es  no  a n n e a lin g  o r 
o th e r  h e a t  t r e a tm e n t  sh o u ld  be n ecessa ry . I n  th e  
case of m alleab le  c a s tin g s , h a rd n ess  b ro u g h t a b o u t 
by  ch illin g  w as o f l i t t le  consequence, as t h a t  w ould 
he  rem oved  in  th e  u su a l co u rse  o f  a n n e a lin g . I t  
w as in  th e  m alleab le  in d u s try  t h a t  th e  u se  o f ch ills  
w as m o st v a lu a b le , a n d  a lth o u g h  ch ills  h a d  been 
used  in  som e m alleab le  fo u n d rie s  fo r  a  good m an y  
y ears , in  o th e rs  th e i r  u t i l i ty  w as scarce ly  know n, 
o r  w as on ly  in  i t s  in fan c y . T h e re  w as a  so m ew h at 
com m on im p ress io n  in  som e q u a r te r s  t h a t  if  a  ch ill 
w as used  to  p re v e n t  d ra w in g  o r  u n so u n d n ess , th e  
ch ill o n ly  d ro v e  th e  d ra w  o r  u n so u n d  p o r tio n  
f u r th e r  in . I n  h is  o p in io n  t h a t  shou ld  n o t  o ccu r 
if  th e  c h ill in g  a n d  feed in g  w ere  d one  sy s te m a tica lly , 
becau se  i t  shou ld  be  possib le  to  r u n  a n d  feed  t h a t  
p a r t  o f  th e  c a s tin g  a d ja c e n t  to  t h e  p a r t  w hich  h a d  
been  ch illed , a n d  so e n su re  soundness th ro u g h o u t,  
even  if  th e  ch ill w as n o t  p e rh a p s  p ro p e r ly  p ro p o r
tio n ed  a n d  m ad e  such  a  course  necessa ry . As f a r  
as m alleab le  iro n  c a s tin g s  w ere  co n cerned , he  w ould 
a lw ays feed  a c a s tin g  to  e n su re  so u ndness , in  p re 
fe ren ce  to  u s in g  a ch ill if  i t  w ere  possib le, b u t  in  
view  of th e  m o re  e x a c tin g  d em an d s  o f th e  e n g in e e r  
a n d  th e  g r e a te r  v a r ie ty  o f sec tio n  th a n  fo rm erly , 
he w as sa tisfied  t h a t  i t  w as im p ra c tica b le , if  n o t 
im possib le , to  p ro d u ce  som e c as tin g s  of re c e n t



d esign  in m alleab le  iron  by  feed ing , o r  by ch illin g  
a lone . I t  w as on ly  by u s in g  b o th  m ethods in  con
ju n c tio n  t h a t  c e r ta in  m odern  re q u ire m e n ts  of th e  
d es ig n er m ig h t be m et. E ach  h a d  th e ir  ad v an 
tag e s  an d  d isa d v an tag e s , b u t if th ose  w ere  c a r e 
fu lly  co n sidered  i t  w ould be fo u n d  t h a t  ch ills  or 
d en sen ers  w ere  a v ery  im p o r ta n t and  valuab le  
a d ju n c t  to  th e  m alleab le  fo u n d ry . U sin g  a  chill 
w as on ly  a qu ick  m eth o d  o f  feed in g , a n d  it  would 
be well to  em phasise  th e  p o in t.

Chills for Steel Castings.
M r. T. W . Bro w n , re fe r r in g  to  th e  use  of chills 

on  steel c as tin g s , sa id  he w as n o t  a  g re a t  be liever 
in  u s in g  ch ills fo r such  a p u rp o se  w hen so lid ity  
cou ld  be o b ta in e d  by o th e r  m ean s; b u t w here  a 
chill was used, th e  ch ill should  cover th e  whole p a r t  
to  be ch illed , an d  i t  should  be all in  on e  piece. One 
u n p le a sa n t ex p erien ce  was th e  ch illin g  o f wheel 
cen tre s  a t  th e  a rm  en ds, w hich was n o t successful, 
as th ey  p roved  to  have s lig h t c rack s on th e  rim  
a t  th e  ju n c tio n  of th e  chill an d  san d . Some w ere 
only  s lig h t, a n d  d id  n o t show u n t il  m ach ined . 
A n o th e r case was th e  c h illin g  o f a  h y d rau lic  
cy lin d er, which was ch illed  a ro u n d  i ts  heaVy b e lt, 
th e  ch ill fo r  th is  be in g  in  segm ents a n d  so m ew h at 
open  a t  th e  jo in ts . On an  e x am in a tio n  of th e  
cas tin g s, i t  w as fo u n d  to  be c rack ed  a t  every  jo in t  
w here th e  ch ills d id  n o t q u ite  m eet each  o th e r, 
an d  t h a t  w as w hy he in s is ted  t h a t  if  chills w ere 
used th e y  m u s t be in  o ne  p iece, an d  e n tire ly  cover 
th e  p lace  to  (be ch illed . As to  th e  cause, 
he  th o u g h t, a t  th e  p o in t  w h ere  th e  ch ill 
a n d  sa n d  jo in e d  each  o th e r , th e y  h ad  a t  
on e  s ide  th e  m eta l k e p t  h o t  'by th e  sand , 
a n d  on th e  o th e r  th e  m e ta l solidified by  th e  chill 
face. As soon as so lid ification  h ad  ta k e n  p lace, 
c o n tra c tio n  com m enced, a n d  in  th is  case c o n tra c te d  
to  c e n tre  o f ch ill a n d  th e  jo in t  betw een  th e  h o t 
m e ta l k e p t  h o t by th e  sand , an d  th e  cooled m eta l 
by  th e  face  of th e  ch ill b e in g  th e  w eak est th en  
c rack s  m u s t  develop  a t  t h a t  p o in t. T h a t  was one 
of th e  reaso n s w hy he d id  n o t ap p ro v e  of chills. 
A n o th e r reaso n  w as from  an  econom ical p o in t of 
view . I n  a  fo u n d ry  i t  was q u ite  easy  to  m ak e  a 
ohill su ita b le  fo r  m an y  p u rp o ses them selves, b u t  in 
a s tee l fo u n d ry  i t  w as a  d iffe re n t p ro p o sitio n , as
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th e y  g e n era lly  h a d  to  g e t a  su ita b le  p a t t e r n  m ad e  
a n d  s e n t  o u t  to  o th e r  fo u n d rie s  to  be  c as t, as n o t 
m an y  steel fo u n d rie s  h a d  a m e ta l shop  as well as 
steel.

Fresh Aspects of the Use of Chills.
M r. A. R hydderch  sa id  t h a t  M r. L o n g d en  h a d  

confined h im self p u re ly  to  th e  p ro d u c tio n  of 
so u n d  c a s tin g s  in  ch ills , b u t  h a d  u n n e ce ssa rily  com 
p lic a te d  th e  is su e  by d iscu ssin g  th e  in te ra c t io n  of 
gases fro m  th e  m ould  a n d  m e ta l in  p ro d u c in g  
u n so u n d n ess . T h e  p h o to g ra p h s  show n on th e  
screen , p a r t ic u la r ly  a  few  of th em , w ere  v e ry  
obvious cases o f p ip in g  o r  liq u id  sh r in k a g e , w hich  
o ne  w ould ex p ec t on  c a s tin g  a  solid  o b je c t ,  b o tto m  
r u n  a n d  th in  en d  u p . I f  M r. L o n g d e n ’s th e o ry  
holds, i t  is im possib le  to  p ro d u c e  a  so u n d  c a s tin g  
in  san d  m oulds.

C om ing  to  M r. B ra d le y ’s P a p e r ,  n u m ero u s  
in s ta n c e s  h a d  been  g iv en  of th e  a p p lic a tio n  of 
chills to  v a r io u s  c a s tin g s , b u t  a  la rg e  n u m b e r of 
th e  im p o r ta n t  p o in ts  h ad  been  m issed.

F o r  in s tan c e , th e  le n g th  a n d  th ic k n e ss  o f chill 
in  re la tio n  to  th e  size  o f th e  jo b  h a d  n o t  been  
m en tio n ed . N a tu ra lly , a  long  ch ill, d u e  to  th e  
u n e q u a l h e a t in g  o f th e  faces, w ould  c a m b e r ; th in  
ch ills w ould p ro b a b ly  b u rn  on  ; ch ill c rack s  a re  se t 
u p  if  sm all ch ills  a re  n o t  a c c u ra te ly  jo in te d ,  a n d , 
finally , ch ill c rack s  a re  se t  u p  by  o v e r  ch illin g . 
T h is  is p a r t ic u la r ly  so in  h a r d  stee ls , c lin k in g  
ta k in g  p lace  on  su b seq u en t h e a tin g . S p e a k in g  
v e ry  g e n era lly , th e  th ic k n e ss  o f th e  ch ill should  
a p p ro x im a te  to  th e  th ic k n e ss  of th e  c a s tin g , an d  
should  be o f a  double w edge sh a p e , a s show n in 
F ig . A. T h is ty p e  o f chill m ee ts  m ost o f th e  above 
o b jec tions.

F i g . A .

A n o th e r  im p o r ta n t  f e a tu re  is t h a t  i t  is n o t  so 
m uch  a  q u estio n  of fe ed e rs  versu s  d e n se n e rs , as 
feed ers  w ith  d en sen ers  o r  chills. M o st fo u n d ry -  
m en  could call in s tan c es  to  m in d  w here  i t  w as im 
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p e ra t iv e  to  use  chills if  a solid ca s tin g  w as desired . 
T he u se  of ch ills does n o t  d im in ish  sh r in k a g e ; i t  
sim ply  aocelerate-s so lid ificatio n , th e re b y  allow ing 
m ore  effective  feed in g  to  ta k e  p lace. F u r th e r ,  i t  
enab les th e  size o f th e  fe ed e r h ead s to  be  consider
ab ly  red u ced , re su ltin g  in  som e cases to  a  sav ing  
o f 10 to  15 p e r  c en t, o f m eta l.

M r. L ongden  h a d  m en tio n ed  th e  p a in t in g  of 
ch ills. T h is  is v e ry  necessary  w ith  old chills, b u t 
if th e y  can  be th o ro u g h ly  c leaned , th e  re su lts  a re  
eq u ally  sa tis fa c to ry , un less th e  m oulds a re  to  be 
d ried , w hen i t  becomes necessary  to  p a in t .

T h e  tro u b le  o f p inho les, m en tio n ed  by M r. 
E d g in to n , is due" to  th e  c rac k in g  of th e  ch ills, th e  
c rack s  b e in g  filled w ith  oxides.

R e g a rd in g  th e  m a te r ia l  used  f o r  chills, m ild  and  
m ed iu m  carb o n  steels can  b e  used  as well as c a s t 
iro n . T he t ro u b le  of c rack s does n o t th e n  a r ise  if 
th e  ohills a re  g ro u n d  be fo re  b e in g  used.

M r . H yde sa id  th e r e  was one p o in t  h e  
would lik e  to  m en tio n  in  connection  w ith  c a s t  iron , 
a n d  t h a t  w as t h a t  th e  n u m b er o f tim es a  h e m a tite  
chill oould be used  in  sa fe ty  h as been know n fo r  a 
n u m b er o f years . H is  f a th e r  h a d  m en tio n ed  th e  
su b je c t in  co n n ec tio n  w ith  h y d ra u lic  tools, a n d  he 
h a d  sa id  th e y  a lw ays h a d  tro u b le  if  th ey  used  a 
chill too o f te n . H e  sc rap p ed  chills a f te r  th e y  h ad  
m ad e  30 tools. W h en  old ch ills w ere brokeD th e re  
w ere a series o f c rack s, an d , in  a d d itio n , th e  com 
p o sitio n  w as d is tin c tly  a lte re d . Som e of th e  silicon 
h a d  o x id ised , an d  th e  carb o n  h ad  a lm ost d isap  
p ea red . H e  would lik e  to  ask  th e  m ee tin g  if  th ey  
h ad  h a d  an y  ex p erien ce  of m ild  s te e l ohills in  p lace 
o f h e m a tite  ch ills, as th e  a lte ra t io n  due to  th e  
o x id a tio n  of th e  silicon an d  carb o n  d id  n o t  app ly  
if  th e  chill was m ade fro m  steel.

DISCUSSION AT BIRMINGHAM.
O pen ing  th e  d iscussion , M r . P arsons expressed 

th e  view  t h a t  if  th e  d en sen er was som ew hat of th e  
sam e th ick n ess  as th e  p a r t  on w hich i t  was p laced, 
u n less  th e  iro n  was a  v ery  h igh  silicon iro n , w ith 
f a ir ly  h ig h  to ta l  carb o n , i t  was likely  t h a t  th ey  
would g e t a chilled sk in . As to  th e  sketch  show ing 
th e  g a s  com ing  down o u t  of th e  m ould and  flowing 
up  in to  th e  r ise r , he asked w h e th er th e  g as really
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flowed o r w as squeezed d u r in g  so lid ifica tio n  by th e  
sm alle r p a r t  o f  th e  c a s tin g  coo ling  firs t. H e  also 
asked  fo r  in fo rm a tio n  a s  to  t h e  com position  o f a 
d en sen er t h a t  w ould n o t  b re a k  dowrn  re a d ily .

M r . A. M arks sa id  th e re  w ere no  d o u b t m an y  
causes o f c a v itie s  in  c a s tin g s . M r. L o n g d en  h a d  
em p h asised  on e , n am e ly , a b so rp tio n  of g ases by 
th e  m e ta l, a n d  i t  wa* o n e  th e y  e x p erien ced  g r e a t  
d ifficu lty  in  im p ress in g  u p o n  p ra c t ic a l  fo u n d ry -  
m en  as a  lea d in g  fa c to r  in  c o n n ec tio n  w ith  so u n d 
ness. E v en  in  a d ry  m ou ld  th e y  w ere  d e a lin g  w ith  
a  v e ry  co n sid erab le  a m o u n t o f g as, a n d  w ith  
m o d ern  o il san d  cores i t  was necessa ry  to  c a r r y  
o u t  v e n tin g  to  a la rg e  e x te n t .  M r. L o n g d en  h a d  
show n in  h is  e x p e rim e n ts  how o ccluded  gases in  
th e  m e ta l c au sed  tro u b le , a n d  t h a t  w as a f a c t  
w hich  was f re q u e n tly  lo s t s ig h t  of. I n  th e  case 
of ru n n in g  w a te r  from  a ta p  th e y  w ould n o tic e  
how th e  a i r  w as c a r r ie d  sev e ra l inch es deep  in to  
th e  w a te r  in  a  bowl, a n d  th e  sam e e ffec t w en t on 
in  m eta l, on ly  m ore in te n se ly . A  h eav y  m a te r ia l  
lik e  liq u id  iro n  w as c ap a b le  n o t  on ly  o f d isso lv ing  
gases, like  w a te r , b u t  of c a r ry in g  gases dow n 
m echan ically . I n  a d d itio n , th e y  h a d  a la rg e  
am o u n t o f  s lag  a n d  d ross c a r r ie d  dow n. C a rb o n  
m onoxide  w as d issolved in  th e  m e ta l a n d  w as 
e lim in a te d  on  so lid ifica tio n  o f th e  m e ta l, a lth o u g h  
M r. L o n g d en  d id  n o t  q u ite  c le a rly  e x p la in  w h a t 
was th e  e x a c t a c tio n  of th e  ch ill in  e lim in a tin g  th e  
d issolved gas O ne fo u n d  c av itie s  d u e  to  g a s a t  
p laces w here  i t  was le a s t e x p ec ted  t h a t  th e y  would 
occur. O ne w ould p ro d u ce  so lid  c h u n k s  in  a 
c a s tin g  w hich w ere  p e rfe c tly  well fed , w hile a l i t t le  
f u r th e r  aw ay , a t  th e  ju n c t io n  o f a few  cores, a 
p u ll would be ex h ib ited . H e  th o u g h t  th e y  w ould 
m ak e  f u r th e r  p ro g ress  in  fo u n d ry  w ork  i f  th e y  
could  a ll a p p re c ia te  th e  f a c t  t h a t  th e  l ib e ra t io n  
o f dissolved gases w as f re q u e n tly  th e  cau se  o f 
c a v itie s  in  cases w hich  to  th e  eye a p p e a re d  to  be 
c a v itie s  d u e  to  p u re  liq u id  sh r in k a g e .

M r. F . C E d w a r d s  th o u g h t th e  m a in  use  o f 
d en sen ers  was to  b r in g  a b o u t a  u n ifo rm  cooling  
r a te  th ro u g h o u t  th e  whole o f th e  c a s tin g . I f  th e y  
could g e t  a c a s tin g  to  cool s im u lta n eo u s ly  h e  
believed  th e y  would h a v e  a p e rfe c tly  so u n d  c a s tin g . 
The tro u b le  was t h a t  in  m an y  cases th e y  d id  n o t 
receive  a n  even ly  desig n ed  c a s tin g . As a co nse
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quence , th e y  h a d  u n evenness o f coo ling . H e  d id  
n o t suppose  th e y  would ev er overcom e th e  effect of 
te m p e ra tu re  on  iro n . W h a te v e r  com position  th ey  
used , un less th e y  a tte n d e d  to  th e  cooling  fa c to r  
th e y  w ould a lw ays be in  tro u b le . H e  asked  if  M r. 
L o ngden  h a d  h a d  a n y  ex p erien ce  o f d en seners w hen 
th e y  covered  th e  whole o f  th e  boss.

S p e a k in g  a g a in ,  M e .  M a k e s  sa id  th ey  wea-e 
in c lin ed  to  c o n sid e r den sen ers  from  th e  fo u n d ry  
p o in t of view . P e rh a p s , in  h is  rep ly , M r. L ongden  
would say  so m eth in g  a b o u t th e  e n g in e e r’s p o in t  of 
view— th e  life  o f  th e  c a s t in g  in  re la tio n  to  
den sen ers. H is  ow n view  w as t h a t  th e y  w ere a 
device on  th e  fo u n d ry m a n ’s p a r t  to  overcom e h is 
im m e d ia te  tro u b les, b u t  h e  was n o t  s u re  t h a t ,  
from  th e  s ta n d p o in t  of th e  e n g in eer, denseners 
w ere a n  u n m ix ed  blessing. H e  knew  t h a t  th ey  
w ere n o t  a n  u n m ix ed  b lessing  in  a c tn a l fo u n d ry  
p ro d u c tio n .

Vote of Thanks.
P ro p o s in g  a  v o te  o f  th a n k s  to  M r. L ongden , 

M b . A. P a r s o n s  sa id  w ith  re g a rd  to  th e  v a rio u s  
po rous p laces show n on th e  screen  an d  described  
by M r. L on g d en  i t  becam e v e ry  obvious to  all 
fo u n d ry m en  t h a t  to  e lim in a te  th e  p o ro sity  t h a t  
was m e t w ith  in  th e  v a rio u s  sec tions opened u p  a 
w ide field fo r  th e  a p p lic a tio n  of den sen ers . T h e  
ex p erien ce  h e  h a d  him self h a d  w ith  d en seners o u t
sid e  a c tu a l ch illin g  h a d  been  th e  a p p lic a tio n  of 
such d en sen ers  to  th e  b o tto m  neck  o f a la rg e  
ch illed  ro ll. S in ce  th e  coal s tr ik e  th e  m a te r ia l  t h a t  
h a d  been on th e  m a rk e t  fo r th e  m a n u fa c tu re  of 
ch illed  ro lls  h a d  been ve ry  m uch  below th e  
q u a lity  t h a t  th ey  w ere ab le  to  g e t p r io r  to  th e  
s tr ik e .

M e. D. W il k in s o n , in  seconding  th e  m otion , 
expressed  th e  o p in io n  t h a t  c av itie s  in  m oulds 
re su lte d  fro m  v a rio u s  causes. I n  ex p la in in g  one 
o f h is  slides M r. L ongden  sa id  t h a t  i t  ap p eared  
to  p ro v e  t h a t  th e  g a s  h a d  flowed down th e  r ise r  
a n d  u p  in to  th e  m ould . P e rso n a lly , h e  cou ld  .n o t 
see w hy a gas su p e rh e a te d  to  a b o u t 1,200 deg. C. 
should  flow dow nw ards at_ a ll a n d  p u sh  m olten  
m e ta l on  o n e  side. T h a t  seem ed to  p rove  t h a t  th e  
difficulty  was n o t du e  to  occluded gases o r  tra p p e d  
gases, b u t was e n tire ly  d u e  to  liq u id  co n tra c tio n . 
G a n is te r ,  ram m ed  solidly, con d u cted  h e a t  m ore
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efficiently  th a n  sa n d , so t h a t  a g a n is te r  o r  p lu m 
bago  m ould  would a c t  in  a  m in o r d eg ree  a» 
d en sen ers . H e  h a d  h e ld  th e  view  fo r  a  long  tim e  
t h a t  t r a p p e d  a i r  a n d  a ir  c a r r ie d  in to  th e  m ould 
by th e  ru sh  o f t h e  m e ta l a n d  a i r  g e n e ra te d  in  th e  
m ou ld  by  th e  a c tio n  o f th e  h e a t  o n  th e  m o is tu re  
c o n ta in e d  in  i t  h a d  a  g r e a t  a n d  p e r s is te n t  effect 
in  p ro d u c in g  cav itie s . C a v itie s  re s u l te d  fro m  
tra p p e d  a ir ,  g ases g iv en  off by  th e  m ould , occ lu d ed  
gases in  th e  m e ta l a n d  also liq u id  sh r in k a g e . H e  
d id  n o t  th in k  i t  cou ld  be  sa id  in  th e  p re s e n t  s t a te  
of know ledge t h a t  a n y  o ne  cau se  was solely, or 
even a lm o s t e n tire ly ,  re sp o n sib le  fo r th e  d e fec ts . 
D ensen ers  o r  chills c e r ta in ly  h a d  been  v e ry  effec
tiv e  o n  a n u m b er o f occasions. P e rso n a lly , he h a d  
fo u n d  t h a t  t ro u b le  som etim es o c cu rre d  w ith  a 
d en sener p u t  on th e  to p  o f t h e  m ou ld  fro m  a  v ery  
sim ple  cau se . G as g iv en  off by  th e  o th e r  p a r ts  of 
th e  m ould , o r th e  gas c a r r ie d  in  a s tre a m  o f m e ta l 
g o in g  in to  th e  m ou ld , o r  even  o cc luded  gases, h a d  
been  t ra p p e d  u n d e r  th e  to p  o f th e  ch ill. F o r  a 
lo n g  tim e , th e re fo re , he  h a d  been  r a th e r  av erse  to  
p u t t in g  ch ills o r  d en sen ers  o n  th e  to p  of th e  m ould . 
B u t  h e  n o te d  t h a t  M r. L o n g d en  c a re fu lly  s ta te d  
t h a t  a t  le a s t  one in ch  o f th e  c a s tin g  bey o n d  th e  
d en sen er sh o u ld  be le f t  free . P o ssib ly  t h a t  w ould 
be th e  c u re  fo r th e  tro u b le  he  h a d  fo u n d  in  s im ila r  
cases, because  iu  p u t t in g  th e  d e n se n e r  on  th e  to p  
of th e  boss he  h a d  g o n e  to  th e  tro u b le  o f  co v erin g  
th e  boss e n tire ly . I t  w as c e r ta in  t h a t  th e y  cou ld  
n o t  h a v e  too m uch  ex p erien ce  of th ese  e x p e rim e n ts . 
T hey  could  n o t  m ak e  top  m an y  e x p e rim e n ts , n o r 
could  th e y  be to o  c a re fu l in  a p p ly in g  th e  k n ow ledge  
th e y  o b ta in e d  if  th e y  w ere  to  o b ta in  so u n d  c a s t
ings. T he av e ra g e  e n g in e e r m ad e  no a llow ance  
w h a tev e r fo r a d e fec tiv e  c a s tin g . I f  i t  w as n o t  
so u n d  h e  sa id , w ith  p a r ro t- l ik e  r e i te r a t io n ,  
“  S c ra p .”  A lto g e th e r  a p a r t  fro m  th a t ,  i t  w as 
th e i r  d u ty  as fo u n d ry m en  to  do all th e y  cou ld  to  
p ro d u ce  sound  cas tin g s .

T he  P r esid en t  su p p o rte d  th e  v o te  of th a n k s , 
w hich w as h e a r t i ly  acco rded  by th e  m ee tin g .

The Author’s Reply.
R ep ly ing  upon th e  d iscussion, M e. L ongden said  

he found th a t  th ere  was a ch illing  effect from  th e  
use o f denseners even if  they  were ju s t below red
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h e a t . A d en sen er n o t  only fo rm ed  a  sk in  which 
p ro jec te d  th e  c ry s ta ls  fo rw ard , th e re b y  e x e r tin g  
p re ssu re , b u t  i t  red u ced  th e  p e rio d  of tim e
in  w hich g ases cou ld  escape in  th e  m eta l. A
n u m b er of d en sen ers  used  on th e  ex p erim e n ta l 
blocks d id , m ore  o r  less, exclude th e  m ould-gases 
from  e n te r in g  th e  m eta l. As to  th e  re fe ren ce  to  
p lum b ag o  a n d  g a n is te r  m oulds a c t in g  a s  a 
d en sen er, h e  d id  n o t  q u ite  ag ree  t h a t  t h a t  was 
th e  re a l a c tio n  w hich p ro d u ced  so lid ity . H e  
s ta te d  th a t  th e  c a s tin g s  m ade  in  p lum bago  m oulds 
w ere a  l i t t le  d en se r th a n  those  c a s t  in  g reen  sand, 
b u t t h a t  th e re  was l i t t le  to  choose betw een  th e  tw o. 
H e  d id  n o t  c la im  t h a t  c av itie s  were fo rm ed  by 
occluded gases. C av ities  would n o t fo rm  unless 
th e re  w ere m ouldrgases. Gases w ere certa in ly  
g e n e ra te d  in  a d ry -san d  m ould. H e  th o u g h t fa r
too  m uch  blam e in  th e  p a s t  h ad  been m eted  o u t
to  th e  m e ta llu rg is t ,  an d  t h a t  fo u n d ry m en  m ust 
t a k e  th e i r  sh a re  a n d  c a r ry  o u t  sy s tem atic  ex p eri
m en ts . H e  w as firm ly convinced  t h a t  th e  tro u b le  
a rose  fro m  th e  in te ra c t io n  ta k in g  p lace  betw een 
th e  m ould-gases an d  oecluded-gases. I f  in  a  m ould 
w ith  a  n u m b er o f cores th e y  r a n  i t  by d rop  
ru n n e rs , especially  if  th e  m eta l w as a l i t t le  du ll, 
th e y  in ev ita b ly  h a d  gas holes a n d  d ir ty  places. 
T he c rac k in g  o f d en sen ers  dep en d ed  upon  th e  
sec tion . H e  su g g ested  t h a t  th e y  would c e r ta in ly  
h av e  c ra c k in g  if th ey  a tte m p te d  to  p u t  a  com 
p a ra tiv e ly  th ic k  d en sen er in to  a th in ,  w edgelike 
p lace . H e  d id  n o t  ag ree  t h a t  th e  phosph ide  
e u te c tic  cau sed  th e  c rac k in g  tro u b le , b u t  im ag ined  
th a t  i t  w as th e  c o n tra c tio n  of th e  c a s tin g  being  
re s is ted  by  th e  iro n  core o r  chill. H e  d id  n o t 
m ak e  a n y  s ta te m e n t to  th e  effect t h a t  in  w hite-iron  
un so u n d n ess w as cau sed  o n ly  bv gases. H e  was 
conv inced  t h a t  gases w ere in  p a r t  th e  cause, b u t  
th e re  was c e r ta in ly  heavy  liq u id  c o n tra c tio n . In  
th e  case o f  g re y  iro n  th e y  h a d  th e  co m p ensa ting  
effect of g ra p h it is a tio n . H e  h ad  tr ie d  denseners 
ov er th e  whole o f th e  boss, b u t  he could n o t  say  
th a t  he  h ad  exp erien ced  q u ite  th e  sam e tro u b le  as 
M r. W ilk inson  in d ic a te d . As to  th e  m ac h in ab ility  
of th e  ch illed  cas tin g s, when b roken  th e  sections 
proved  t h a t  th e y  w ere q u ite  m ach inab le. To c a s t 
h o t was th e  w isest course  in a ll fe rro u s  m eta ls , and  
especially  m alleab le  iro n . So f a r  as th e  use  o f
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d en sen ers  in  m alleab le  iro n  w as co n cerned , he  d id  
n o t c la im  a g r e a t  deal o f ben efit from  th em , ex cep t 
t h a t  in  spec ia l cases i t  h u r r ie d  th e  r a te  o f coo ling  
in  th e  heav y  low er sec tio n , free z in g  i t  be fo re  th e  
u p p e r, a n d  p ro b ab ly  th in n e r ,  sec tions, a n d  a “ ^ w" 
ing  th e  feed  to  go th ro u g h  t h a t  th in  se c tio n , w hich 
was l a te r  fed  b y  th e  h e a d  m eta l. O ne v e ry  
im p o r ta n t  fa c to r  in  th e  use  of chills w as t h a t  
e v e n tu a lly  i t  w as possib le  c o n sid e rab ly  to  red u ce  
th e  m elted  m eta l. I n  th e  case o f c o m p a ra tiv e ly  
sm all c a s tin g s  th e y  h a d  p e rh a p s  h a lf  a cw t. of 
h ead  m e ta l, a n d  w hen th e y  co m p ared  th e  d iffe r
ence b e tw een  t h a t  as r e tu r n e d  sc rap  a n d  th e  p ig - 
iro n  p u t  in to  i t  i t  m ig h t a m o u n t to  8d. o r  9d . on  a 
sm all job . T he sa v in g  w ould be v ery  co n sid erab le  
if i t  w ere sy s te m a tica lly  a r ra n g e d  a b o u t th e  
fo u n d ry . H e  d id  n o t  possess an y  d a ta  w h a tev e r 
as to  th e  le n g th  of life  o f c a s tin g s  w hich  h a d  been  
chilled , h u t  i t  was c e r ta in  t h a t  th e  u se  o f a  ch ill 
p ro lo n g ed  th e  l ife  o r  in c re a se d  th e  w earin g  
p o ss ib ilities  of th e  m a te r ia l.
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Sheffield Branch.

THE INFLUENCE OF CASTING TEMPERATURE OF 
ALUMINIUM ALLOYS.

By F. H. Hurrcn, A.I.C. Member.
A lth o u g h  th e  fo u n d in g  of a lu m in iu m  is in its  

e a r ly  in fan cy , a s  com pared  w ith  t h a t  of iro n , th is  
b ra n c h  o f th e  fo u n d ry  t r a d e  occupies a  very  im 
p o r ta n t  p o sitio n , an d  is now a n  in d u s try  of con
s id e rab le  d im ensions. T h e  au to m o b ile  a n d  a e ro 
p lan e  t r a d e  is la rg e ly  responsib le  fo r th e  g re a t 
s tr id e s  m ad e  in  th e  use  o f a lu m in iu m  cas tin g s, 
a n d  m any  im p o r ta n t  in v es tig a tio n s  h av e  been 
u n d e r ta k e n  a n d  m uch  u sefu l in fo rm a tio n  o b ta in ed . 
To a  la rg e  e x te n t  fo u n d ry m en  a re  in d eb ted  to  th e  
L ig h t Alloys R esearch  C o m m ittee  fo r th e i r  sc ien 
tific  know ledge o f a lu m in iu m  a llo y s; b u t  a t  th e  
sam e tim e , u se fu l w ork  h as been  c a r r ie d  o u t  by 
p r iv a te  in d iv id u a ls , a n d  pub lish ed  in  th e  techn ica l 
jo u rn a ls .

I n  th e  fo u n d ry  of th e  R o v er C om pany th e  p re 
se n t av e ra g e  o u tp u t  o f a lu m in iu m  cas tin g s  is ju s t  
o ver 400 to n s  p e r  a n n u m , an d  th is  re p re se n ts  a 
ve ry  consid erab le  n u m b er o f in d iv id u a l a rtic le s . 
As d iffe re n t c a s tin g s  have  to  com ply w ith  d iffe ren t 
te s ts , som e to  a  ten s ile  te s t,  som e to  a w a ter- 
p re ssu re  te s t,  som e to  an  o il-p ressu re  te s t ,  some 
to  w ith s ta n d  v ib ra tio n , an d  some to  hold th e ir  
s tre n g th  a t  h ig h  te m p e ra tu re , i t  w ill be obvious 
t h a t  a  m easu re  o f  sc ien tific  co n tro l is e ssen tia l. 
A nalyses a re  re g u la r ly  u n d e r ta k e n , b u t  th is  does 
n o t go  sufficiently  fa r .

F o r  som e y e a rs  now th e  a u th o r  h as been 
in te re s te d  in  c a s tin g  te m p e ra tu re , which he  con
sid e rs  to  be  o f v ita l  im p o rta n ce  in  th e  successful 
p ro d u c tio n  o f a lu m in iu m  cas tin g s. A ny  av erag e  
a lu m in iu m  fo u n d ry  w orker knows t h a t  a ca s tin g  
w hich has been p o u red  ve ry  h o t h as a  yellow, or
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l ig h t  b row n, sk in , in s te a d  o f p u re  w h ite . T h is  is 
on ly  an  em p irica l te s t ,  an d  is be in g  wise afte<r th e  
ev en t. I t  is im possib le  to  e n u n c ia te  a  h a rd -a n d -  
f a s t  ru le  t h a t  all o a s tin g s  m u s t be p o u re d  w ith in  
a  specific  ra n g e  of te m p e ra tu re ,  a s  th e  m ass, th ic k 
ness, ty p e  o f a lloy , a n d  p u rp o se  to  w hich  th e  c a s t
in g  is to  be p u t  a ll d e m a n d  c o n s id e ra tio n .

T h e  a u th o r  in s is ts  t h a t  fo r  a n y  one c a s tin g  th e re  
is a  s h o r t  r a n g e  o f te m p e ra tu re  a t  w hich  th e  m eta l 
sh o u ld  be  p o u re d , t o  o b ta in  th e  b e s t r e s u l ts ;  a n d  
th is  te m p e ra tu r e  r a n g e  c an  o n ly  be  d isco v ered  by 
d e fin ite  e x p e r im e n t in  a c tu a l  p ra c tic e . O ne im 
p o r ta n t  p o in t  to  h e a r  in  m in d  is t h a t  th e  com posi
t io n  o f th e  a lloy  is  also  a  d e te rm in in g  fa c to r  in  
th e  c o n s id e ra tio n  o f c a s tin g  te m p e ra tu r e .  I t  does 
n o t  n ecessa rily  follow  t h a t  a  c a s tin g  w hich  g ives 
good  re su lts  w hen c a s t  a t  a  c e r ta in  te m p e ra tu r e  
in  L 5 a lloy  w ill g iv e  e q u a lly  as good r e s u l ts  a t  
th is  t e m p e ra tu r e  w hen a  r a d ic a l  a l te ra t io n  is m ade  
in  th e  co m p o sitio n  o f th e  a lloy . C h a n g e  begets 
ch an g e , a n d  ev en  a  c o m p a ra tiv e ly  sm all c h an g e  in  
th e  m ak e -u p  o f th e  m e ta l  c h a rg e  w ill n e c e ss ita te  
a  c e r ta in  a m o u n t o f e x p e r im e n ta l  w ork  to  d e te r 
m in e  th e  m o st s u ita b le  c a s tin g  te m p e ra tu r e  fo r 
each  job . O nce a  good c a s tin g  h a s  been p ro d u c ed , 
i t  is  ad v isab le  to  ta k e  n o te  o f  a l l  th e  v a r ia b le s  
w hich  o c cu r  in  p ro d u c tio n , a n d  e n d e a v o u r  to  
s ta n d a rd ise . Good re su lts  c an  be o b ta in e d , a n d  
h a v e  been  o b ta in e d , by  r u le  o f th u m b  m eth o d s, 
b u t  th e r e  is » far m ore  c e r ta in ty  w ith  som e k in d  of 
sc ien tific  co n tro l, y e t  sc ien tif ic  k n o w ledge  m u s t  be 
com bined  w ith  a  know ledge of fo u n d ry  p ra c tic e , 
a n d  also a  s tu d y  of h u m a n  n a tu re .

Pouring Temperature the Governing Factor.
I n  a  P a p e r  w hich th e  a u th o r  re a d  in  B irm in g 

h a m  in  M a rch , 1917, h e  s ta te d  t h a t ,  “ b y  a t t e n 
t io n  to  c a s tin g  te m p e ra tu re ,  i t  does n o t  m a t te r  
w h a t  te m p e ra tu re  th e  m eta l h a s  a t ta in e d ,  n o r  how  
long  i t  h a s  re m a in e d  in  t h e  fu rn a c e , re s u l ts  m ay  
be o b ta in e d  e q u a llin g  th o se  fro m  m e ta l w hich  h a s  
b een  m e lted  w ith  ev ery  c a re .”

T h is  view  w as a lso ta k e n  by R o se n h a in  a n d  
G ro g an  in  a  P a p e r  re a d  b e fo re  th e  I n s t i tu t e  o f 
M e ta ls , . a n d  p u b lish ed  in  th e i r  “ J o u r n a l , ”  1922, 
Vol. 2, a lth o u g h  th e i r  e x p e r im e n ts  w ere  c o n d u c ted  
on  com m erc ia lly  p u re  a lu m in iu m  o n ly . I n  th e
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lig h t o f know ledge ga ined  since 1917, and more 
especially during th e  la st tw elve m onths, the  
author is  com pelled som ewhat to m odify h is views, 
w hich will- h e  ou tlin ed  later.

In  determ in ing  th e  effect o f  casting  tem pera
ture, one has also to  consider m any other factors  
which have, or  m ay have, an im portant bearing  
on th e  results. F or instance, there is  the ques
tion  o f th e  m axim um  tem perature th e  m etal has 
atta in ed  in  th e  furnace, and th e  len gth  of tim e  
th e  m olten m etal has rem ained in  th e  furnace 
before pouring. I t  is n o t always possible to  use 
m etal th e  m om ent i t  is  m elted, desirable as such  
a course m ay be, as delays in m oulding may occur.

Effect of Ageing.
Then there is the effect of ageing, a subject on 

which a  considerable am ount o f research has been 
carried o u t  o f  la te . This is  a  very im portant 
factor in  production, as alum inium  castings may 
n o t com e in to  use as a finished artic le  for  some 
m onths a fter  they  have been produced. This par
ticu larly  applies in  the m otor trade, where i t  is 
estim ated  a  period o f a t  least four m onths elapses 
between th e  actual ca stin g  o f the article  and its  
debut o n  th e  road as part o f  a  finished car.

Effect of Internal Strain.
There is  also th e  effect of in ternal stra in , and 

th is  is one on  which no m easurable data  are ob
ta inable . C astings have been produced and care
fu lly  exam ined by tw o independent parties, placed  
in  th e  stores w ithou t an y  rough handling, and  
found to  have developed cracks some weeks la ter , 
ow ing apparently  to  in tern al stresses.

Experimental Conditions.
In  th e  figures to  be subm itted  th e  m axim um  

tem perature th e  m etal has a tta ined  in  th e  furnace  
is  g iven , and, unless expressly sta ted  to  th e  con
trary , th e  tests  have been made on m etal which 
h a s rem ained in  th e  furnace not more than  20 
m inutes a fter  actual m elting. L ater on, i t  is 
proposed to  g iv e  som e results obtained after  age
ing. A ll te s t  bars have been either sand-cast or 
ch ill-east, as stated , in  parallel bars f- in . d ia. in  
th e  rough, and for ten sile  te st  turned down to
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0.564 in . fa r  2 in . o f p a ra lle l .  All b a rs  h av e  been  
p ro d u ced  u n d e r  a c tu a l  w o rk in g  c o n d itio n s , th e  
m e ta l b e in g  m elted  in  th e  o rd in a ry  co u rse  of 
fo u n d ry  p ra c tic e , a n d  th e  te m p e ra tu re s  ta k e n  
w ith  a  F o s te r  b ase -m eta l couple  im m ersed  in  th e  
m eta l. T h is  ty p e  o f p y ro m e te r  is in  c o n s ta n t  u se  
in  th e  R o v e r C o m p an y ’s a lu m in iu m  fo u n d ry , a n d  
th e  accu racy  of th e  re a d in g s  is checked p e rio d ica lly  
in  th e  la b o ra to ry .

I t  is  n o t c la im ed  t h a t  th e  r e s u l ts  g iv en  in  th is  
p a p e r  re p re s e n t  re se a rc h  o f a  h ig h  d eg ree  of 
sc ien tific  accu racy , b u t  i t  is  co n sid e red  t h a t  th e y  
g iv e  som e in d ic a tio n  of w h a t  m ig h t  b e  e x p ec ted  
in  th e  com m erc ial p ro d u c tio n  of a lu m in iu m  c a s t 
ings, w hen  fo u n d ry  ¡p ractice  is  a llied  w ith  science. 
A t t h e  sam e tim e , i t  m u s t  be  c le a r ly  u n d e rs to o d  
t h a t  tro u b le s  in  th e  fo u n d ry  w ill s t i l l  p e rs is t ,  
un less good m e ltin g  p ra c t ic e  is  coupled  w ith  good 
m o u ld in g  p ra c tic e . F irs t-c la s s  m e ta l p o u re d  in to  
a th ird -c la ss  m ould  w ill o n ly  r e s u l t  in a  second- 
c lass c a s t in g ;  j u s t  th e  sam e as a  good m ould  w ill 
be  spoiled  b y  d is re g a rd in g  p o u r in g  te m p e ra tu re ,  
o r  p o u rin g  w ith  b ad ly -m elted  m e ta l.

Defects Encountered.
The m ost com m on tro u b le s  from  w hich 

a lu m in iu m  c a s tin g s  suffer a re  c rac k ed  a n d  d ra w n  
p laces, p o ro s ity , fine p in h o le s v is ib le  on  m ach in ed  
su rfaces , spong iness, a n d  blow holes. W ith  th e  
e x cep tio n  o f th e  la s t, th ese  d ifficu lties can  be 
rem ed ied  by a t te n t io n  to  m e ltin g  p ra c t ic e ,  a n d  
p a y in g  due r e g a rd  to  th e  im p o r ta n c e  o f  c a s tin g  
te m p e ra tu re .  B low holes a re  g e n e ra lly  d u e  to  
fa u lty  m o u ld in g  p ra c tic e , b u t  m ay  b e  a t t r ib u ta b le  
to  excessive o x id a tio n  d u r in g  m e ltin g .

Tests on L8 Metals.
Table I  o u tlin e s  te n s ile  te s ts  ta k e n  o n  w h a t  is 

u su a lly  know n as L 8 m e ta l, a n  alloy  o f a lu m in iu m  
a n d  copper, m o re  o f te n  used  fo r  d ie -c a s tin g  th a n  
fo r  sa n d  cas tin g s. T h ese  b a rs  w ere  sa n d -ca s t, a n d  
i t  w ill b e  n o tic e d  t h a t  th e  b a r  c a s t  a t  th e  i n te r 
m ed ia te  te m p e ra tu re ,  700 deg . C ., g iv es th e  b e s t 
re su lts , a lth o u g h  b o th  th is  a n d  th e  b a r  c a s t  a t  600 
deg. C. show a  h ig h e r  te n s ile  th a n  t h a t  o b ta in e d  
a t  800 deg. C. All th e  re su lts  g iv en  in  .this P a p e r  
a re  th e  a v e ra g e  of d u p lic a te  te s ts . I t  w ill be  
n o ticed  also t h a t  th e  m e ta l  a t ta in e d  r a th e r  a  h igh  
te m p e ra tu re  in  th e  ‘V rn a ce  b e fo re  w ith d raw a l.
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T h is m eta l w as m elted  in  a  sm all c rucib le  fu rn a c e , 
a n d  should  h a v e  been  w ith d raw n  a t  a b o u t 800 
deg. C ., b u t th e  o p e ra to r ’s a tte n tio n  was d iv e r te d

T a b l e  I .—Influence o f Casting T  emperature on Sand- 
cast L8 A lloy  (aluminium, 87.90 ; copper, 11.14 ; 
zinc, trace).

C asting tem perature Max. stress.
No. in  degs. Cent. Tons per sq. in.
10 ... 800 ... 7.28
11 ... 700 ... 8.24
12 ... 600 ... 8.00

M aximum tem perature in furnace, 960 deg. C.

fo r som e few  m in u te s , a n d  d u r in g  t h a t  t im e  the  
te m p e ra tu re  of th e  m e ta l h a d  in c reased  to  
960 deg. C.

T able  I I  g ives . ten s ile  te s ts  on  ch ill c a s t b a rs  
from  th e  sam e m a te ria l.  I t  w ill be  observed  th a t  
th e  h ig h e r b re a k in g  s tre ss  is o b ta in e d  in  th e  b a rs  
c a s t a t  th e  low er te m p e ra tu re ,  an d  also t h a t  these  
b a rs  show a sm all am o u n t o f e lo n g a tio n . I n  these

T a b l e  1 Influence of Casting Temperature on Chill- 
cast L8 Alloy.

Casting Max. stress, 
tem perature. Tons. Elongation,

No. in  degs. Cent, per sq. in. per c en t. '
13 ... 750 ... 7.68 ... —
14 ... 650 ... 8.20 ... 1.0

M aximum tem perature in furnace, 960 deg. C.

b ars, a n d  in  th o se  in  th e  p rev io u s ta b le , no  yield  
p o in t w as v isib le . T h e  y ie ld  p o in t,  in  a ll th ese  
re su lts , is ta k e n  as th e  s tre s s  a t  w hich  an  e x te n 
sion of th e  g a u g e  p o in ts  com m ences.

T able I I I  g ives th e  re su lts  o f som e e a r ly  e x p e ri
m en ts  on  th e  now w ell-know n “ Y ”  alloy. This
is a n  alloy of a lu m in iu m , copper, n ickel, and

T ab le  I I I .— Influence of Casting Temperature on 
Sand-cast “ Y  "  A lloy  (Al, 92.15; Cu, 3.44; N i, 
2.59; Mg, 1.37; and Fe, 0.45 per cent.).

Casting Max. stress, 
tem perature. Tons. Elongation,

No. in  degs. Cent, per sq. in. per cent.
15 ... 800 ... 10.96 ... 0.5
16 ... 700 ... 10.76 ... 1.0
17 ... 625 ... 9.80 ... —

M aximum tem perature in furnace, 910 deg. C.
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m ag n esiu m . T he b a rs  w ere  sa n d  c a s t, te s te d  in 
th e  “ as c a s t  ”  co n d itio n , w ith in  24 h o u rs  o f c a s t 
ing , and: nob su b je c te d  to  h e a t  t r e a tm e n t .  T hese 
re su lts  a re  u n iq u e , b e in g  th e  on ly  sam ples h a n d le d , 
in  th e  co urse  o f se v e ra l h u n d re d s  o f te s ts , w hich 
g iv e  a  d e c re a s in g  te n s ile  t e s t  w ith  re d u c tio n  o f 
c a s tin g  te m p e ra tu re .  N o y ie ld  p o in t  w as v isib le . 
The b a rs  c a s t a t  800 deg. O. show re su lts  su p e r io r  
to  th o se  o n  th e  b a rs  c a s t  a t  700 deg. C ., an d  
th o se  c a s t  a t  625 deg. C . g iv e  th e  p o o re s t re su lts . 
In  co n n ec tio n  w ith  “  Y ”  alloy, th e r e  is  d is t in c t  
d ifficu lty  in  c a s tin g  a t  c o m p a ra tiv e ly  low te m p e ra 
tu re s . T h is  d ifficu lty  is reco g n ised  by R o se n b a in , 
who, in  a  p a p e r  p re se n te d  to  th e  I n s t i tu t e  of 
M e ta ls  (Vol. 1, 1923), recom m ends a  c a s tin g  te m 
p e r a tu r e  of 750 deg. C ., a n d  also t h a t  th e  m e ta l 
in  th e  fu rn a c e  sh o u ld  n o t  be  allow ed to  exceed  
800 deg. C. A t o r a b o u t 625 deg. C . “  Y  ”  alloy  
becom es p a s ty , a n d  th e n  se ts  v e ry  ra p id ly .

D u p lic a te  se ts  o f  th e s e  b a rs  w ere  h e a t - tr e a te d  
in  an  e le c tr ic  fu rn a c e  fo r  six  h o u rs  a t  520 deg. C. 
a n d  quen ch ed  in  b o ilin g  w a te r . T h ey  w ere  th e n  
allow ed to  ag e  fo r  8 d ay s  a t  room  te m p e ra tu r e  
b e fo re  te s tin g , a n d  th e  te n s ile  re su l ts  a r e  g iv en  
in  T ab le  IV . T h ese  fig u res show  a  re v e rsa l of 
o rd e r  to  th o se  in  T ab le  I I I ; th e  b re a k in g  s tre s s  
now in c reases  w ith  d ecrease  o f c a s tin g  te m p e ra 
tu re .  I t  w ill be n o ticed  t h a t  th e  in c re ase  is  th e  
sam e  in  each  case, th e  b a r  c a s t  a t  700 deg. C. 
g iv es a  b re a k in g  s tre ss  e x ac tly  th e  m ea n  o f th e  
o th e r  tw o re su lts . O nly one b a r  show s a n y  ev i
d ence  o f e lo n g a tio n . F ro m  a  com m erc ia l p o in t  o f 
v iew , th e  te n s ile  re su l ts  a re  v e ry  low, b u t  i t  is 
r e g re t ta b le  to  s t a te  t h a t  in  th e  co u rse  o f n u m ero u s  
e x p erim en ts , on  “ Y ” alloy th e  a u th o r  h a s  nev er

T a b le  I V .— I n f lu en ce  o f  Casting Temperature on Heat- 
* j  ’ ’ “  Y  ”  A l l o y  Bars.

dax. stress.
Tons. E longation, 

per sq. in. per cent.
6.56 ... —
7.40 ... _
8.24 ... 0.5

Maximum tem perature in furnace, 910 deg. C.

Casting
tem perature

No. in degs. Cent
15T. 800
16T. 700
17T. 625

a tta in e d  a n y th in g  like  th e  re m a rk a b ly  h ig h  fig u res 
pu b lish ed  by th e  L ig h t  A lloys R esearch  C o m m ittee .



T able V gives re su lts  on th e  sam e m ix tu re  b u t  
c a s t  in  ch ills . T hese follow  w h a t m ay  be called  
c o n s t itu t io n a l  p ra c tic e , th e  b a r  c a s t a t  th e  lower

T able V .—Influence of Casting Temperaturę on Chill- 
cast “ T ” A lloy B ars .

Casting Max. stress, 
tem perature. Tons. Elongation, 

No. in  degs. Cent, per sq. in. per cent.
18 ... 750 ... 12.20 ... 0.5
19 ... 650 ... 14.20 ... 1.0

M aximum tem perature in furnace, 910 deg. C.

te m p e ra tu re  g iv in g  th e  b e s t re su lts . D u p lica tes  
of these  b a rs  w ere h e a t- tre a te d ,  b u t u n fo r tu n a te ly  
were bad ly  d is to r te d  an d  useless fo r  p u rposes of 
ten s ile  te s t .

Effect of Soaking Aluminium Alloy.
T h e  re su lts  of a  doub le  e x p e r im e n t a re  g iven  in 

Table V I. A  b a tc h  of m eta l w as c a re fu lly  m elted , 
an d  a ipot w ith d raw n  from  th e  fu rn a c e  w hen i t  
had  reached  a  te m p e ra tu re  o f  770 deg. C. T he 
m eta l was allow ed to cool n a tu ra lly , a n d  te s t  b a rs

LE V I — Influence o f Soa7cinq on the Tensile
Properties of A lum inium  Alloy Bars.

Casting Y .P . M.S.

No.
Temp, in tons per tons per E.
deg. C. sq. in. sq. in. per cent.

20 710 .. 8.60 .. 9.40 ... 2.0
23 710 .. 6.80 .. 8.08 ... 2.5
21 640 .. 8.80 .. 9.64 ... 1.5
24 640 .. 7.40 .. 10.24 ... 3.5
22 670 .. 8.36 .. 10.36 ... 2.5
25 670 .. 7.48 .. 8.96 ... 2.0

Analyses.
Before soaking. A fter soaking.

Alum inium    85.56 ... 86.71
Copper ...................  3.29 ... 3.75
Zinc .........................  12.18 ... 8.92
Iron  ......................... 0.73 ... 0.42

cas t in  sa n d  a t  710 deg. C. an d  640 deg. C., a n d  
in  ch ills  a t  670 deg. C. T hese a re  th e  b a rs  n u m 
bered  20, 21, a n d  22 re sp ec tiv e ly . T he p o t was 
th e n  rep laced  in  th e  fu rn ac e , coked up , and  th e  
m e ta l le f t  to  soak fo r 1^ h o u rs. D u rin g  t h a t  tim e  
th e  m ax im u m  te m p e ra tu re  reach ed  by th e  m eta l 
was 1,110 deg. C . T he p o t was th e n  d raw n ,
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allow ed to  cool, a n d  t e s t  b a rs  c a s t  a t  th e  sam e  
te m p e ra tu re s  as b e fo re , n am ely , in  san d  a t  
710 d eg . C. an d  640 deg . C .r a n d  in  ch ills  a t  
670 deg. C. T h e  b a rs  a re  th o se  n u m b ere d  23, 24, 
a n d  25 re sp ec tiv e ly . L o o k in g  f irs t a t  th e  r e s u l ts  
o n  th e  sa n d -ca s t b a rs , o ne  co u ld  n o t  say  d e fin ite ly  
t h a t  an y  h a rm  w as a p p a r e n t ;  in  f a c t ,  b a r  N o. 24 
g ives a Tiigher b re a k in g  s tre ss  a n d  e lo n g a tio n  th a n  
b a r  No. 21. W ith  th e  ch ill c a s t  b a rs  th e r e  is  a 
w ider d ifference, an d  th e  re su lts  a re  in  fa v o u r  of 
th e  n o rm ally  m e lted  m a te r ia l .  I t  w ill be  ob 
se rv ed  t h a t  th e  analyses d iffer som ew lrat, th e  
m e ta l w hich  h as been  “ s o a k e d ”  b e in g  low er in  
z inc , n a tu r a l ly  in c re a s in g  th e  a lu m in iu m  a n d  
cop p er c o n te n t.  T h is is o n ly  to  be e x p ec te d , b u t  
o ne  u n ex p ec ted  f e a tu re  w as a re d u c tio n  in  th e  
iro n  c o n te n t.

In  th e  l ig h t of th is , a n d  m an y  o th e r  e x p e r im e n ts  
of a  s im ila r  n a tu re ,  th e  a u th o r  w as  led  to  th e  
belief t h a t  a lu m in iu m  alloys su ffered  no  ill-effeets 
by o v e r-h e a tin g , o r  “ b u r n in g ,”  p ro v id ed  d u e  
a t te n tio n  w as p a id  to  c a s tin g  te m p e ra tu re .

Talble V I I  g iv es ev id en ce  w hich  h a s  cau sed  a 
m odification  of th e se  view s. R e p e a t im p a c t te s ts  
on a n  E d e n -F o s te r  m ach in e  w ere  c a r r ie d  o u t. F o r  
th is  t e s t  th e  b a r  is tu r n e d  dow n to  0.5 in . d ia . ,  
w ith  a g roove  0.05 in . w ide tu r n e d  dow n to  0 .4  in . 
d ia . T h e  b a r  is  p laced  o n  su p p o rts  4^ in . a p a r t ,  
a n d  a  24b  h a m m e r allow ed to  d ro p  fro m  a h e ig h t

T able V I I . — Repeat Im pact Tests on A lum in ium  
A lloy Bars Outlined in Table V I.

C a s t in g  te m p e r a tu r e
No. in deg. Ć. Blows.
20 710 18.976
23 710 10,780
21 640 21,838
24 640 ... D efective bar
22 670 22.458
25 670 19,034

of 1 in . on  to  th e  g rooved  p o r tio n , th e  b a r  b e in g  
tu rn e d  ro u n d  th ro u g h  180 deg. a f te r  e ac h  blow. 
The to ta l  n u m b er of blows re q u ire d  to  f r a c tu r e  
th e  b a r  is  reco rd ed . O f th e  tw o  b a rs  c a s t  a t  
710 deg. C ., t h a t  c a s t  f irs t re q u ire d  18,976 blows 
to  f r a c tu r e ,  w h ereas a f te r  o v e rh e a tin g  on ly  10,780 
blows w ere  re q u ire d . Of th e  b a rs  c a s t  a t  640
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deg. C., t h a t  c a s t  first s tood  21,838 blows, b u t 
no re su lts  cou ld  b e  o b ta in e d  from  th e  b a rs  cas t 
a f te r  o v e rh e a tin g , as no less th a n  th re e  b a rs  w ere 
fo u n d  to  be u n so u n d  on tu rn in g .  Of th e  chill 
c a s t  b a rs , 22,458 blows w ere  re q u ire d  to  f ra c tu re  
th e  no rm ally  m elted  m eta l, a g a in s t  19,034 a f te r  
o v e rh ea tin g . I t  is w o rth y  o f n o te  t h a t  once 
a g a in  th e  b e t te r  re su lts  a re  o b ta in e d  a t  th e  lower 
c a s tin g  te m p e ra tu re ,  as evidenced by th e  f a c t  th a t  
th e  no rm al b a r  c a s t a t  640 deg. C. w ithstood  
n e a rly  3,000 m ore  blow s th a n  th e  b a r  c a s t a t  
710 deg. C.

I t  is a p p a re n t,  from  these  re su lts , t h a t  
a lu m in iu m  alloys do su ffer some ill-effects from  
pro longed  o v e rh ea tin g , a lth o u g h  in th is  case th e  
o v e rh e a tin g  was d e lib e ra te  an d  excessive. S im i
la r  re su lts  h av e  been  o b ta in e d  on  re p e a t  e x p e ri
m en ts  o f th is  n a tu r e ,  a n d , as in  au tom obile  work, 
a lu m in iu m  alloys h a v e  to  w ith s ta n d  severe v ib ra 
tio n , th is  p o in t  is im p o r ta n t.  ' T ensile  te s ts  on 
o v e rh ea te d  o r  “  b u r n t  ” m e ta l show l i t t le  d ep re 
c ia tio n , b u t  re p e a t  im p a c t te s ts  g en era lly  give 
low er re su lts .

More Tests on “ Y ” Alloy.
Som e f u r th e r  e x p e rim e n ts  on “ Y ” alloy w ere 

u n d e rta k e n , a n d  th e  ten s ile  te s t 'f ig u re s  a re  given 
in T ab le  V I I I .  A ll th ese  b a rs  w ere chill c a s t  and  
aged a t  room  te m p e ra tu re  fo r 14 days b e fo re  te s t
ing . I t  w ill be  n o ticed  t h a t  th e  'bars c a s t a t  760 
deg. ’C. a n d  740 deg. C. have  th e  sam e b re ak in g

T able V I I I . — Influence o f Casting Temperature on 
Chill-cast and aged “ Y ” A lloy Bars (Al, 92.02; 
Cu, 3.77; N i, 2.36; Mg, 1.44; and Fe, 0.40 per 
cent.).

Casting Max. stress, 
tem perature. Tons. Elongation, 

No. in  degs. Cent, per sq. in. per cent.
30 ... 760 ... 11.60 ... —
31 ... 740 ... 11.60 ... 0.5
33 ... 700 ... 11.92 ... 0.5
35 ... 625 ... 13.68 ... 0.5

M aximum  tem perature in furnace, 790 deg. C.

stress, b u t  th e  second b a r  shows a s lig h t e lo n g a
tio n . T h ere  is a  p ro g ressiv e  rise  in  b re a k in g  stress  
w ith  re d u c tio n  o f c a s tin g  te m p e ra tu re , a n d  th e  
b a rs  c a s t  a t  625 deg. C. show a  consid erab le  in-

/
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c rease . Of five b a rs  c a s t  a t  th is  latte<r te m p e ra 
tu r e ,  o n ly  tw o w ere sound , th e  o th e r  th re e  h a v in g  
cold sh u ts . T h is is a  com m on d e fec t w ith  “ Y  ’ 
alloy, w hich  does n o t  c a s t  well below 650 deg. C. 
R e su lts  a f te r  h e a t  t r e a tm e n t  a re  n o t  a v a ilab le , as 
o n e  b a r  b ro k e  o n  th e  sh o u ld e r on  te s t in g , o n e  w as 
spo iled  in  tu r n in g ,  a n d  th e  h a rs  c a s t  a t  th e  low 
te m p e ra tu re  w ere u n so u n d . T h e  r e s u l t  o n  th e  
on ly  re m a in in g  b a r  is useless fo r  co m p ariso n .

R e p e a t  im p a c t te s ts  on  b a rs  in  t h is  se ries  a re  
g iven  in  T ab le  IX . I t  w ill be  n o tic e d  t h a t  in  th e  
“ as c a s t ”  co n d itio n  th e y  show a  p ro g ress iv e  r ise

T a b l e  I X .— Repeat Im pact Tests on “ Y  ”  A lloy.
C asting Blows

N o Tem perature as cast. H e a t trea ted , 
in deg. C.

32. ... 720 ... 1222 ... 42338
33. ... 700 ... 1962 ... 13126
34. ... 650 ... 3862 ... 15072
M aximum  tem perature in furnace 790 deg. C.

in  re s is ta n c e  to  f r a c tu r e  as c a s tin g  te m p e ra tu re  
fa lls , b u t  t h a t  h e a t  t r e a tm e n t  a p p a re n tly  so a lte rs  
th e  s t ru c tu re  t h a t  th e  e ffect of c a s tin g  te m p e ra tu re  
is lost. H e a t  t r e a tm e n t  causes a  la rg e  in c re a se  in  
th e  n u m b er  o f  blows necessa ry  to  f r a c tu r e ,  p a r t i 
c u la rly  in  th e  b a rs  c a s t  a t  720 deg. C . T h is  b ea rs  
o u t  th e  s ta te m e n t  o f th e  o r ig in a to r s  o f th is  alloy , 
t h a t  a  fa ir ly  h ig h  c a s tin g  te m p e ra tu r e  is  n eeded  
fo r sa tis fa c to ry  re su lts  to  be  o b ta in e d .

Influence of Temperature of Dies.
I n  th e  p ro d u c tio n  o f d ie  c a s tin g s , th e  tem peira- 

tu r e  of th e  d ies is an  im p o r ta n t  fa c to r  fo r success.

T able X .— Influence o f Tem perature o f Dies on
Tensile S treng th  o f A lum in ium  A lloy  (A l., 82.04; 
Cu., 3.39; Zn., 13.73; and Fe ., 0.65 per cent.).

Casting Y .P . M .S.- E.
Tem perature tons per tons per

No. in deg. C. sq. in. sq. in. per cent
2. 700 ... 8.80 .. 10.04 ... 2.0
3. 700 ... 9.04 .. 11.40 ... 3.0

M aximum tem perature  in furnace, 810 deg. C.

I n  T ab le  X  th e  f irs t b a r  w as c a s t  in  a  ch ill a t  an  
a p p ro x im a te  te m p e ra tu re  o f  500 deg. C ., a n d  th e  
o th e r  b a r  in  a  ch ill a t  a  te m p e ra tu re  o f 120 deg . 
C ., th e  p o u r in g  te m p e ra tu re  o f  th e  m e ta l b e in g
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th e  sam e in  ©acli in stan ce . T h ere  is q u ite  a 
reaso n ab le  d ifference betw een th e  tw o  resu lts , and  
it  is obvious t h a t  a q u ick e r r a te  of cooling (chill 
effect) causes th e  h ig h e r te n s ile  figures.

T he effect o f ag e in g  is a  very  im p o r ta n t  fa c to r . 
I f  c as tin g s  im p ro v e  w ith  ag e , so m uch to  th e  good ; 
b u t  i t  is v ery  e sse n tia l t h a t  m a te ria l  should  n o t 
d e te r io ra te  w ith  age.

Aluminium>Copper>Zinc Alloys.
In  T ab le  X I  a re  some re su lts  on an  a lu m in iu m - 

co p p er-z inc  alloy. Two se ts  o f b a rs  were c a s t  in 
chills a t  t e m p e ra tu re s  of 700 deg. C. an d  640 deg. 
C. T ensile  te s ts  w ere ta k e n  4, 45 a n d  95 d ay s a f te r

T a b l e  X I.—Influence of Ageing on Aluminium-Copper- 
Zinc A lloys  (Ah, 82.04; Gu., 3.39., Zn., 13.73; and 
Fe., 0.65 per cent.).
No. of Casting Y .P. M.S.

No.
days Temp, in tons per tons per E.
aged. deg. C. sq. in. sq. in. per cent

3. 4 .. 700 .. 9.04 .. 11.40 3.0
3 a . 45 .. 700 .. . 10.12 .. 11.52 4.0
3 b . 95 .. 700 .. . 10.44 .. 13.28 4.0
1. 4 .. 640 .. . 8.84 .. 11.44 4.0
I a . 45 .. 640 .. 10.48 .. 13.84 4.0
1 b . 9 5 .. 640 .. . 10.12 .. 13.72 4.0

M aximum tem perature in furnace, 810 deg. C.

c a s tin g . I t  w ill be observed t h a t  th e  d ifference 
in  ten s ile  a t  th e  d iffe re n t te m p e ra tu re s  is  n o t ve ry  
p ro n o u n ced  a f te r  4 d ay s’ ag e in g , b u t  becom es m ore 
m ark e d  a f te r  45 days. A  f u r th e r  p e rio d  of age
ing  a p p e a rs  once a g a in  to  e lim in a te  th e  difference, 
y e t  b o th  se ts show a  co n siderab le  im provem en t 
w ith  age.

T ab le  X I I  g ives re su lts  du e  to  ag e in g  on a n  
a lu m in iu m -co p p e r alloy c o n ta in in g  a  sm all q uan-

T a b l e  X I I .—Influence of Ageing on A lloy containing 
Ah, 85.32; Cu., 12.45; Zn., 1.63 per cent. 5 and 
Sn., Trace.
No. of Casting Y .P . M.S.

days Temp, in tons per tons per E.
No. aged. deg. C. sq. in. sq. in. per cent.
6. 6 .. 680 ... — ... 9.64 ... 1.0
6 a . 37 ... 680 ... 11.0 ... 11.20 ... 1.5

M aximum tem perature in furnace, 710 deg. C.

t i t y  of zino. A delay  of 31 days befo re  te s tin g  
g ives co n sid erab ly  im p ro v ed  resu lts .
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T ab le  X I I I  dea ls  w ith  a  d ie -c a s tin g  alloy  of 
a lu m in iu m  a n d  copper. In  th is  b a tc h  th e  b a rs  
c a s t  a t  800 deg. C. show a  re d u c tio n  in  b re a k in g  
stre ss  w ith  an  in c reased  e lo n g a tio n , w h e reas th o se  
c a s t  a t  700 deg. C. a n d  600 deg. C. show a n  in -

T a b l e  X I I I .—Influence of Ageing on a Die Casting  
A n o y  containing A l., 87.90; Cu., 11.14 per cent. ; 
and Z n ., Trace.

No. of Casting M .S.
E.days temp, in tons per

No. aged. deg. C. sq. in. per cent
10. 3 800 7.28 ■—
1 0 a . 35 800 6.64 1.0
1 1 . 3 700 8.24 —
1 1 a . 35 700 8.84 1.0
12. 3 600 8.00 —
1 2 a . 35 600 8.36 1.0

M aximum  tem perature  in furnace, 960 deg. C.

c rease  in  b re a k in g  s tre ss  a n d  e lo n g a tio n  a f t e r  35 
d ay s’ ag e in g . I t  w ill be  n o tic e d  t h a t  th e  aged  
b a rs  a ll show a sm all e lo n g a tio n , w h ils t th e  b a rs  
te s te d  soon a f te r  c a s tin g  show none. B o th  in  th is  
a n d  th e  p rev io u s t e s t  i t  w ould h a v e  been  d es irab le  
to  c o n tin u e  th e  a g e in g  effect, b u t  a n  insufficiency 
o f t e s t  b a rs  p rec lu d ed  th is .

I n  T ab le  X IV  a r e  a n o th e r  s e t  of re su lts  on 
a lu m in iu m -co p p er-z in c  alloys. T hese  w ere  san d - 
c a s t  b a rs , an d  a  p e c u lia r i ty  o f th e  re s u l ts  is t h a t ,  
th o u g h  b o th  b a rs  show an  in c re a se  in  b re a k in g  
s tre ss  a f te r  40 d a y s’ ag e in g , n e i th e r  o f  th e  b a rs

T a b l e  X IV .—Influence o f Ageing on Sand-cast Bars 
containing A l., 85.56; Cu., 3.29; Zn., 12.18; and 
Fe., 0.73 per cent.
No. of Casting Y .P . M .S.

days Temp, in tons per tons per E.
No aged. deg. C. sq. in. sq. in. per cent.
20. 5 ... 710 .. . 8.60 ... 9.40 ... 2.0
2 0 a . 40 ... 710 .. — . 10.00 ... 1.5
21. 5 ... 640 .. . 8.80 ... 9.64 ... 1.5
2 1 a . 40 ... 640 .. — ... 11.44 ... 1.5

M aximum  tem perature in furnace, 770 deg. C.

th e n  g av e  an y  ev id en ce  o f y ie ld  p o in t.  I t  w ill be 
no ticed  t h a t  b o th  be fo re  an d  a f te r  a g e in g  th e  
g en era l ru le  ap p lies, i .e .,  b e t te r  te n s ile  te s ts  a re  
o b ta in e d  a t  th e  low er c a s tin g  te m p e ra tu re .

T able  X V  g ives figures o b ta in e d  q u ite  re ce n tly
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on a  t e r n a r y  alloy. A n e x am in a tio n  of th is  tab le  
show s t h a t  th e  y ie ld  p o in t  is m uch  th e  sam e fo r all 
c a s tin g  te m p e ra tu re s , b u t  t h a t  bo th  th e  b re ak in g  
s tre ss  a n d  e lo n g a tio n  progressively  increase  as th e  
c a s tin g  te m p e ra tu re  decreases. T hese ten s ile  te s ts
T a b l e  X V .— influence o f Casting Temperature on an 

alloy containing Al., 82.78; Cu., 4.90; Zn., 11.£0, 
and Fe ., 0.60 per cent.

Casting Y .P . M.S. E.

No.
Temp, in tons per tons per per

deg. C. sq. in. sq. in. cent.
40. 770 . 5.96 7.88 2.5
41. 700 .. 6.40 8.84 ■ 4.0
42. 680 6.04 9.40 5.0
43. 660 6.44 .. 11.04 6.0
44. 640 . 6.04 .. 11.32 7.0

Maximum tem perature in furnace, 770 deg. C.
w ere m ad e  w ith in  48 h o u rs  of cas tin g , a n d  th e  
b a rs  w ere ch ill-cast. D u p lic a te  b a rs  o f th is  series 
have  been p u t  a sid e  fo r th e  pu rp o se  of ageing , and  
ten s ile  te s ts  will be ta k e n  a t  in te rv a ls  o f six 
m onths. iShould th e  a u th o r  h a v e  occasion to  
p re se n t  a f u r th e r  P a p e r  o n  th is  sub jec t, he hopes 
to  be ab le  to  in c lu d e  those  re su lts .

F u r th e r  e x p e rim e n ts  on re s is tan c e  to  re p ea te d  
im p a c t a re  e x h ib ite d  in  T ab le  X V I. T he d iffer
ences in  th e  n u m b er of blows re q u ire d  to  f ra c tu re  
a re  rem a rk ab le . T he b a r  c a s t a t  610 deg. C. 
needed  n e a r ly  8,000 m ore  blows th a n  th e  b a r  cas t 
a t  640 deg. C ., an d  m ore  th a n  tw ice  as m any  blows
T a b l e  X V I .— Influence of Casting Temperature on 

Repeat Im pact tests using an alloy containing  Al., 
86.08; Cu., 2.95; Zn., i0 .0 4 ; and Fe., 0.68 per 
cent.

Casting temp. Blows to
No. in deg. C. fracture.
27. ... 710 ... 12,252
28. ... 640 ... 22,998
29. ... 610 ... 30,768
Maximum tem perature in furnace, 840 deg. C. 

as th e  b a r  c a s t  a t  710 deg. C. T h is is t ru ly  a  
re m a rk a b le  v a r ia tio n  fo r  a  re la tiv e ly  sm all d iffer
ence in  c a s tin g  te m p e ra tu re . B efo re  p assin g  from  
th is  ta b le  i t  should  be n o ted  th a t ,  as an  e x p e ri
m en t, a  d u p lic a te  s e t  of th ese  b a rs  w ere  h e a t  
t r e a te d  a t  520 deg. C ., a n d  quenched  in  bo iling  
w a te r. On th e  re p e a t  im p a c t te s t ,  a ll b roke  o u t
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side  th e  g rooved  p o rtio n . T he b a r  c a s t  a t  710 
deg. C. b roke  a f te r  40 b low s; t h a t  a t  640 deg. C. 
a f te r  72 W ows; a n d  t h a t  a t  610 deg. C. a f te r  
478 blows.

Hardness of Aluminium Alloy.
B efo re  conclu d in g , i t  seem s d es irab le  to  r e fe r  

to  h a rd n ess . T h is  is n o t  a  v ery  im p o r ta n t  fu n c 
tio n  o f a lu m in iu m  c as tin g s , as a lu m in iu m  is ra re ly  
used  as a  b e a r in g  m e ta l, h u t  th e re  a re  occasions 
w h ere  a  know ledge  of th e  h a rd n e ss  is  d e s irab le . 
All th e  h a rd n ess  d e te rm in a tio n s  h a v e  been  ta k e n  
on a  B rin e ll m ach in e , w ith  a lo ad  o f 500 k ilo g ra m s 
ap p lie d  fo r  30 seconds. F l a t  s t r ip s ,  -J in .  th ic k , 
w ere c a s t,  a n d  th e  B rin e ll n u m b e r  d e te rm in e d  in  
sev era l p laces. R e p e a t  te s ts  on  th e  sam e sam p les 
w ere m ad e  a t  in te rv a ls , a n d  a s  th e  re su l ts  o b ta in e d  
a re  r a th e r  c u rio u s , i t  m ig h t  be o f in te r e s t  to  
in c lu d e  som e exam ples.

T ab le  X V II  g iv es th e  h a rd n e ss  o n  th r e e  s e ts  of 
s t r ip s  c a s t  a t  700, 650 a n d  585 deg. C. re sp ec tiv e ly . 
A ll w ere  sa n d -ca s t. T h e  B rin e ll n u m b e r  is g iven  
fo r each  sam ple , te s te d  im m e d ia te ly  a f t e r  c a s t
in g , a n d  a lso  a t  v a r io u s  p e rio d s  u p  to  85 d ay s 
la te r .  T h e  f ir s t  row  shows t h a t  th e  b a r  c a s t a t  
th e  low est te m p e ra tu re  is s lig h tly  h a r d e r  th a n  th e

T a b l e  X V II .— Influence of casting Tem perature on 
Aged Aluminium, A lloy Bars on the B rinell H a rd 
ness (500 kgs.)

Days C ast a t
Aged. 700 deg. C. 650 deg. C. 585 deg

1 50 50 54
15 63 65 70
29 63 67 70...
36 63 67 70
64 70 70 70
85 70 70 70

M aximum tem perature in furnace, 760 deg. C.

o th e r  tw o. A f te r  15 days th e re  is  a co n sid e rab le  
in crease  in  h a rd n e ss  in  a ll th re e  sam ples, a n d  th e  
h a rd n ess  r ise s  w ith  re d u c tio n  o f c a s tin g  te m p e ra 
tu re .  T h is  in crease  in  h a rd n e ss  is  m a in ta in e d  fo r  
a  f u r th e r  49 d ays, w hen th e re  is  a n o th e r  s lig h t 
in c re ase  in  th e  f irs t tw o  b a rs , b r in g in g  a ll th re e  
e q u a l in  h a rd n ess . N o f u r th e r  c h an g e  a p p e a rs  to  
ta k e  p lace, a n d  i t  sh o u ld  be s ta te d  t h a t  th ese  b a rs  
hav e  been  te s te d  m an y  tim e s  since  a t  in te rv a ls
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of 14 days, b u t  no  ch an g e  h a s  ta k e n  p lace. The 
tim e  fa c to r  h a s  a p p a re n tly  e lim in a ted  v a r ia tio n s  
d u e  to  d ifference  in  c a s tin g  te m p e ra tu re .

B rin e ll h a rd n ess  te s ts  on  d ie -cas tin g  alloy a re  
g iven  in  T ab le  X V I I I .  T h ere  is very  l i t t le  d iffer
ence in  th e  h a rd n e ss  w hen te s te d  th e  d ay  follow
in g  c a s tin g , b u t  all th r e e  sam ples show a re d u c 
t io n  o v er a peiriod of 36 days, an d  th e n  a tendency  
to  in c rease . F u r th e r  te s ts  m ade sin ce  th is  tab le  
was m ad e  o u t  seem  to  in d ic a te  an  a r re s t  of change 
in  th e  sam ples c a s t  a t  800 deg. C. an d  GOO deg. C.,
T a b l e  X V II I .— Influence of Casting Temperature of 

Aged Die Casting A lloy on Brinell Hardness.
Days Cast a t

Aged. 800 deg. C. 700 deg. C. 600 de:
1 70 . . 7 3 70
8 65 73 65

36 63 65 57
57 73 77 65

M aximum tem perature in furnace, 960 deg. C.
b u t  a n o th e r  re d u c tio n  of h a rd n ess  in  th é  sam ple  
c a s t  a t  700 deg. C. I t  is p ro b ab le  th a t ,  g iven  
suffic ien t tim e , th e  th r e e  sam ples will a /rrive a t  a 
s ta b le  s ta te  in  w hich th e re  is l i t t le  o r  no .d iffer
ence in  th e ir  re sp ec tiv e  h a rd n esses .

As a  final b a tc h  o f re su lts , T ab le  X IX  gives 
h a rd n ess  te s ts  on  “  Y ” alloy. T hese s tr ip s  were 
c a s t  a t  th e  sam e tim e  as th e  te n s ile  b a rs  showm 
in  T ab le  I I I ,  a n d  in  d ea lin g  w ith  th e  ten s ile  te s ts
T a b l e  X IX .— Influence o f Casting Temperature of 

Aged  “ Y  ” Alloy on Brinell Hardness. Composi
tion as shown in Table I I I .

Days Cast a t
Aged. 800 deg. C. 700 deg. C. 625 deg

1 77 73 70
8 80 83 86

32 86 86 80
53 83 83 77
70 83 83 80

Maximum tem perature in furnace, 910 deg. C.
i t  w’&s s ta te d  t h a t  th ese  w ere  th e  on ly  se t  of b a rs  
th e  ,au th o r h a d  te s te d  in  w hich th e  h ig h e r  ca s tin g  
te m p e ra tu re  gav e  th e  h ig h e r ten s ile . As is shown, 
th e  h a rd n ess  re su lts  e x h ib it  th e  sam e phenom enon. 
T h ere  was no  p o ss ib ility  of th e  b a rs  be in g  m ixed  
d u r in g  c a s tin g , as each  se t  w ere s tam p ed  im m e
d ia te ly  th ey  w ere m ade. T h ere  a p p ea rs  a  re g u la r
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in crease  in  th e  h a rd n e ss  o v er a  p e rio d  o f 32 d ays, 
when i t  re ach es i ts  m a x im u m ; th e n  th e r e  is a 
s lig h t d ecrease  u n t i l  a  s ta b le  s ta te  is a t ta in e d ,  
a f te r  w hich th e re  a p p e a rs  to  he  p ra c tic a lly  no 
ch ange . F u r th e r  te s ts  on th ese  b a rs , m ad e  sev e ra l 
m o n th s  la te r ,  gave  id e n tic a lly  th e  sam e  figures. 
T h e  b a r  c a s t  a t  625 deg . C.. show s r a th e r  e r r a t ic  
re su lts , b u t  th is  is m a in ly  d u e  to  u n so u n d n ess . As 
s ta te d  befo re , i t  is exceed ing ly  d ifficu lt to  c a s t  
good t e s t  b a rs  in  “  Y ”  alloy a t  te m p e ra tu re s  
below 650 deg. 0 .

CONCLUSION.

These r e su lts  a re  ty p ic a l  of m an y  o th e rs  
reco rd ed  o v e r  a  n u m b er o f y e a rs . T h e  conclu
sions d raw n  c an  now  be s ta te d .  In  th e  a u th o r ’s 
o p in io n , c a s tin g  te m p e ra tu re  h as a  p ro fo u n d  effect 
on th e  physical p ro p e rtie s  o f a lu m in iu m  alloys, as 
ty p ified  b y  te n s ile  s t r e n g th ,  h a rd n e ss  a n d  re s is t ,  
an ce  to  re p e a te d  im p ac t.

All c lasses o f a lu m in iu m  alloys follow th e  sam e 
course, n am ely , th e  low er th e  c a s tin g  te m p e ra tu re ,  
th e  b e t te r  th e  p h y sica l p ro p e rtie s .

T h e  d ifferen ce  in  te n s ile  s t r e n g th  d u e  to  v a r ia 
tio n  in  c a s tin g  te m p e ra tu r e  p e rs is ts  on  a g e in g , 
w ith  th e  possib le  ex cep tio n  t h a t  w ith  c e r ta in  alloys 
o f a lu m in iu m , c o p p e r a n d  z inc , th e  d ifference  
a p p e a rs  to  be  less a c c e n tu a te d  a f t e r  ag e in g . As 
th e  a u th o r  is  en g ag ed  o n  f u r th e r  te s ts  on th is  
p a r t ic u la r  c lass o f alloy, he  does n o t  feel ju s tif ie d  
in  c o m m ittin g  h im self to  a  d e fin ite  o p in io n  on 
th is  p o in t.

H a rd n e s s  is also affec ted  by c a s tin g  te m p e ra tu re  
in  th e  sam e m a n n e r  as te n s ile  s t r e n g th ,  b u t  in  
m any  in s tan ces  a g e in g  wmuld a p p e a r  to  e lim in a te  
such  d ifferences.

R e s is ta n c e  to  r e p e a te d  im p a c t is  s im ila rly  
a ffec ted  by  c a s tin g  te m p e ra tu re ,  a n d  in  th is  p ro 
p e r ty  i ts  in flu en ce  is  v e ry  m ark e d . A re d u c tio n  
of 20 o r 30 deg. cau ses an  in c re ase  o f a p p ro x im a te ly  
50 p e r  cen t, in  th e  n u m b er of blows re q u ire d  to  
f ra c tu re .

P ro lo n g ed  h e a t in g  in  th e  fu rn a c e  h a s  a p p a re n tly  
only  a  s lig h t e ffect on  th e  te n s ile  s t r e n g th ,  b u t  a 
m uch g re a te r  in flu en ce  on th e  re s is ta n c e  to  re p e a t  
im p ac t. T h is  is no d o u b t d u e  to  th e  p re sen ce  of 
ox ide inclusions, a s  can  be  show n by e x a m in in g
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u n e tc h ed  m ic ro g rap h s a t  75 d ias . In  th e  o rd in a ry  
coke-fired p i t  fu rn ac e , i t  is im possible to  avoid 
a n  o x id is in g  a tm o sp h e re , h u t  in  m an y  ty p es of 
gas-fired  fu rn ac e s  th e  m ix tu re  o f gas an d  a ir  can 
be  so re g u la te d  t h a t  th e  b u lk  of th e  m eta l is in 
c o n ta c t  w ith  a  re d u c in g  a tm o sp h ere . N e v erth e 
less, th e  d ifference betw een  n o rm ally -m elted  and 
o v e rh e a te d  m eta l can  be d e tec ted  by th e  re p e a t 
im p a c t te s t .  O v e rh ea tin g  is n ev er indu lged  in  as 
a r e g u la r  p ra c tic e , b u t  m ay  be th e  a cc id en t o f th e  
m om ent. I t  h a s n o th in g  to  recom m end i t ; i t  is 
w aste fu l of fu e l a n d  m e ta l ; a n d  th e  a im  of every  
fo u n d ry  fo re m a n  should  be m oulds re ad y  fo r th e  
m eta l, r a th e r  th a n  m e ta l re a d y  fo r th e  m oulds.

F o r  th e  p ro d u c tio n  o f good cas tin g s  in 
a lu m in iu m  alloys, a m ould  should  be  p o u red  a t  
th e  low est te m p e ra tu re  a t  w hich a  sh a rp  c as tin g  
is o b ta in e d  ; a  b e t te r  p ra c tic e  would be to  d e te r
m in e  b y  th e  a id  o f a  p y ro m e te r th e  e x a c t c a s tin g  
te m p e ra tu re  a t  w'hich th e  b e s t re su lts  a r e  o b ta in 
able fo r  each  ty p e  o f c a s tin g , an d  s ta n d a rd is e  th e  
use  o f  th e  p y ro m e te r as p a r t  of th e  re g u la r  ro u tin e  
o f th e  shop.

W ith  c o m p e titio n  as i t  is to -d ay , a n d  th e  g re a te r  
d em an d s fo r  q u a li ty  m ad e  on  th e  fo u n d ry , ohance 
m ethods of w ork ing  m ay  c a rry  on fo r a  tim e , b u t 
a re  likely  to  lead  u ltim a te ly  to  th e  B a n k ru p tc y  
C o u rt.

T h e  figures su b m itte d , a lth o u g h  th ey  re p re se n t 
te s ts  m ade  a t  odd  p e rio d s d u r in g  th e  p a s t seven 
y e a rs , to u ch  o n ly  th e  fr in g e  o f th e  su b je c t. The 
alloys o f  a lu m in iu m  offer a wide field to  th e  in 
v e s tig a to r , a n d  th o u g h  m uch h as been m ade  know n, 
co n sid erab ly  m ore h a s  y e t  to  be d iscovered . T h ere  
is n o  f in a li ty  in  m e ta llu rg ic a l w ork, p e rfec tio n  
will com e w ith  th e  m illen ium , an d  i t  is to w ard s  
t h a t  h a p p y  s ta te  we m u st ev er keep  s tr iv in g . 
K now ledge is m a in ly  g a rn e re d  in  th e  h a rd  school 
o f  experien ce , a n d  th e  p lea su re  de riv ed  in  th e  
a cq u is itio n  o f su ch  know ledge is o ften  th e  only 
re w ard . _____

DISCUSSION.
T h e  C h a i r m a n  (M r. J .  Shaw ) said  th ey  h a d  h ad  

a  v e ry  in te re s t in g  P a p e r .  I t  was p ra c tic a lly  th e  
firs t n o n -fe rro u s  P a p e r  th a t  they , as a  b ran ch  of 
th e  I n s t i tu te  o f B r itish  F o u n d ry m en , h ad  had .
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W h en  th ey  m ade  in q u ir ie s  from  th e  m em bers as 
to  th e  b ra n c h  of th e  fo u n d ry  t r a d e  th e y  w ere 
conn ec ted  w ith , th ey  fo u n d  t h a t  th e y  h ad  q u ite  a 
n u m b e r who w ere  c o n n ec te d  w ith  th e  n o n -fe rro u s  
t r a d e ;  hence t h a t  P a p e r .

D r . P e r c y  L o n g m u i r , in  o p e n in g  th e  d iscus
sion , sa id  t h a t  a b o u t 20 y e a rs  ago h e  h a d  c a r r ie d  
o u t  a  c e r ta in  a m o u n t of w ork . U n lik e  M r. 
H u r re n ,  he  fo u n d  t h a t  th e  in te rm e d ia te ,  th e  f a i r  
c a s tin g  h e a t ,  a lw ay s  g av e  th e  b e s t re su lts . T h a t  
was, o f  course , n o t  on a lu m in iu m  a lloy , b u t  o n  
th e  com m erc ial a lu m in iu m  of th o se  days. H e  h a d  
been in ten se ly  in te re s te d  in  th e  a g e in g  effect on  
th ese  a lu m in iu m  alloys, because , a t  th e  t im e  he 
w as sp e a k in g  o f, w o rk in g  on  th o se  m eta ls , th e  o n ly  
e q u a lis in g  effect t h a t  h e  g o t w as o n  lead . 
Of cou rse , th e  m ax im u m  s tre s s  on  lead  was 
in d efin ite , a n d  on e  h a d  to  go on th e  e lo n g a 
tio n . H e  fo u n d  t h a t  c a s tin g  too  h o t g av e  
a  low e lo n g a tio n  ; c a s tin g  fro m  th e  sam e 
c ru c ib le  a t  a  f a i r  h e a t  g av e  a  v e ry  f a i r  
e lo n g a tio n  ; w h ile  c a s tin g  to o  low—by  w hich  he 
m e a n t ju s t  low en o u g h  to  give a so u n d  c a s tin g — 
a g a in  g av e  a  low e lo n g a tio n . Now, co m p an io n  
bars, p u t  aw ay  fo r  th re e  m o n th s a n d  te s te d , gave  
eq u al e lo n g a tio n s . T h e  ag e in g  effect o f  th ese  
a lu m in iu m  alloys w as th e re fo re  one o f v e ry  g re a t  
in te re s t ,  a n d  h e  h o ped  t h a t  M r. H u r r e n  w ould 
follow o u t  h is w ork in  t h a t  d ire c tio n .

All h is  w ork ing  life  h e  h a d  o b jec ted  to  w h a t  he 
called  th e  s tew in g  o f an y  m eta l, a n d  th e y  h a d  h a d  
good p ro o f o f t h a t  t h a t  n ig h t. H e  h im self h a d  
fo u n d , p a r tic u la r ly  w ith  th e  cop p er-z in c  a lloys 
chiefly , stew in g  to  be  in te n se ly  bad . A p a r t  from  
th e  v o la ti lisa tio n  losses o f z inc , in v o lv in g  a c h an g e  
in  co m position , th e re  was a decided ly  b a d  effect, 
which, a s  th e  le c tu re r  h ad  show n, d id  n o t  neces
sa rily  show in  ten s ile , b u t  d id  show  in  som e fo rm  
of a  b r i t t le n e s s  t e s t  su d d en ly  a p p lie d .

D r . L o n g m u i r  ad d ed  t h a t  he w ould  l ik e  to  su p 
p o r t  w h a t M r. H u r r e n  h a d  sa id  : t h a t  th e  c a s tin g  
te m p e ra tu re , n o t  o n ly  o f th e  p a r t ic u la r  a lloys t h a t  
he h a d  in v e s tig a te d , b u t  o f a ll a lloys, m u s t neces
sa rily  v a ry  w ith  th e  ty p e  of e a s tin g . I n  h is  own 
ex p e rim e n ts  w ith  A d m ira lty  gun  m eta ls , w ith  
M u n tz  m eta ls , a n d  so on , he fo u n d  t h a t  m an y  
A m erican  tex t-b o o k s  w ere q u o tin g  h im  as s ta t in g
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t h a t  h is  own f a i r  h e a ts  w ere th e  c o rre c t h e a ts  fo r 
all ty p es  of c a s tin g . B u t  those  te m p e ra tu re s  only 
re p re se n te d , a n d  could  on ly  re p re se n t,  th e  m ost 
su ita b le  c o n d itio n s  fo r  t h a t  p a r tic u la r  ty p e  of 
c a s tin g . I f  one h ad , say , a 3 -ft. cu b e  an d  th en  
a 3 -ft. p la te  by \  in . th ic k , necessarily  th e  te m 
p e ra tu re s  m u s t v a ry .

P r o f e s s o r  C . H . D e s c h  sa id , lik e  D r. L o n g m u ir, 
he  h ad  a lw ays u rg e d  t h a t  stew in g  w as a m ost 
p e rn ic io u s  p ra c tic e , w h e th e r c a rr ie d  o u t  in te n 
tio n a lly  o r j u s t  a s  th e  re su l t  of care le ss  w orking. 
T o deal fo r a  m o m en t w ith  a n o th e r  alloy, in  which 
th e re  w as n o  q u estio n  of v o la tilisa tio n , nam ely , 
g u n -m eta l, h e  h a d  fo u n d  sev era l cases in  which 
c a s tin g s  of g u n -m e ta l, p re p a re d  a t  ro u g h ly  th e  
sam e te m p e ra tu re ,  d iffered  from  one a n o th e r  to  
th e  e x te n t  of one g iv in g  double th e  e lo n g a tio n  of 
th e  o th e r , th e  b e tte r  re su l t  be in g  o b ta in e d  sim ply 
by th e  a v o id in g  of s tew ing , by p o u rin g  th e  m eta l 
d ire c tly  th e  te m p e ra tu re  w as reached .

Why “ Y ” is Difficult to Cast.
H e n o ticed  t h a t  M r. H u r re n  h a d  some difficulty 

w ith  th e  alloy “  Y ,”  w hich he believed  h a d  been 
th e  e x p e rien c e  o f v e ry  m an y  users. I t  h ap p en ed  
to  be a  v ery  tr ic k y  alloy to  use, an d  v e ry  few 
people, he  th o u g h t, h a d  succeeded  in  re p ro d u c 
ing  th e  re s u lts  from  i t  t h a t  h ad  been o b ta in e d  a t  
th e  N a tio n a l P h y s ica l L a b o ra to ry , w here  th e  s ta ff 
h ad  been w ork ing  on i t  fo r  a  long  tim e  an d  h ad  
a cq u ired  sp ec ia l skill. T he o rd e r  o f  M r. H u r r e n ’s 
te s ts  cam e o u t  slig h tly  d iffe ren tly , in  th e  case of 
th e  “  Y ”  a lloy, fro m  th e  o rd e r  o f th e  o th e r  alloys, 
and  th is  su g g ested  t h a t  c a s tin g  a t  so low a tem 
p e ra tu re  as 625 deg. C. d id  n o t  rea lly  g ive th e  
“  Y ”  alloy  a  r e a l  chance, because  i t  co n ta in ed  
n ickel. Now th e  n ick e l-a lu m in iu m  com pound th a t  
fo rm ed  h a d  a  h ig h  m eltin g  p o in t,  a  h ig h  te m 
p e ra tu re  a t  w hich i t  fe ll o u t  of so lu tio n . H e  h ad  
n o t  th e  d iag ra m  by h im  a t  th e  m om ent, b u t  he 
th o u g h t  t h a t  a t  625 deg. C. th e re  would ac tu a lly  
be  c ry s ta ls  in  t h a t  alloy o u t o f so lu tion  and  in 
suspension , w hich w ould, of course, p re v e n t one 
from  g e tt in g  a  v e ry  good cas tin g .

T h e  ag e in g  effect w as o f e x tra o rd in a ry  in te re s t— 
th e  ag e in g  e ffec t t h a t  was f irs t d iscovered in  d u ra 
lu m in , a n d  w as now know n to  be c h a ra c te r is tic  of
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so m an y  alloys. T h a t ,  o f course , h a d  now been 
quit© sa tis fa c to r ily  e x p la in ed . T h e  w ork  of D r. 
R o sen h a in  a n d  h is  co lla b o ra to rs  h a d  show n t h a t  
th ey  h a d  th e re  th e  m ag n esiu m  a n d  silicon  con
cern ed , a n d  t h a t  i t  w as d ue  to  th e  fa ll in g  o u t  of 
th e  o ld e r  m icroscopic  p a r tic le s  fro m  so lu tio n  a n d  
th e n  th e  g a th e r in g  to g e th e r  o f th o se  p a r tic le s  to  
fo rm  la rg e r  m asses. F o llow ing  u p  th o se  c h an g e s , 
th e y  cou ld , as a  m a t te r  o f fa c t,  a cc o u n t fo r  th e  
w hole o f th e  a g e in g . H e  sh o u ld  l ik e  to  ask  M r. 
H u r re n  w h e th e r  he m ade  an y  e x p e r im e n ts  on a r t i 
ficial ag e in g . T h e  p e rio d s  of 85 d ay s a n d  so on 
w ere, o f course , long , a n d  m ad e  th e  e x p e rim e n ts  
very  ted io u s, b u t ,  as m ost of th e  alloys cou ld  be 
ag ed  a r tif ic ia lly  in  bo ilin g  w a te r , o r  a t  te m p e ra 
tu re s  so m ew h at h ig h e r , i t  m ig h t  be  o f in te r e s t  to  
know  w h e th er h e  o b ta in e d  th e  in c re a se  th e re . 
T h e  in c re ase  in  re s is tan c e  to  r e p e a te d  im p a c t by  
ag e in g  w as v e ry  e x tr a o rd in a ry .  H e  d id  n o t  r e 
m em b er see in g  such  la rg e  d ifferences be fo re . H e  
took  i t  t h a t  M r. H u r r e n  h a d  n o t  b een  ab le  to  
follow o u t  m icroscop ica lly  th e  d iffe ren ce  t h a t  to o k  
p lace  o n  ag e in g . I t  w as an  e x tr a o rd in a r i ly  diffi
c u lt  th in g  a n d  re q u ire d  h ig h  p o w er w ork , b u t  i t  
would be  in te re s t in g  to  know  w h e th e r  th e r e  was 
a n y  v isib le  ch an g e , g iv in g  su ch  co n sid e ra b le  in 
c rea se  in  re s is ta n c e  to  shock as w as show n b y  th o se  
te s ts .

I n  re g a rd  to  th e  g e n e ra l re su lts  of th e  effect of 
te m p e ra tu re ,  h e  to o k  i t  t h a t  M r. H u r r e n  con clu d ed  
t h a t  th e  b e s t re s u lts  w ere o b ta in e d  by  c a s tin g  a t  
th e  low est re a lly  f a i r  te m p e ra tu re .  H e  th o u g h t  
t h a t  would be  a q u ite  g e n e ra l conclusion  fro m  th e  
re su lts  if  th ey  ru le d  o u t  th o se  625 deg. C. te s ts  
on th e  “ Y ”  alloy , w hich , he th o u g h t,  w ere 
p ro b ab ly  n o t f a i r  te s ts  fo r th e  a lloy  a t  a ll.

M r . E . H . H il l  sa id  th e  le c tu re r  h a d  sp e n t a 
very  consid erab le  t im e  in  m ak in g  te s ts  on w h a t 
th e y  m ig h t te rm  c o m p a ra tiv e ly  h a rd  a lloys, an d  
th e  in flu en ce  o f th e  c a s tin g  te m p e ra tu r e  o n  th e  
ten s ile  s tre n g th .  O ne p o in t  w hich seem ed to  h im  
w o rth  c o n s id e ra tio n  was, w h a t w ould b e  th e  e ffect 
o f  c a s tin g  te m p e ra tu re  on  th e  so f te r  alloys, w ith  
re g a rd  to  th e  e lo n g a tio n ?  T h e  e lo n g a tio n  show n 
b y  th e  te s ts  w hich h ad  been e x h ib ite d  t h a t  n ig h t  
w ere  all very  sm all. H e  th o u g h t  th e  g re a te s t  
w hich o ccu rred  in  a n y  sam p le  w as a b o u t  7 p e r
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c e n t .,  w hich, foir an  a lu m in iu m  alloy, to  h is m ind , 
was v ery  low. T h e  d u c ti l ity  o f a lu m in iu m  w as a 
v e ry  im p o r ta n t  c h a ra c te r is tic  o f  th e  m eta l, a n d  he  
shou ld  be  g lad  o f some in fo rm a tio n  re g a rd in g  c a s t 
ing  te m p e ra tu re s  a n d  d u c til ity .

M r. H u r r e n , in  rep ly  to  th e  discussion, sa id  he 
w as ve ry  p leased  in d eed  to  see D r. L o n g m u ir th e re  
t h a t  n ig h t, as h e  would lik e  to  say  t h a t  i t  was 
t h a t  g e n tle m a n 's  p io n eer w ork , pub lished  as a 
C a rn eg ie  M em oir, w hich first s ta r te d  h im  on th is  
idea  of t h e  c a s tin g  te m p e ra tu re  fo r a lu m in iu m  
a lloys. D r. L o p g m u ir’s  w ork , w hen h e  re a d  it,  
s tru c k  h im  as b e in g  of in te n se  v a lue , an d  one 
w hich  m ig h t  he e x te n d ed  to  h is own p a r tic u la r  
c lass o f m a te ria l.  H e  w as also g lad  to  see t h a t  
D r. L o n g m u ir  w as in  a g ree m e n t w ith  h im  th a t  
stew ing , o r  o v e rh e a tin g , of an y  m a te r ia l  w as m ost 
ob jec tionab le . So f a r  as v a r ia t io n  o f c a s tin g  te m 
p e r a tu r e  fo r  th e  ty p e  o f c a s tin g  w as concerned , he 
m ig h t say  th a t  in  th e ir  ow n w ork th ey  c a s t some 
a r tic le s— c ra n k  cases h e  h a d  in  m ind'— alw ays a t  
720 deg. C. A b e a r in g  g au g e , w hich h a d  a  v ery  
m uch  th ic k e r  sec tion , th e y  c a s t as n e a r ly  as possible 
to  630 deg. C ., a n d  th e y  h a d  t r ie d  to  s ta n d a rd ise  
d iffe re n t c a s tin g  te m p e ra tu re s  fo r  d iffe ren t jobs. 
Tn m an y  w ays th ey  w ere  fo r tu n a te ,  as m uch  of 
th e ir  w ork  was re p e tit io n  w ork, an d  once th ey  
h a d  d e te rm in e d  th e  b est c a s tin g  te m p e ra tu re  fo r  a 
c e r ta in  job  th ey  cou ld  v ery  o f ten  c a r ry  on  for 
weeks a t  a tim e . I f  th e  w ork  was w h a t w as know n 
in fo u n d ry  p a r la n c e  as jo b b in g  w ork th ey  would 
e i th e r  h av e  to  spend  a co n siderab le  t im e  in  e x p e ri
m en ts  o r to  ta k e  risks.

D r. D esch h a d  em phasised  th e  difficulties which 
h a d  been fo u n d  w ith  “ Y ” alloy, a n d  a t  p re sen t 
he  ( th e  sp eak er) m u st confess t h a t  th ey  h a d  n o t 
been ab le  e n tire ly  to  overcom e th ose  difficulties. 
T h ere  seem ed to  be a p a r t ic u la r  ra n g e  o f te m p e ra 
tu r e  a t  w hich  good c a s tin g s  could be  o b ta in ed  w ith  
“  Y ” alloy , an d  o u tsid e  t h a t  ra n g e  th e re  was 
n o th in g  b u t  fa ilu re .  T he com m ercial d ifficulty  
w ith  “ Y  ” a lloy  also lay  in  th e  f a c t  t h a t  in  th e  
a s-cast co n d itio n  only  poor re su lts  w ere  o b ta in ed , 
a n d  t h a t  th e  c a s tin g s  m u st be h e a t- tre a te d . T his 
in tro d u c e d  a  v ery  serious difficulty in to  a w orks 
t u r n in g  o u t a fa ir ly  heavy  to n n ag e  o r a  la rg e  
n u m b e r of a rtic le s . H e  was of op in ion  t h a t  D r.
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D esch h a d  p o in te d  o u t  th e  cau se  of th e  d ifficu lty  
of c a s tin g  “  Y ”  alloy  a t  c o m p a ra tiv e ly  low te m 
p e ra tu re s ,  in  th e  f a c t  o f  th e  n ic k e l-a lu m im u m  
c ry s ta ls  re m a in in g  in  su sp en sio n  r a th e r  th a n  in  
so lu tio n . T h ey  h a d  n o tic e d  tim e  a n d  a g a in  t h a t  
th e  m e ta l w as a p p a re n tly  liq u id  o n e  second, a n d  
w en t p a s ty  a n d  h a d  to  he  sc rap e d  o u t  o f  th e  p o t  
w ith in  a  v e ry  few  seconds a f te r .

Natural Ageing.
H e  h a d  m ad e  no e x p e r im e n ts  o n  a r ti f ic ia l  age

in g  a t  p re se n t, as h e  w ished to  d e te rm in e  th e  
e ffec t o f  n a tu r a l  ag e in g  in  v iew  o f th e  f a c t ,  a s  he 
s ta te d  in  th e  p a p e r , t h a t  th e y  m ad e  c a s tin g s  one 
m o n th  w hich  w ere  in  use  six  o r  so m etim es e ig h t 
m o n th s  la te r .  T he m ic ro sco p ica l e x a m in a tio n  of 
sec tio n s o f a lu m in iu m  h a d  h e en  fo llow ed  o u t  to  a 
c e r ta in  e x te n t ,  h u t  th e re  w ere  so m a n y  m a n ip u 
la t iv e  d ifficu lties in  th e  w ay  t h a t  h e  d id  n o t  feel 
c ap a b le  o f  p la c in g  m ic ro g ra p h s  b e fo re  su ch  an  
assem bly .

D r. D esch h a d  also e m p h asised  th e  n ecessity  of 
c a s tin g  a t  th e  low est f a i r  te m p e ra tu re .  I n  re g a rd  
to  t h a t ,  h e  could  o n ly  r e p e a t  w h a t h e  h a d  a lre a d y  
sa id  re sp e c tin g  D r . L o n g m u ir ’s re m a rk s .

M r. H il l  in q u ire d  a s  to  th e  e ffec t o n  so f te r  
alloys th a n  th ose  he  h a d  show n t h a t  e v e n in g , a n d  
also  re m a rk e d  t h a t  th e  e lo n g a tio n s  a p p e a re d  to  
be  sm all. T h e  a lloys w hich  h e  h a d  show n w ere  
th o se  w h ich  w ere  com m only specified  fo r  au to m o 
b ile  w ork , a n d , a lth o u g h  th e  e lo n g a tio n s  a p p e a re d  
sm all, i t  w as a m a t te r  o f  e x tre m e  d ifficu lty  to  g e t 
a n  a lu m in iu m -co p p e r-z in c  a lloy , o r  a n  a lu m in iu m - 
cop p er a lloy , to  g ive  a n  e lo n g a tio n  m u ch  o v e r 6 o r 
7 p e r  c e n t .  T h ey  h a d  h a d  e x tre m e  in s ta n c e s  
w here  th e y  h a d  h a d  l f i  to n s  te n s ile  a n d  12  p e r  
c e n t, e lo n g a tio n , h u t  how  th e y  d id  i t  h e  d id  n o t 
know  h o w . The re a so n , th e re fo re ,  w hy  h e  h a d  n o t 
d e a lt  w ith  th e  so f te r  alloys w as t h a t  a t  p re s e n t  
th e y  h a d  no com m ercial v a lu e  in  a n  au to m o b ile  
w orks. H is  te s ts  h a d  a ll b een  t a k e n  d u r in g  th e  
o rd in a ry  co urse  o f  p ro d u c tio n  ; th e y  w ere  n o t  spec i
a lly  d ressed  u p  fo r  th e  occasion , b u t  w ere  sim ply  
se lec ted  fro m  te s ts  w hich  h a d  b een  m ad e  a t  v a r io u s  
p e rio d s  since  th e  e a rly  p a r t  o f  1916.

M r. Shaw , th e  I n s t i tu t e  o f B r i t is h  F o u n d ry m e n ’s 
B ra n c h -P re s id e n t, a sked  h im  to  g iv e  a  n o n -fe rro u s
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p a p e r , a n d , as he  lia-d know n t h a t  g en tlem an  fo r 
a  n u m b er o f y e a rs  an d  a lw ays h a d  a  g re a t  re sp ec t 
fo r  h im , a n d  as M r. Shaw  was in th e  u n iq u e  posi
t io n  of h a v in g  been  p re s id e n t  o f tw o se p a ra te  
b ra n ch e s  of th e  In s t i tu t io n  of B r itish  F o u n d ry - 
m en, he  g lad ly  con sen ted , h u t  w hen M r. Shaw  to ld  
h im  that- he  h ad  also a r ra n g e d  fo r th a t  m ee tin g  to  
be a jo in t  one w ith  th e  I n s t i tu te  o f M eta ls  he 
w ished h e  h ad  n o t been  q u ite  so ra sh  in p rom ising . 
F ra n k ly , he  had  been  r a th e r  a f r a id  of th e  I n s t i 
t u te  of M etals. H e  h a d  a lw ays h a d  an  id ea  th a t  
n o th in g  b u t  p u re  physical ch em istry  w as accept
ab le  to  th e m .

T he C h a i r m a n  sa id  h e  th o u g h t th ey  would a l l  
ag ree  w ith  h im  t h a t  M r. H u r re n  had, n o t very  
m uch need  to  he  a f ra id  of w h a t h e  h ad  p u t  fo r
w ard . H e  h a d  p u t  be fo re  th e m  a  c e r ta in  a m o u n t 
o f o rig in a l w ork, done u n d e r  shop conditions. 
W h en  h e  to ld  th e m  t h a t  M r. H u r re n  h a d  in  one 
o f h is  w orkshops (he d id  n o t know  w h e th er h e  h ad  
a t  th is  m om ent) o v e r 100 m o u ld ers w o rk in g  on 
a lu m in iu m , th ey  w ould h a v e  some id ea  o f th e  
scope a n d  size of th e  shops an d , as a  very  g re a t  
deal o f  th e  w ork  w as on  m o u ld in g  m ach ines and  
w as be ing  tu rn e d  o u t on m ass-p roduction  lines, 
c e r ta in ly  M r. H u r re n  h ad  th e  o p p o r tu n ity  of 
g a u g in g  th e  c a s tin g  te m p e ra tu re s  an d  th e  o th e r  
th in g s  to  m ake  th e  success of i t  t h a t  h e  had . H is  
p a p e r  m ig h t n o t be o n e  on  p u re  science, b u t  i t  
desc rib ed  co n d itio n s  t h a t  he  h ad  o b ta in e d  in 
a c tu a l w orks p ra c tic e , a n d  a s  such i t  o u g h t to  be 
beneficia l to  th o se  who w ere in  a lik e  lin e . The 
te m p e ra tu re s  t h a t  h e  h a d  g iv en  w ere  such as th e  
o rd in a ry  m an , w ith  th e  use  of an  o rd in a ry  p y ro 
m e te r, could  o b ta in .

Vote of Thanks.
M r . J .  R . H yde, in  p ro p o sin g  a vo te  of th a n k s  

to  M r. H u r re n , sa id  th e  p a p e r  show ed th a t  all th e  
difficulties w ere n o t in  s tee l fo u n d rie s . H e  th o u g h t 
th ey  w ere  a g re a t  deal in d eb te d  to  th e  people who 
tac k led  th e  p rob lem  o f a lu m in iu m  alloys, an d  so 
saved  th e m  th e  tro u b le  o f h a v in g  th e  d ifficulties 
o f th e  au to m o b ile  in d u s try  b ro u g h t to  Sheffield. 
They h a d  q u ite  enough  tro u b le s  of th e i r  ow n. B u t 
th e re  w as a n o th e r  p o in t  a b o u t i t— t h a t  un less th e  
a lu m in iu m  c as tin g s  w ere p ro d u ced  successfully
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th e re  w ould be no g r e a t  dem an d  fo r  Sheffield’s steel 
o r  o th e r  m a n u fa c tu re s  to  b u ild  up  in to  th e  com 
p le te  m o to r-ca r. T hey  m u s t a ll w ork  to g e th e r ,  
a n d  he  w as su re  t h a t  a n  ex ch a n g e  o f know ledge 
in  th is  m a n n e r  w as h ig h ly  ¡beneficial.

E n g i n e e r - C o m m a n d e r  J a c k s o n  seconded . H e  
sa id  i t  w as a lw ay s a p le a su re  to  h e a r  th e  re su lts  
o f a m a n ’s ex p erien ce . H e  k n ew  v e ry  w ell t h a t  
t h a t  k in d  o f th in g  was n o t  done fo r  n o th in g . 
T h e re  m u s t h a v e  been a  f a i r  a m o u n t of w ork  p u t  
in to  th e  p a p e r , a n d  th e y  w ere  u n d e r  a  d e b t of 
g r a t i tu d e  to  M r. H u r r e n  fo r  g iv in g  i t .  H e  h a d  
n o t h a d  m uch  ex p e rien c e  h im self w ith  a lu m in iu m  
alloys. I n  th e  sm all q u a n ti ty  t h a t  he  h a d  m elted , 
lie h a d  a lw ays fo u n d  a  s o r t  of re d  o x id e  com e on 
th e  to p , a n d  h a d  w o n d ered  w h a t  i t  w as a n d  ta k e n  
i t  off. H e  h a d  fo u n d  t h a t  w hen  th e  r e d  d id  n o t 
come, t h a t  w as ab o u t th e  te m p e ra tu re  to  c a s t a t .

M r . E . H . H ill-, in  su p p o r tin g , ex p re ssed  th e  
th a n k s  o f th e  I n s t i tu t e  o f M e ta ls  to  th e  I n s t i tu te  
of B r i t is h  F o u n d ty m e n  fo r  th e i r  in v ita t io n  to  
a tte n d  t h a t  m ee tin g . T h e  Sheffield sec tio n  o f th e  
I n s t i tu t e  w as v e ry  m u ch  in te re s te d  in  n o n -fe rro u s  
alloys, a n d  i ts  m em bers w ere  a lw ays p lea se d  to  see 
m em bers o f th e  F o u n d ry m e n  a t  t h e i r  m ee tin g s . 
H e  should  lik e  to  ex p ress h is  a p p re c ia t io n  o f  M r. 
H u r r e n ’s p ra c t ic a l  w ork . H e  h a d  h a d  som e 
ex p e rien c e  o f R o v e r  o a rs  o v e r a  p e r io d  of tw e n ty  
y e a rs , a n d  th e  a lu m in iu m  c a s tin g  in  th e m  h ad  
a lw ays b een  p a r t ic u la r ly  good.

T h e  re so lu tio n  w as c a r r ie d  u n an im o u sly .
M r . H u rren , in  response, sa id  he sh o u ld  like  

to  te ll M r. H y d e  t h a t  th e  s te e l-ca s tin g  m an  h ad  
n o t a ll th e  tro u b le s  in  th e  w orld . H e  m ig h t  th in k  
in  Sheffield t h a t  he  h a d  g o t  a m onopoly  of th em , 
b u t, even if  t h a t  w ere so a t  som e tim e  o r  a n o th e r , 
h e  th o u g h t  som e o f th e m  h a d  now  m oved dow n 
in to  th e  M id lan d s . A lth o u g h  th e r e  m ig h t  be  a 
lo{, of tro u b le  w ith  s teel, th e r e  w as also  a  co n sid e r
a b le  a m o u n t w ith  a lu m in iu m , a n d , he  th o u g h t,  a s  
a  m a t te r  of T ac t, th e re  w as co n sid e rab le  tro u b le  
w ith  all fo u n d ry  w ork.



483

Lancashire Branch.

THE PRACTICAL VALUE OF MODERN NON- 
FERROUS ALLOYS.

By S. F. Barclay, D.Sc.
A ny p a r t ic u la r  alloy possesses tw o  o r  m ore q u ite  

d is t in c t  q u a litie s , a n d  co n sequen tly  .may be em 
ployed fo r  tw o  o r m ore  q u ite  d is t in c t  purposes. 
F o r  exam ple , phosphor b ronze m ay  be used  p u re ly  
o n  a c c o u n t of i ts  c a p a c ity  to  re s is t  co rrosion  or 
on acc o u n t of i ts  excellence as a b e a r in g  m eta l. 
I t  is im possib le  to  develop in  a m ax im um  degree  
all th e  d iffe re n t q u a lit ie s  an  alloy m ay possess, an d , 
as a  ru le , any  o n e  q u a lity  can  be g iven  a  m axi- 

1 m um  v a lu e  only a t  th e  expense o f sacrificing  some 
of th e  o th e rs . T h e  o b jec t o f th is  P a p e r  is to  show 
t h a t  if  th e  fo u n d e r  is to  g ive th e  b est serv ice to  
h is cu sto m ers, he  n eed s to  know th e  e x a c t  use to 
w hich h is -castings w ill be  p u t ,  so t h a t  h e  can . 
b rin g  o u t  th e  re le v a n t q u a lity  in  th e  h ig h es t 
degree .

Phosphor Bronze.
I f  p h o sp h o r ibronze is  to  be used  fo r re s is tin g  

co rrosion , th e  g re a te s t  c a re  m u s t be exerc ised  by 
th e  fo u n d e r  in  k eep in g  down im p u rit ie s  to  a 
m in im u m . T he z inc  c o n te n t  should  n o t exceed 
0.2-5 p e r  c e n t.,  an d  shou ld  p re fe ra b ly  h av e  a lower 
v a lu e ; th e  lead  should n o t  exceed th e  sam e am o u n t, 
an d  th e  iron  and  o th e r  im p u r it ie s  should  n o t ex 
ceed trac es . T h e  fu n c tio n  of phosp h o ru s in  c a s t
ings to  re s is t  corrosion , is m ore  to  serve as a 
deo x id ise r an d  a scav en g e r th a n  as a  h a rd e n in g  
e lem en t, a n d  i t  is sa tis fa c to ry  in such cases if th e  
phosp h o ru s c o n te n t  is  a b o u t 0.25 p e r  cen t. In  
co n sid e rin g  th e  a c tio n  o-f im p u r itie s  on phosphor 
b ronze, i t  h a s  to  be rem em bered  t h a t  in  th e  so li
dified m e ta l th ey  a re  n o t u n ifo rm ly  d ispersed  
th ro u g h o u t  th e  m ass, b u t  te n d  to  co llect a t  th e  
c ry s ta l  b o u n d a rie s , an d  a n  im p u r ity  which con
s t i tu te s  a  sm all p e rce n ta g e  of th e  whole m ay oon-

r  2
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s t i tu t e  q u ite  a h ig h  p e rce n ta g e  of th e  in te r -  
c ry s ta l l in e  (m ateria l. If  th e  b e s t re s u lts  a r e  to  be 
o b ta in e d  f o r  re s is tan c e  to  co rro s io n , in g o t m e ta ls  
on ly  shou ld  be used o r  sc ra p  fro m  h ig h -g ra d e  c a s t
in gs, th e  com position  o f w hich is k now n . T ab le  I 
shows in  a  s t r ik in g  w ay th e  effect o f w h a t a t  f ir s t  
s ig h t m ig h t he  co n sid ered  to  he  sm all p e rce n ta g e s  
of im p u r itie s  on  th e  s t r e n g th  a n d  d u c ti l i ty  of th e  
mettal : —
T a b l e  I.-— Influence of Im purity on the Mechanical 

Properties of Phosphor Bronze.

Good quality . Poor quality .

Per cent. P er cent.
Copper 89.68 87.56
T i n ............................ 9.78 9.3
Lead 0.08 1.53
Iron 0.03 0.23
Zinc Nil 0.98
Phosphorus 0.235 0.117

Physical Properties.

Yield point (tons per
square inch) 9.0 9.26

Maximum load (tons
per square inch) . . 20.2 12.62

Elongation on 2 inch 23.0 5.5
Reduction of area 27.5 6.0

I f  p h o sp h o r b ronze  is  to  he  used  as a  b e a r in g  
m eta l, th e  co m p o sitio n  m ay  h e  q u ite  d iffe re n t 
fro m  t h a t  p rev io u s ly  d escribed . T h is  alloy  owes 
i ts  m e r i t ,  a s  a  b e a r in g  m e ta l, to  th e  p re sen ce  o f 
a h a r d  ske le to n  fram e w o rk  o f p h o sp h o r- tin  w ith  
a  s o f t  filling  of th e  o th e r  c o n s t itu e n ts .  T h e  h a rd e r  
th e  p h o sp h o r- tin  eu te o to id  a n d  th e  so f te r  th e  fill
ing , th e  m ore  effec tive  is  th e  a lloy  as a h e a r in g  
m e ta l ; th e  p h o sp h o ru s c o n te n t  shou ld  th u s  h e  h ig h , 
n o t less th a n  0.5 p e r  c e n t .,  a n d  w ith  a d v a n ta g e  
i t  m ay  be 1 p e r  c e n t.,  a n d  lead  to  th e  e x te n t  of 
6 o r  8 p e r  cen t, should  be in tro d u c e d  d e lib e ra te ly  
to  in c rease  th e  so ftn e ss  of th e  filling.

P h o sp h o r b ronze is in fluenced  p ro fo u n d ly  by  th e  
c a s tin g  te m p e ra tu re ,  as is show n by th e  figu res 
g iven  in  T ab le  I I .

I n  a ll cases w here  d u c ti l ity  o f th e  alloy is of 
im p o rta n ce  th e  te m p e ra tu ro  of c a s tin g  m u s t be 
c a re fu lly  co n tro lled . F o r  b e a r in g  b ushes, how 
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ev er, w ith  w hich a  low coefficient of f r ic t io n  is 
e v e ry th in g  a n d  d u c til ity  of m in o r im p o rta n ce , 
th e r e  is a d is t in c t  a d v a n ta g e  in  c a s tin g  a  m eta l 
som ew hat cold.

Gun Metal.
T h e  A d m ira lty  sp ec ifica tion  is 88 p e r  c en t, 

copper, 10 p e r  cen t, t in ,  a n d  2 p e r  cen t, z inc, w ith  
a m ax im u m  p erm iss ib le  lead  c o n te n t  o f 0.5 p e r 
T a b l e  I I .— The Influence of Casting Temperature on 

Phosphor Bronze.
Cast a t

1,180 
deg. C.

1,110 
deg. C.

1,032 
deg. C.

Yield point (tons per sq. in.) 
Maximum load (tons per

10.2 9.0 1.48

sq. in.) 11.GO 20.2 00.0
Elongation on 2 in. 3.0 23.0 5.4
R eduction of area 3.8 27.5 5.2
c en t. I f  e a s tin g s  a re  to  be su b jec ted  to  an 
e le v a te d  te m p e ra tu re  such  as is en co u n te red  w ith  
f i tt in g s  fo r  su p e rh e a te d  s team , th e re  is no  ques
t io n  of th e  wisdom  of l im itin g  th e  lead  c o n te n t  to  
th e  v a lu e  fixed by th e  A d m ira lty . T he lead  in 
g u n -m e ta l is n o t  d iffused  u n ifo rm ly  th ro u g h o u t 
th e  m ass, b u t  e x is ts  in  th e  fo rm  o f localised  
globules. A t e lev a ted  te m p e ra tu re s  th e  s tre n g th  
o f th e  lead  g lobu les fa lls  to  zero , a n d  th e i r  p resence 
c o n s t itu te s  a n  im p o r ta n t  e le m en t o f  w eakness. I f ,  
h ow ever, th e  g u n -m e ta l is to  be  used  a t  o rd in a ry

T a b l e  I I I .— The Influence of Lead on Admiralty Gun- 
metal.

Lead 
per cent.

Casting 
tem p, 

deg. C.

Y.P.
(tons per 

sq. in.)

M.S. 
(tons per 

sq. in.)
Elong. 

per cent.

0.19 1210 8.8 17.0 14.8
0.88 1215 10.1 17.6 16.8
1.50 1210 9.3 17.6 20.0
1.7 1220 8.2 16.4 13.7

te m p e ra tu re s ,  th e re  is  a  d is t in c t  a d v a n ta g e  in  
ra is in g  th e  lead  c o n te n t  to  1 p e r  c e n t .,  an d  th e re  
is  n o th in g  d e tr im e n ta l  in  em ploying  as m uch a s  
1.5 p e r  c e n t . T h e  in fluence o f lead  on A d m ira lty  
g u n -m e ta l is c learly  shown in T ab le  I I I .
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I t  is c le a r  from  th e  above figu res t h a t  if  th e  
fo u n d e r is to  p ro d u ce  th e  b e s t g u n -m e ta l,  h e  m u st 
know  if i t  is  to  w ith s ta n d  a n  e le v a te d  te m p e ra 
tu r e  o r  if  i t  is to  w ork a t  n o rm a l te m p e ra tu re s .

I n  com m on w ith  m o st a lloys, g u n -m e ta l is  v e ry  
sen sitiv e  to  th e  te m p e ra tu re  a t  w hich i t  is oast. 
I f  th e  m e ta l is too  h ig h  w hen p o u re d , p o rb s ity  is 
a lm ost c e r ta in  to  r e s u l t ;  if  to o  cold , th e  m e ta l 
w ill be  w eak  a n d  u n su ite d  fo r  w ith s ta n d in g  
p re ssu re . F o r  g u n -m e ta l to be sound  a n d  s tro n g , 
i t  is  necessa ry  to  h a v e  th e  in te r la c e d  ty p e  of

F i g . 1 .— S t r u c t u r e  o f  G u n -m e t a l  at

1 00  D i a s ,  t o  b e  A s s o c i a t e d  w i t h  
a  g o o d  M e t a l .

s tru c tu re ,  w hich  c a n  be  sec u re d  on ly  by c a s tin g  a t  
th e  c o rre c t te m p e ra tu re ,  w hich  is  a p p ro x im a te ly  
1,200 deg. C. W hen  p o u re d  a t  th is  te m p e ra tu re ,  
th e  m icroscope shows t h a t  th e  in te r s t ic e s  of th e  
o o p p er-rich  m ass o f  th e  m e ta l a re  filled w ith  sm all 
land-locked  seas of e u te c to id , a n d  th u s  so u ndness 
re su lts . F ig . I  show s th e  s t r u c tu r e  re q u ire d  to  
g iv e  a  s tro n g  m e ta l. I f  p o u red  a t  an  a p p re c ia b ly
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low er te m p e ra tu re ,  th e re  is a qu ick  u n ifo rm  con
t r a c t io n  of th e  m eta l, w hich is  m ore  of a solid 
so lu tio n  on acc o u n t of th e  d iffe re n t c o n s titu e n ts  
n o t  h a v in g  h ad  th e  ch an ce  o f s e p a ra t in g  o u t ,  and  
in te r -c ry s ta l l in e  po res develop a s  m icroscopic holes 
th ro u g h o u t th e  m eta l. I f  g u n -m e ta l is  to  be  sub 
je c te d  to  liq u id  p re ssu re , a n n ea lin g  is of g re a t  
va lue  in  c au s in g  d isp e rsio n  o f th e  e u te c to id  and 
th e  fil'ling-in o f th e  sh r in k a g e  in te rs tic e s  betw een 
th e  e u te c to id  an d  th e  filling.

Brass.
I f  any  cold w ork is  to  he done on o rd in a ry  b ra ss  

c a s tin g s , i t  is d esirab le  to in crease  th e  co p p er
c o n te n t  a n d  to  keep down th e  im p u ritie s , iron , 
lead  a n d  b ism u th , to  very  low values. I f  a  h ig h er 
ten s ile  S tre n g th  is  re q u ire d  th a n  c a n  be secured  
by th e  p la in  6 0 /4 0  m ix tu re ,  th e  7 0 /29  m ix tu re  
w ith  1 p e r  cen t, t in  g iv es good re su lts . I t  has 
to  be rem em b ered  t h a t  t in  is on ly  slig h tly  soluble 
in  7 0 /3 0  b ra ss , an d  th e  a d d itio n  o f m ore th a n  1 
p e r c e n t, is s tro n g ly  to  be d ep reca ted . F u r th e r ,  
i t  is m ost im p o r ta n t  t h a t  a ll c a s tin g s  of th is  alloy
should  be a n n ea le d  ve ry  th o ro u g h ly  if th ey  are
to  have  an y  w ork done on th em . T able  IV
show s th e  in fluence o f a n n ea lin g  on th e  e lo n g a tio n  
an d  u l tim a te  s t re n g th  of n a v a l b ra s s :  —

T a b l e  IV .— Naval Brass (62 : 37 : 1) Annealed for  
30 m ins.

A nneal
ing tem p, 

deg. C.
Method of 

.cooling.

M.S. 
(tons per 

sq. in.)
Elon. 

per cent.

450 Quenched 29.0 19
550 Slowly cooled 28.0 30
550 Quenched t . 28.5 36
700 Slowly cooled 26.6 42
700 Quenched 25.6 50

I f  b rasses c o n ta in in g  a sm all p e rce n ta g e  of t in  
a re  re q u ire d  to  h av e  good te n s ile  p ro p e rtie s , th e  
lead  c o n te n t  should  be r e s tr ic te d  to  a  low value. 
F re q u e n tly , how ever, a lloys o f th is  k in d  a re  speci
fied w ith  th e  e sse n tia l re q u ire m e n ts  t h a t  th ey  sha ll 
be “ free  c u t t in g ,”  have  a  good ap p ea ran c e , and  
be le f t  w ith  a  olean , sm ooth su rfa ce  a f te r  m ach in 
in g . F o r  an y  m eta l to 1 be  “  free  c u t t in g ,”  th e re
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m u st be  a n  absence  o f to u g h n ess  a n d  a  m ark ed  
ten d en cy  fo r  th e  tu r n in g s  to  b re a k  off sh o rt. E x 
c e llen t re su lts  of th is  k in d  a r e  o b ta in e d  by a d d in g  
fro m  1.5 to  2 p e r  c en t, of le a d  to  th e  b ra ss . T h is  
se rves as a n o th e r  s tr ik in g  i l lu s t ra tio n  of th e  im 
p o r ta n c e  of th e  fo u n d e r  b e in g  g iven  th e  e x a c t 
in fo rm a tio n  w ith  r e g a rd  to  th e  m e ta l q u a lity  
re q u ire d .

Castings for Electrical Conductivity.

T h ere  is now q u i te  a  b ig  d e m a n d  fo r  co p p er 
c a s tin g s  fo r  e le c tr ica l w ork  ; th e  e s se n tia l  r e q u ire 
m e n t is h ig h  c o n d u c tiv ity , a n d  m ec h an ic a l s t r e n g th  
is u su a lly  of m in o r im p o rta n c e . T h e  fo u n d e r 
should  th u s  a im  a t  se c u rin g  so u n d  c as tin g s  w ith  
th e  h ig h e s t  possib le e le c tr ic a l c o n d u c tiv ity . Som e 
d eo x id is in g  a g e n t  m u s t  he  em ployed , o th e rw ise  th e  
c a s tin g s  w ould be honeycom bed  w ith  sm all holes. 
B oron is possibly th e  b e s t d e o x id ise r, in  view’ of

T able V.— Influence of Impurities on the Electrical Con
ductivity of Copper Castings.

Added 
elem ent. 
Per cent.

E lectrical con
ductiv ity . 
M athieson 
Standard.

T i n ............................ 0.38 73.0
Zinc 0.35 73.4
Nickel 0.19 79.0
Iron 0.15 59.2
Manganese 0.12 71.0
Silicon 0.18 54.0
Chromium 0.04 91.5
Phosphorus 0.07 63.2
Aluminium 0.08 84.1
Magnesium 0.012 98.7

>» * • • • 0.024 94.0
,, 0.038 89.5

No addition . . — 97.2

i ts  e ffectiveness a n d  a t  th e  sam e tim e  sm all in 
fluence o n  c o n d u c tiv ity . I t  is of v i ta l  im p o rta n c e  
t h a t  a ll im p u r i t ie s  be  e lim in a te d , as even  v ery  
sm all a m o u n ts  h a v e  a n  e x tr a o rd in a ry  e ffec t in  
lo w ering  th e  e le c tr ic a l c o n d u c t iv i ty ; e le c tro ly tic  
co p p er in  a ll cases shou ld  be used . T ab le  V  shows 
th e  effect of im p u ritie s  on th e  e le c tr ica l eonduc- 
t i tv i ty  o f c o p p er cas tin g s .
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A n o th e r ve ry  im p o r ta n t  class of c a s tin g s  fo r 
e le c tr ic a l work is th e  slip  r in g  used  on ro ta ry  con
v e r te r s  an d  o th e r  a l te rn a t in g -c u r re n t  e lec tr ica l 
m ach in ery . The slip  r in g s  a re  used foir conveying 
th e  e lec tr ic  c u r re n t  fro m  th e  w ind ings of th e  
m ac h in e  to  th e  e le c tr ic  cab les and  blocks of 
g ra p h ite  o r  g ra p h ite  a sso c ia ted  w ith  co p p er p ress 
a g a in s t  th e  r in g  u n d e r  th e  a c tio n  o f sp rin g s. The 
d em an d  of th e  e le c tr ica l d e s ig n e r  is t h a t  th e  slip 
r in g  te m p e ra tu re  sh a ll he  as law as possible. T h ere  
a re  two- ten d en c ie s a t  w ork cau s in g  h e a tin g  : th e  
passag e  of th e  c u r r e n t  th ro u g h  th e  r in g  a n d  th e  
fr ic t io n a l  loss be tw een  th e  r in g  a n d  th e  b rushes. 
T h e  idea] m a te r ia l  would th u s  h av e  h ig h  co nduc
t iv i ty  a n d  low fr ic t io n a l  loss. So fa r  no alloy 
h a s  been  p ro d u ced  co m b in in g  th ese  q u a litie s , an d  
a  com prom ise  be tw een  th e  tw o h as to  be m ade . I f  
p u re  co p p er is used, th e  h e a tin g  du e  to  th e  flow 
of c u r re n t  'is sm all, b u t  du e  to  f r ic tio n a l loss, is 
u n d u ly  g r e a t  on  a cco u n t of th e  u n s u ita b i l i ty  o f 
th e  so f t  .m etal to  w ith s ta n d  ab ras io n . I f ,  on  th e  
o th e r  h a n d , a  n icke l-copper a lloy  is u sed , th e  frio- 
tio n a l  loss c a n  be  red u ced  to  a sm all v a lu e , b u t  
due  to  th e  h igh  re s is tan ce , th e  h e a tin g  caused  by 
th e  flow o f th e  c u r re n t  is u n d u ly  g re a t .  P h o sp h o r 
b ronze  is so m etim es specified fo r th is  pu rp o se , and , 
in. fa c t,  i t  is  im p o r ta n t  fo r  th e  fo u n d e r  to  see 
t h a t  i t  is v ery  p u re  in  o rd e r  to  e n su re  h ig h  e le c 
tr ic a l co n d u c tiv ity , an d  t h a t  th e  phosp h o ru s con
t e n t  does n o t  exceed  0.05 p e r  cen t, in  o rd e r  to  
e n su re  t h a t  th e re  is a  m in im u m  of th e  t in -  
p h o sp h o ru s e u te c tic  w hich  would lead  to  u n d u e  
re s is tan c e  loss. A d m ira lty  g u n -m eta l is m ore f re 
q u e n tly  specified  on  acc o u n t of i ts  m ore  fav o u ra b le  
m ic ro -s tru c iu re . L ea d  should  be e lim in a ted  
a lto g e th e r , a n d  th e  zinc should  n o t  exceed th e  
2 p e r  c en t, specified, a n d  p re fe ra b ly  should be 
red u ced  to  1.5 p e r  cen t.

Castings to Withstand High Temperature.
E n g in e e rs  o ften  overlook th e  e x tra o rd in a ry  way 

in  which som e n o n -fe rro u s  a lloys lose th e i r  s tre n g th  
w hen su b je c ted  to  even sm all in creases of te m 
p e ra tu re .  M ost b rasses h av e  less th a n  o n e-h alf 
th e i r  o r ig in a l s tre n g th  if  h e a te d  to  350 deg. C., 
an d  a t  450 deg. C. th e  ten s ile  s t re n g th  has fa llen  
to  o n e -e ig h th  th e  n o rm al value . T ab le  V I  shows
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th e  re la tio n s h ip  betw een  te m p e ra tu re  a n d  s t r e n g th  
of some of th e  b e tte r-k n o w n  a llo y s : —
T able VI.— Relationship between Temperature and Strength 

of some Non-ferrous Alloys.

Alloy.
U.S. (tons per sq. in.)

200 
deg. C.

250 
deg. C.

350 
deg. C.

450 
deg. C.

Muntz m etal 31.6 23.1 12.7 3.9
Cast manganese 

brass 33.1 23.2 12.8 4.2
Drawn manganese 

brass 35.1 23.1 12.2 2.8
D elta m etal, 4 E. 23.1 28.4 19.1 17.5
Cast gunm etal 16.1 15.2 10.1 5.4
Cast phosphor 

bronze 15.3 14.8 10.9 10.2
Nickel copper 16.7 13.3 11.6 11.1
Monel m etal 39.2 36.1 35.8 31.3

T h e  a lu m in iu m  a lloy  p is to n  fo r  in te rn a l-c o m - 
b u s tio n  en g in es well i l lu s tra te s  th e  im p o r ta n c e  o f 
th e  fo u n d e r  k n o w in g  th e  use  to  w hich  th e  c a s tin g s  
will be p u t .  An a lu m in iu m  a llo y  is  n o t  u sed  fo r  
p is to n s , p u re ly  on  a cc o u n t o f  i t s  low w e ig h t;  in 
fa c t,  fo r th e  m ed iu m -sp eed  m o to r-c a r  e n g in e , th e  
g r e a te r  w e igh t of o a s t iro n  in  i ts e lf  is a n  a d v a n 
ta g e , a lth o u g h  su ch  is n o t  th e  case  fo r  v e ry  h ig h 
speed en g in es o f  th e  ty p e  used  on ra c in g  c a rs  a n d  
aero p lan es. T h e  m o st im p o r ta n t  re a so n  fo r  u s in g  
a lu m in iu m  p is to n s , ho w ev er, is th e  b e t te r  h e a t  
c o n d u c tiv ity  a s  co m p ared  w ith  c a s t  iro n . I f  th e  
c o rre c t  a lloy  is  u sed , i t  is  possib le  fo r  th e  h e a t  
c o n d u c tiv ity  to  h a v e  o v e r  double  th e  v a lu e  of t h a t  
is v e ry  ra p id  fa lling -o ff in  s t r e n g th  w ith  in c re ase  
o f te m p e ra tu re ,  b u t  spec ia l a llo y s h a v e  now  b een  
p ro d u ced  w hich r e ta in  a  f a ir  m ea su re  o f s tre n g th  
a t  th e  w ork ing  te m p e ra tu re .  A n o th e r  im p o r ta n t  
o f c a s t  iro n . W ith  m ost a lu m in iu m  alloys th e re  
f e a tu re  of a lloys fo r  th is  p u rp o se  is t h a t  th e  
th e rm a l ex p an s io n  sha ll be  as low as possible.
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Sheffield, Birmingham and 
Coventry Branches.

THE CYLINDER PROBLEM.* 

By O. Smalley, Member.
T h e  scope of th is  P a p e r  is confined to  th e  cause 

a n d  e lim in a tio n  o f th e  com m oner d e fec ts encoun
te re d  in  th e  m a n u fa c tu re  o f  cy lin d e r cas tin g s. Of 
th e  p roblem s c o n fro n tin g  th e  e n g in eer an d  th e  
fo u n d ry  to -d ay , th e  m a n u fa c tu re  of sound  cy lin d ers  
a n d  c y lin d rica l c a s tin g s  is possibly th e  m ost 
in ten se . F a u l ty  cy lin d e rs  a re  responsib le  fo r  th e  
h e a v ie s t losses in  b o th  th e  fo u n d ry  an d  th e  m achine 
shop, a n d  m an y  fo u n d ries  have  been financia lly  
em b arrassed  in  a tte m p tin g  m a n u fa c tu re . A t th e  
p re se n t t im e  th e  n u m b e r cap a b le  o f p ro d u c in g  
sound  c y lin d rica l c as tin g s  is v ery  lim ited .

T o a t t e m p t  to  a r r iv e  a t  th e  basic p rin c ip les  
e sse n tia l to  th e  p ro d u c tio n  o f sound  cy lin d e r c a s t
ings is dep lo rab ly  d ifficu lt; pub lished  l i te r a tu re  
o ilers l i t t le  o r no  so lu tio n , a n d  p re se n ts  such an 
o verw helm ing  m ass o f conflic ting  d a ta  t h a t  one 
m ig h t be  excused in  re g a rd in g  th e i r  m a n u fa c tu re  
as a  som ew hat hopeless process. D iscuss a  fa ilu re  
w ith  a  sk illed  m o u ld er, an d  you find e ith e r  th a t  
he  is n o t  re sponsib le  fo r  th e  defec t, o r  t h a t  h is 
is an  a r t  t h a t  has accu m u la ted  so m an y  t r a d i t io n s  
t h a t  th e  p o ss ib ility  of o b ta in in g  a  sound  c as tin g  
is d e p e n d e n t upon  e ith e r  h is p a s t  ex p erien ce  or 
chance. So o ld  is h is a r t ,  a n d  so s a tu ra te d  is th e  
m o u ld er by h is  beliefs a n d  o p in io n s u n su p p o rted  
by an y  a c tu a l  p roo f, a n d  so deep-roo ted  is h is 
co n se rv a tism , t h a t  science o r any  in n o v a tio n  is 
deeply  re sen te d . I t  is a  r a re  th in g  to  find a 
sk illed  a r tis a n  who h as an y  knowdedge of n a tu ra l  
science o r  who u n d e rs ta n d s  th e  fu n d a m e n ta ls  of 
his a r t .

* A Paper read before th e  Sheffield, Birmingham and Coventry  
Branches of the'Institute and also the North East Coast Institution  
of Engineers and Shipbuilders.
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^  T h is  is th e  can cer a t  th e  ro o t of th e  cy lin d e r 
prob lem . The u n e n v ia b le  p o sitio n  of th e  fo u n d ry - 
m an  to -d ay  becom es m ore  e m b a rra ss in g  w ith  th e  
re s tr ic tio n  o f h is  re sp o n sib ilitie s . T h e  c o n s tru c 
tio n  o f th e  cores o r  o f  th e  m ou ld  is be in g  s p li t  up  
in to  tw o tra d e s ,  th e  m o u ld er a n d  th e  co re-m ak er. 
They h a v e  l i t t le  or no voice in  th e  se lec tion  o f th e ir  
raw  m a te r ia ls ,  w h ils t th e  m eth o d  o f r u n n in g  th e  
c a s tin g  a n d  th e  m e ltin g  of th e  m e ta l is o u t  of th e ir  
p rov ince . I n  m an y  in s ta n c e s  th e  w ork  o f th e  
sk illed  a r t is a n  resolves its e lf  in to  p u re ly  m ec h an i
cal lab o u r, b u t , c a r ry in g  th e  t r a d i t io n s  o f  th e i r  
t r a d e ,  th e y  a re  ab le  to  bew ilder th o se  u n in it ia te d  
in  th e ir  a r t .  I n  som e in s tan ces , p a r t ic u la r ly  in  
loam  m o u ld in g , w here  th e  m o u ld er sk e tch es o u t 
h is  ow n s tr ic k le  p la te s  a n d  g rid s , a n d  p e rh a p s  
c o n s tru c ts  h is  own p a t t e r n ,  a  m o re  in t r ic a te  
know ledge o f h is  raw  m a te r ia ls  a n d  th e  c o n s tru c 
tio n  of th e  m o u ld  is e sse n tia l. C o n sid e rin g  th e  
e q u ip m e n t em ployed by such  m en , a n d  th e  class 
of w ork  th e y  tu r n  o u t ,  o ne  c a n n o t  b u t fee l a  deep  
re sp e c t fo r  th e i r  sk ill. T h ey  re p re s e n t  th e  b ack 
bone of th e  fo u n d ry  in d u s try .

T h e  m a n u fa c tu re  o f cy lin d e rs  is d iv id ed  in to  
th re e  d is t in c t  o p e r a t io n s :— (1) P r e p a ra t io n  of 
m ould  a n d  cores. (2) M e ltin g  o f th e  m eta l.
(3) P o u rin g . T he m a te r ia ls  u sed  in  th e  c o n s tru c 
tio n  o f th e  m ou ld  com prise  m o u ld in g  a n d  loam  
san d s, fa c in g  m a te ria ls ,  a n d  th e  n ecessa ry  tac k le  
to  c o n ta in  th e  san d s an d  g iv e  i t  th e  s u p p o r t  a n d  
sufficient s t re n g th  to  w ith s ta n d  th e  te m p e ra tu re  
an d  p re ssu re  of th e  m o lten  m e ta l.

T h e  p r in c ip a l  d e fec ts  d ire c tly  a t t r ib u ta b le  to  th e  
m ould  a n d  core a r e : S cab b in g  a n d  flak in g , b u ck 
ling , blow-holes, open g ra in ,  m ech an ica l w eakness.

(1) S ca b b in g  a n d  F la k in g .— T h is re su lts  from  
in c o rre c t v e n tin g , in c a p a c ity  o f  th e  m o u ld  to  
w ith s ta n d  th e  flow o f h o t m o lten  m eta l, in co rre c t 
d ry in g , low bond  v a lu e  a n d  poor r e f ra c to ry  p ro 
p e r tie s , all o f w hich a re  tra c e d  e i th e r  to  th e  use 
o f in fe r io r  san d  o r to  care less m o u ld ing .

(2) B u c k lin g .— D ue to  th e  use  of too  fine sand 
o r loam , in co rre c tly  p re p a re d  sa n d , to o  ra p id  
d ry in g , m eth o d  of c o n s tru c tio n  of m o u ld , too 
ra p id  ru n n in g  o r b e a tin g  of th e  m eta l in  one 
place.
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(3) B low -holes .— D ue to  in co rre c t v e n tin g , c a re 
less p re p a ra tio n  of th e  san d , in co rre c t d ry in g , 
p a tc h in g  u p , r u s t  o r  m o is tu re  fro m  chills o r  
c h ap le ts  a n d  m eth o d  of ru n n in g .

(4) Open G ra in .— Too w arm  m ould o r oore, low 
h e a t  co n d u c tiv ity  of th e  m ou ld in g  san d , m ethod  
of ru n n in g ,

(5) M echanica l TVeahness.— U se o f w rongly 
d esigned  c h ap le ts , in co rre c t a d ju s tm e n t  of r a te  of 
cooling  a t  c h an g e  o f sec tion , c a s tin g  of ¡blocks o f 
m e ta l in  heavy  p o rtio n s  to  u n ify  r a te  o f solidifi
c a tio n .

Raw Materials.
M o u ld in g  S a n d .— I n  g e n e ra l e n g in e e rin g  p ra c 

tic e  i t  is cu sto m ary  to  p u rc h ase  raw  m a te ria ls  to  
a  r ig id  specification  su itab le  to  re q u ire m e n ts . In  
th e  fo u n d ry  th e  p re v a ilin g  custom , in  G re a t 
B r i ta in  a t  le a s t, is to  o rd e r  th e  sam e as before , 
o r, in  th e  case o f san d s, to  t e s t  by  feel and  by 
bond, g r ip p in g  a  h a n d fu l  a n d  b re ak in g  a n d  
ex am in in g  th e  f r a c tu r e  by  eye. I t  is w ith  th e  
g re a te s t  re lu c ta n c e  t h a t  th e  fo u n d ry m an  will 
ch an g e  h is  raw  m a te ria ls  if  th o se  in  use a re  g iv in g  
sa tis fa c tio n , w h ilst th e  p o te n tia l  a d v an tag e s  to  be 
g a in e d  fro m  a  new  m a te r ia l  would be difficult to  
e s tim a te  ow ing to  th e  n u m ero u s  u n co n tro lled  
v a riab le s  invo lved  elsew here.

T h e  re q u ire m e n ts  of a  sa tis fa c to ry  m ould  and  
core a re  t h a t  i t  sha ll fo rm  a  s t ru c tu re  s tro n g  
enough  to  h an d le , re s is t  th e  te m p e ra tu re ,  flu x in g  
ac tio n  a n d  p re ssu re  of th e  m olten  m eta l, y e t  a t  
th e  sam e tim e  p e rm it  o f  a  free  p a ssag e  o f th e  gas 
g e n e ra te d  in  th e  m ould  a n d  g ive to  a  c o n tra c tio n  
of m e ta l, a n d  y ie ld  sm ooth  a n d  w ell-finished 
cas tin g s.

T h e  fo llow ing  is a n  e n d eav o u r to  fo rm u la te  th e  
e sse n tia l p ro p e rtie s  re q u ire d  of m o u ld in g  sands 
fo r  c y lin d e r c a s t in g s :—B ond , p e rm e ab ility , r e fra c 
to rin ess , te x tu re ,  longev ity , h e a t  c o n d u c tiv ity , and  
w a te r  co n ten t.

B o n d .— T his is a m easu re  o f th e  cohesion of th e  
san d  p a r tic le s  a f te r  p ressin g  to g e th e r  in  e ith e r  th e  
g re en  s ta te  o r  a f te r  b a k in g . I t  is b e st m easu red  
by m eans o f th e  tran sv e rse  te s t.  T he te s t  b a r  
is m ade  in  a skeleton  core-box 8 x 1 x 1 in . The 
san d  is g e n tly  ram m ed  u p  on  a  f la t  steel p la te , 
a n d  a n y  excess is c a re fu lly  rem oved. T he core
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box rem oved , tile  te s t  p iece  is d r ie d  a n d  bak ed  
a t  400 deg . F a h .  (205 deg . C .) f o r  tw o h o u rs  an d  
b ro k en  o v e r 4-in . c en tres .

l'ermeability.— T h is is  th e  p ro p e r ty  o f a llow ing  
th e  gases to  pass th ro u g h  p o re  spaces. T he p r in 
cip le o f th e  a p p a ra tu s  is to  d e te rm in e  th e  t im e  
in  seconds to  d raw  a  know n q u a n ti ty  o f a i r  th ro u g h  
a u n i t  m ass o f  sa n d . T he te s t  p iece  u sed  is  in . 
lo n g  bv  1 in . d ia . T h is is m o u ld ed  in  a  su ita b le  
core-box, a i r  d r ie d  a n d  g e n tly  h e a te d  to  400 deg . 
F a h .  a n d  b a k ed  fo r  tw o  h o u rs  a t  th is  te m p e ra tu re .  
W h en  cool i t  is im m ersed  in  a m ix tu re  o f s te a r ic  
ac id  a n d  p a raffin  w ax  j u s t  m o lten . Two ra p id  
im m ersions a re  recom m ended , a llow ing  th e  f irs t  
to  h a rd e n  b e fo re  d ip p in g  a  second  tim e . W h en  
th e  second co a t h a s  se t  h a rd ,  th e  b o tto m  ¿-in . 
is rem oved . T h e  t e s t  p iece  is  se t  in  a  g lass 
fu n n e l w ith  p la s tic  w ax  a n d  m o lten  w ax  r u n  in . 
W h en  firm ly se t, th e  to p  o f th e  te s t  p iece  is c u t  
open  w ith  a  spec ia lly  sh a p e d  too l. T h e  fu n n e l is 
co n n ec ted  to  an  a s p ir a to r  o f  600 c .cm . c a p a c ity , 
filled w ith  w a te r  a n d  th e  t im e  ta k e n  t o  e m p ty  in  
seconds is  reco rd ed  as th e  “  p e rm e a b ility  ”  figu re , 
i .e .,  i t  is th e  t im e  ta k e n  to  d ra w  600 c .cm . o f a i r  
th ro u g h  th e  t e s t  p iece.

B e fra e to r in e s s .— T h is is b e s t d e te rm in e d  by 
h e a tin g  5 g ra m s  of th e  d r ie d  san d  in  a n  e le c tr ic  
ca rb o n -re s is tan ce  tu b e  fu rn a c e  fo r  30 m in u te s  a t  
1.200 deg. C ., a n d  th e n  e x a m in in g  u n d e r  a  h a n d  
g lass  o r  low -pow ered m icroscope. S a n d s  show ing  
an y  signs o f fu s io n  o r  f r i t t i n g  shou ld  be  re je c te d .

T e x tu r e  is d e te rm in e d  b y  a sim p le  m ech an ica l 
g ra d in g  u s in g  a  se t o f sieves, in c lu d in g  a  n u m b er 
20, 30, 60, 90, 100, 120 a n d  200 w ith  p u n ch ed  
ro u n d  holes.

B e a t  C o n d u c tiv ity .— T h is p ro p e rty  is  closely 
a ssoc ia ted  w ith  g ra in  size an d  th e  p re ssu re  a p p lied  
in  ram m in g . T h e  sm a lle r  th e  g ra in  a n d  th e  m ore  
co m p actly  lam m ed , th e  m o re  ra p id  th e  e x tr a c t io n  
o f h e a t  from  th e  m e ta l. I t  is a  p ro p e rty  on  w hich 
l i t t le  sy s te m atic  in v e s tig a tio n  h a s  been  p u b lish ed .

H a t e r  C o n te n t.— T h e  unco m b in ed  w a te r  is 
d e te rm in e d  on  10  g ra m s d ry in g  fo r  fo u r  h o u rs  a t  
110 deg . C.

Practical Interpretation.
T ab le  I  d e ta ils  th e  p ro p e rtie s  of th r e e  well- 

know n san d s o f d iffe re n t geological c h a ra c te r is tic s ,
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as rece ived  from  th e  m in e  a n d  a f te r  m illin g  five 
m in u te s . T hese  a re  se lf-ex p lan a to ry  of th e  im p o r
ta n c e  of s t r ic t  c o n tro l a t  th e  m ill.

B elg ia n  Y e llo w .— A h ig h ly  re fra c to ry  open  san d  
of good bond, w hich is n o t a p p rec ia b ly  affec ted  by 
a  l ig h t  m illing .

B irm ingham , C em e te ry  S a n d .— W ell-know n red  
sand . W h en  lig h tly  m illed , i t  is  s tre n g th e n e d  
w ith o u t se rio u sly  a ffec tin g  th e  p e rm e a b ility  figu re . 
O w ing  to  i ts  n a tu r e ,  how ever, over-m illing  shou ld  
be s tu d io u sly  avo ided , because  th e  san d  re a d ily  
d is in te g ra te s , a n d  a lth o u g h  acco m p an ied  b y  a n  
in c re ase  in  s t r e n g th ,  th e r e  is a m ark e d  fa ll in  th e  
p e rm e ab ility .

B e n to n .— A n open  re d  san d , h ig h ly  su ita b le  fo r 
c y lin d e r w ork. I t  w ill be observed t h a t  m illin g  
does n o t  d is in te g ra te  as in  th e  case  o f B irm in g 
h am  C em etery  S an d , b u t  u n lik e  B e lg ian  Yellow, 
its  v a lu e  is im p ro v ed  by a l ig h t  m illin g .

G reen S a n d .— I n  m o d ern  fo u n d ry  p ra c tic e  g reen  
sand  m o u ld in g  is a  lo s t a r t ,  a n d  fo r  cy lin d e r 
c a s tin g s  d ry  san d  m oulds a re  a lm o st u n iv e rsa l. 
On th e  C o n tin e n t  a n d  in  A m erica  au to m o b ile  
cy lin d ers a re  m ad e  in  g re en  sa n d  m oulds, b u t  th e  
co n to u r of th e  c a s tin g s  is fo rm ed  from  a se ries  o f 
h a rd -b a k e d  cores, a p ra c tic e  w hich can  scarcely  
be s ty led  “ g re en  san d  m o u ld in g .”

I f  we a re  to  re v iv e  th is  b ra n ch  of th e  in d u s try , 
w hich is e ssen tia l if  m o u ld in g  costs a re  to  be 
red u ced  u n d e r  p re se n t econom ic co n d itio n s, e ith e r  
m ore m en  m u st be t r a in e d  as g re en  san d  m o u lders 
o r a  “  san d  ”  m u s t be fo u n d  w hich  is “  fool
p ro o f ”  an d  does n o t  re q u ire  th e  in d iv id u a l sk ill 
of th e  t r a in e d  m o u lder. H ig h  cost of lab o u r  an d  
m ass p ro d u c tio n  m il i ta te  a g a in s t  th e  re v iv a l o f th e  
h ig h ly  sk illed  a r tis a n .  A g re en  sa n d  m ou ld , m ad e  
by u n sk illed  lab o u r, th e re fo re , m u s t h a v e  th e  
p ro p e rtie s  o f a  d ry  san d  m o u ld ; i t  m u s t  be  h a rd  
an d  com pact so t h a t  c ru sh in g  a n d  erosion  by th e  
h o t m e ta l a re  a v o id e d ; i t  m u s t be r ig id  a n d  re s is t  
th e  ex p an s io n  of th e  so lid ify in g  m e ta l, be  free ly  
v e n tin g  a n d  hav e  a low m o is tu re  c o n te n t.

I n  n o rm al p ra c tic e  th e  bond  v a lu e  o f g re en  
san d , m easu red  by th e  d ro p p in g  te s t ,  v a rie s  
betw een  I f  to  2|  in .,  th e  p e rm e a b ility  to  gas 
60 to  100 sec., a n d  th e  w a te r  c o n te n t  6 to  7 p e r  cen t.

I n  th e  old d ays th is  san d  w as p re p a re d  by th e
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m o u ld er h im self, who was u su a lly  a m an of long 
experien ce . T he m odern  ten d en cy  is to  confine 
th e  m o u ld e r’s tim e  to  m o u ld in g ; san d  p re p a ra tio n  
is considered  o u t  of h is sph ere . I f  p rep a red  with, 
a n  u n d ers ta n d in g  o f  th e  rea l re q u irem en ts  o f the  
sand , cen tra lised  sand  p rep a ra tio n  is a s tep  in  
the r ig h t d irec tio n . I f  done fo r th e  pu rp o ses of 
econom y, p lac in g  in  th e  h a n d s  o f u n sk illed  lab o u r 
— w hich is th e  com m on p ra c tic e  of to -d ay — green  
san d  m ou ld in g  w ill a lw ays he  th e  u n c e r ta in  a r t  
i t  is to -d ay , an d  a  costly  m eth o d  of m ak in g  
cas tin g s.

G iven a  san d  of h ig h e r  bond va lue  th a n  is 
av e rag e , o r  ra m m in g  b r ic k  h a rd , th e  m o u ld er fe a rs  
b low ing  o r  scabb ing , such sa n d  in  th e  p a s t  h a v in g  
been p ro v ed  to  be dense  a n d  im p erm eab le  to  gas. 
In  th e  e a rly  s tag es  of developm en t of a  “  sy n th e tic  
g re en  san d  ” w hich w ould e lim in a te  d ry  sand  
m oulds, th e  d ro p p in g  te s t  a im ed  fo r w as 3 |  to  
4 i n . ; t h a t  is an  exceed ing ly  s tro n g  an d  to u g h  
san d , w a te r  c o n te n t  4 to  5 p e r  cen t, a n d  p e r
m ea b ility  figu re  50 seconds’. A  g reen  sa n d  core 
8 x 1 x 1 in . could be h an d led  w ith  ease  in  th is  
san d , an d  i t  w as m ore  free ly  v e n tin g  th a n  th e  
o rd in a ry  g re en  sand , w hich c rum bles to  th e  to u ch .

T he firs t te s ts  w ere c an n e d  o u t on 100 valve 
bodies, a  design  w hich h ad  g iven  tro u b le  when 
p rev iously  m ad e  in  g reen  sand . M ould ing  was 
done, tw o  in  a box, on  a jo lt  ra m  m ach ine. The  
tim e  o f m o u ld in g  was reduced  40 p er cen t. The 
m oulds w ere w ell-finished, s tro n g  and  rig id . 
T o u ch in g  up  a n d  sleek ing  w ere unnecessary . 
W hen  th e  m o u ld er w as req u ested  n o t  to  u se  a 
v e n t w ire  fo r a rtif ic ia l v e n tin g , d o u b t w as cast 
u pon  th e  s a n ity  of th e  p ro jec t. T his b a tch  of 
c a s tin g s  cam e o u t  so successfully  t h a t  i t  a t  once 
estab lish ed  th e  v a lu e  of sand te s tin g  to  th e  
u n tu to re d  m ind and  achieved th e  o rig in a l ob jec t, 
v iz ., to  produce a green sand m ould  by u n sk illed  
labour equal to a n d  as foo lproo f as a d ry  sand  
m ould .

T h e  effect of w a te r  in  th e  d am p en in g  down o r 
te m p e rin g  of th e  m ou ld ing  sand , an d  th e  effect 
o f  ra m m in g  on th e  v e n tin g  pow er, a re  shown in 
T ables I I  an d  I I I  respec tive ly . Table I I  shows 
th e  effect of v a ry in g  p e rcen tag es  of w a te r  on th e  
v e n tin g  p ro p e rtie s  of M ansfield and  E r i th  Loam
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w hen m ade  in to  d ry  san d  m o u ld s / T ab le  I I I  
d e ta ils  th e  effect o f ra m m in g  on th e  v e n tin g  q u a li
t ie s  o f th o  sam e tw o san d s. T hese  tab le s  dem o n 
s t r a te  th e  necessity  of r ig id  c o n tro l o f  th e  w a te r  
c o n te n t, an d  show th a t ,  if  i t  is u n d e r  c o n tro l

Table I I .— The Effect o f Varying Percentages of Water on 
the Permeability of Mansfield Sand and Erith Loam when 
made into Dry Sand Moulds.

Percentage
Sand. of H ,0 Permea bilit y

Mansfield 3 48 secs.
9 1 '  * 6.71 48 „
11 * * 13 110 „

E rith  Loam 6 47 „
99 12 80 „
99 15 82 „
9 9  * • 25 216 „

T a b l e  I I I — The _Effect of Ramming on the Venting 
Qualities of M ansfield^and  and Erith Loam for Dry Sand  

Moulds.
Perm e
a b ility

Sand. Ramming. Percentage figure in
of w ater. seconds. 

Mansfield . .  L ight . .  6.7 41
Norm al ' „ 48
H eavy ,, 61

E rith  Loam . .  L ight . .  11.2 Too friable
to  tes t.

Norm al ,, 85
H eavy . .  „  110

an d  d ue  c a re  has b een  ex erc ised  in  th e  se lec tion  
a n d  in  th e  p re p a ra tio n  of th e  san d  in  th e  f irs t 
p lace, th e  v e n tin g  pow er is n o t  m a te r ia lly  a ffected  
by excessive ra m m in g .

Loam.
L oam s m ay  be p laced  in  th re e  g e n e ra l c a te 

g o ries : — (1) B u ild in g  lo a m s ; (2) m o u ld  loam s, a n d
(3) core loam s.

E ach  is a  c layey  san d  m illed  w ith  floor sa n d  to  
a  s lu r ry  c o n ta in in g  20 to  25 p e r  c e n t,  w a te r , 
opened  bv  m ean s of sea-sand , coke, ashes, saw d u s t, 
cow -hair o r h o rse -d u n g .

- T he com m onest tro u b le s  w ith  loam  m oulds a n d  
cores a re  flak in g  of th e  face  on d ry in g  o r  o n
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c a s tin g , scabbing  o r b u ck lin g , blow ing, c o n tra c 
tio n  c rack s, too  h ig h  bond.

T he e sse n tia l p ro p e rt ie s  re q u ire d  o f loam  a r e : 
(1) Low sh r in k a g e  o n  d ry in g ;  (2) s t r e n g th ;  (3) 
p o ro sity  ; (4) p e rm e a b i l i ty ; (5) re f r a c to r in e s s ; and
(6) p ro p e rty  of ru b b in g . T h e  fu n d a m e n ta l 
im p o rta n c e  o f th ese  a n d  th e  p rec ise  c o n tro l in  th e  
p re p a ra t io n  of loam  sh o u ld  be p a te n t  to  a ll, and  
y e t  i t  is no  uncom m on p ra c tic e  to  have  loam  p re 
p a re d  as a  b u ild e r  does h is  m o r ta r .  T ab le  IY  
shows th e  effect o f  m illin g  on th e  s tre n g th ,  p e r 
m e a b ili ty  to  g as a n d  volum e changes, o f  one of 
th e  m ost com m only used  loam s, v iz ., E r i th .  I t  
shows t h a t  l i t t le  m echan ical a c tio n  is  necessary

T able IY .—Effect of M illing Erith Loam.
T rans Volume

/  \ verse Perm e changes
W ater. strength ab ility after

Time. con baked to  gas baking a t
ten t. 4 hours in 400 F.

a t secs. 4 hours.
400"E.

Tem pered over 21.9 276 730 4.47
night.

H and nulled 23 492 927 6.62
Milled 5 mins. 22.8 547 1,700 7.67

„  15 „ 21.9 579 1,945 8.25
„  30 „ 22.7 604 2,528 8.43

to  o b ta in  th e d esired co m b in a tio n  of p ro p e rtie s
a n d  th a t  h a n d  m illin g  a lm ost doubles th e  s t re n g th . 
In  o rd in a ry  p ra c tic e , m echan ical m illin g  fo r  five 
m in u te s  g ives th e  b e s t co m b in a tio n  of s t re n g th  and  
p e rm e ab ility , a n y  lo n g er tim e  th a n  th is  m erely 
g r in d s  th e  loam  in to  a finer s ta te  of d iv is io n , 
red u ces th e  p e rm e a b ility  to  gas, increases th e  con
t r a c t io n  o n  d ry in g , a n d  re n d e rs  i t  m ore su itab le  
fo r  u se  as a  cem en t th a n  a  fo u n d ry  loam .

T able  V  d e ta i ls  th e  effect of v a ry in g  th e  p e r
c e n ta g e  of w a te r  o n  th e  p h y sica l c h a ra c te ris tic s  
o f  loam . I t  d e m o n s tra te s  b ro ad ly  th e  p rogressive  
e ffec t o f  in c re a s in g  q u a n ti t ie s  o f w a te r , an d  
em p h asises  th e  h ig h  im p o rta n c e  of i ts  a cc u ra te  
co n tro l.

E ffe c t o f  R a te  o f  D r y in g .— T h a t  th e  e lim in a tio n  
of 20 to  25 p e r  c en t, o f w a te r  from  a loam  m ust 
be co n d u c ted  w ith  consid erab le  c a re  an d  w ith o u t



u n d u e  h a s te  is q u ite  e v id e n t fro m  th e  vo lum e 
c iiange figu res g iv en  in  T ab le  V . I t  is a n  e v e ry 
d ay  p ra c tic e , how ever, to  find a  m o u ld e r d is re g a rd 
in g  th e se  p re c a u tio n s . H e  w ill sw eep a  job  a n d  
h a v e  i t  in  th e  s to v e  w ith in  a  few  h o u rs , a n d  y e t

Table V.—Effect of Varying Percentages of Water on the 
Physical Characteristics of Erith Loam.

P er cent. Trans- Perm e Volume
Treatm ent. water. verse. ability . change.

Milled 5 mins. 11.4 148 72 1.3
W ater added and 19.8 530 690 6.62

milled 2 mins.
W ater added and 21.5 650 2,200 8.31

milled 2 mins.
W ater added and 28.97 448 1,095 8.67

milled 2 mins.

is su rp r ise d  to  find  i t  b ad ly  c rac k ed  o r flaked , o r 
l if te d  bodily  fro m  i ts  b r ick s  o r  p la te .  O fte n  th is  
is sca rce ly  d iscern ib le  a n d  d ifficult to  d e te c t ,  b u t  
no  m a t te r  how  s lig h t, t h e  r e s u l t  is  a  bu ck led  
c a s tin g .

Construction of Moulds and Cores.
In  th is  P a p e r  i t  is im possib le  to  t r e a t  fu lly  th e  

d e fec ts  re su ltin g  from  w rong  c o n s tru c tio n  o f th e  
m ould  o r  cores. S ta r t in g  fro m  a  b asis, how ever, 
t h a t  th e  p h y sica l c h a ra c te r is tic s  of th e  sa n d s  used  
a re  know n a n d  a re  u n d e r  c o n tro l, a n d  t h a t  th e  
m o u ld e r possesses a n  e le m e n ta ry  know ledge  o f 
physics, m echan ics a n d  so u n d  p r a c t ic a l  sense , th e  
com m oner d e fe c ts  such  a s  scab b in g , f lak in g , b u c k 
lin g , blow-holes, sh r in k  h o les a n d  d ra w s  w ill be 
g re a t ly  e lim in a te d , a n d  th e  c o n s tru c tio n  of th e  
m ould  will len d  its e lf  to  s ta n d a rd is a t io n .

F o r  th e  p u rp o se  of th is  P a p e r ,  w e w ill co n sid er 
th e  c o n s tru c tio n  o f a  la rg e  l .p .  m arin e -e n g in e  
s te am  c y lin d e r. F ig s . 1 to  6 show th e  co res a n d  
m eth o d  o f  c o n s tru c tio n  of a c y lin d e r  w ith  a  d ish ed  
crow n w eig h in g  23 to n s. T h e  p a t t e r n  co n sis ted  

-of a  few  sim ple  s trick le s , sk e le to n  core-boxes and  
th e  necessary  wood t r a p p in g s .  T h e  m o u ld  w as 
m ade  in  sa n d , th e  co res in  loam . T h is  com plex 
s t r u c tu r e  w as e re c te d  w ith  l i t t le  o r  no  know ledge 
of th e  p ro p e rtie s  of th e  ra w  m a te r ia ls  u sed , o r 
o f th e  s tre n g th  an d  r ig id i ty  o f th e  cores. Y e t i t  
h a d  to  w ith s ta n d  th e  s t r a in  a n d  s tre s s  o f 23 to n s
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gases m u s t pass free ly  th ro u g h  th e  T en ts a rra n g e d  
fo r  th em . N e ith e r  th e  sand  n o r loam  m u s t spa ll, 
no:' m u st th e  m e ta l w ash aw ay an y  co rn er o r  
d e ta ils  of e ith e r  m ould o r core. S u ffe rin g  m ass 
in fluence, an d  u n d e rg o in g  a  chem ical change
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F i g . 2.

F i g .  3 . F i g . 5 .

of chem ical ac tio n  in  th e  m e ta l d u r in g  so lid i
fication .

The m ould  fo r such a  c a s tin g  in  i ts  d e ta ils  an d  
co m p lica tio n s calls fo r th e  sc ience  a n d  u n d e rs ta n d 
ing  of an y  m ech an ica l c o n s tru c tio n  of th e  
en g in e er. Y e t th e  f a te  of such c a s tin g s  h a n g s

u n til  com plete ly  so lid , u n ifo rm  free z in g  co nd i
tio n s  m u s t be so u g h t, co m p en sa tio n s m ad e  fo r 
b o th  liq u id  e x p an s io n , liq u id  c o n tra c t io n  a n d  solid  
c o n tra c t io n — w hich m ay o p e ra te  a t  th e  sam e tim e  
— a n d  a r ra n g e m e n ts  m ad e  to  rem ove th e  p ro d u c ts
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upon  th e  u n c e r ta in  know ledge th a t  c e r ta in  iron  
an d  b rick  su p p o rts , an d  c e r ta in  san d  m ix tu re s  
m ig h t h a v e  p ro v ed  su itab le  fo r a s im ila r  ty p e  of 
c a s tin g  in  th e  p a s t .  T h a t good c a s tin g s  a re  s till  
b e in g  p ro d u ced  from  such  em p irica l d a ta  is

P o c t  C o r e

MA»iHoie C a g e

F i g . 4 .

re m a rk ab le , a n d  speak s h igh ly  fo r  th e  sk ill of 
m ou lders who a re  ab le  to  m ak e  th ese  c a s tin g s  
com m ercially . A t th e  sam e tim e , v ery  few 
m an a g e rs  o r  fo rem en  will g u a ra n te e  th e ir  cast
ings, an d  th e i r  successive em ergence  from  one 
fo u n d ry  to  a n o th e r  is very  d isco u rag in g .
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T he cy lin d e r u n d e r  co n s id e ra tio n  w as c a s t crow n 
u p . T he f irs t cy lin d e r was lo st th ro u g h  th e  
b a rre l  core b u ck lin g  a n d  a  p a r t  o f th e  crow n 
b re a k in g  aw ay . T he d ia g ra m  o f th e  b a rre l  co re , 
F ig . 1 , shows th e  d ifficu lties of c o n s tru c tio n  a n d  
o f ru n n in g  th e  m e ta l so as to  p re v e n t  th e  b re a k 
in g  aw ay  of th e  u p p e r  p o rtio n  o f th e  co re  a n d  of 
p ro d u c in g  a c lean , so u n d  c a s tin g . I n  th e  second 
c a s tin g , in g a te s  th ro u g h  th e  c row n  w ere  m ade  
th ro u g h  th e  to p  o f th e  b a rre l core as show n, in 
o rd e r  th a t  th e  m e ta l on  r is in g  to  th e  low er level

F i g . 7.— P h o to m icr o gr aph  T a k en  f r o m  t h e  
D e f e c t iv e  Zone  of t h e  Ste a m  C h e s t  of 

a L o c o m o t iv e  C y e i n d e r .

of th e  crow n w ould  g e n tly  sw irl on  to  th e  c e n tre  
o f th e  to p  of th e  b a r re l  core, a n d  th e  w hole r ise  
to g e th e r . A t th e  sam e tim e , i t  w as re a lis e d  t h a t  
w ith o u t a n  in tim a te  know ledge a n d  c o n tro l of th e  
p ro p e rtie s  of th e  loam u sed — s tre n g th ,  p e rm e 
a b ility  to  gas, sh r in k a g e  on  d ry in g  a n d  r e f r a c 
to rin e ss— which m u s t be  such a s ' to  en ab le  i t  to  
e n d u re  th e  flow a n d  p re ssu re  o f th e  m o lten  m eta l, 
p e rm it  f re e  escap e  o f th e  gases g e n e ra te d  an d  
y ie ld  to  th e  c o n tra c t in g  m e ta l, th is  p ro c ed u re  w as 
r isk y , a n d  th e  second  c a s tin g  w ould follow  th e  firs t.

S im ila rly  do th ese  re m a rk s  a p p ly  to  th e  con
s tru c tio n  o f th e  m ou lds and  cores o f  a ll ca stings,
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fo r  un less th e y  can he prep a red  fro m  d ay  to  day  
w ith  a  certain  a ssu ra n ce  th a t s im ila r conditions  
arc being reproduced , p ro d u c tio n  o f sound  cast
ings becomes an  u n c e r ta in  and  harassing business.

F ig . 7 re p re se n ts  p h o to m ic ro g rap h  of a 
locom otive c y lin d e r ta k e n  from  a section  
of th e  d e fec tiv e  zone, p roves th e  d e fec t 
to  co n sist of e n tra p p e d  sand  an d ’ ox ide, sug g est
in g  t h a t  a p o rtio n  o f th e  m ou ld  o r core  was 
w ashed by th e  m eta l, an d  w as t r a p p e d  in  th is  
p o r tio n  o f th e  c a s tin g . Close e x am in a tio n  of th is  
a n d  o th e r  cy lin d ers  p re sen tin g  a s im ila r  defec t,

F i g . 8a .1— Show's a P ortion  of a C ylin d er  
R e jec ted  f r o m  C h a p let  Tr o u b l e .

t r a c e d  th e  o r ig in  of th e  d e fec t to  th e  collapse of 
a  sm all core in se r te d  in  th e  lower p o rtio n  of th e  
m ould  w hich h a d  been  b u rn e d  in  d ry in g .

C h a p le ts .—I t  is n o t uncom m on fo r  a n  o therw ise  
good c y lin d e r to  be re je c te d  on  a cco u n t of leak 
in g  a t  th e  ch ap le ts  o r  fo r th e  fo u n d ry  to  lose a 
c a s tin g  because  th e  c h ap le ts  gave  way. Scientific 
d esign  of ch ap le ts , hoivever, p re se n ts  m uch th e  
sam e d ifficu lties as sc ien tific  co n tro l as a  whole. 
T he re q u ire m e n ts  of a  c h a p le t a re  t h a t  i t  m u st
(1 ) su s ta in  a g iven  load fo r  a d e fin ite  p e rio d  of 
tim e , (2) fu se  in  th e  sh o r te s t  possible tim e  an d  
fo rm  a p e rfe c t weld w ith  th e  a d jo in in g  iro n . The 
ideal design  fo r  s tre n g th  is t h a t  whioh enab les
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th e  c h a p le t to  w ith s ta n d  d ire c t  com pressive  s tre ss , 
when th e  e n ti r e  load is c o n c e n tra te d  on th e  cen 
t r a l  su p p o rt, an d  a  b e n d in g  m o m en t w hen  th e  
d ire c tio n  of th e  load  does n o t co inc ide  w ith  th e  
ax is  o f  th e  su p p o rt.

C o n s id e ra tio n  o f th e  re la tiv e  v a lu e  o f  th e  
c y lin d r ica l, r e c ta n g u la r  a n d  c o r ru g a te d  su p p o rts  
lead s to th e  conclusion t h a t  s tru c tu ra l ly  a  s u i t 
ably  designed  c o rru g a te d  su p p o r t is  th e  b e s t, in

t h a t  i t  g ives th e  h ig h e s t u l t im a te  b u ck lin g  
s tre n g th ,  p re se n ts  th e  g re a te s t  su r fa c e  to  th e  
m olten  iro n , a n d  does n o t  d ep en d  fo r  s t r e n g th  on 
th e  efficiency of th e  jo in t  b e tw ee n  th e  su p p o r t 
a n d  to p , w hich  is  p a r t ic u la r ly  th e  case  w ith  th e  
r e c ta n g u la r  a n d  c irc u la r  su p p o rts .

U n fo r tu n a te ly  th e  fo u n d ry  does n o t possess s u i t 
ab le  fa c ili t ie s  fo r m ak in g  i ts  ow n c h ap le ts , an d  
w h ilst th e  desig n s a t  i ts  d isposa l m ay  be s tro n g  
en o u g h , th e  p rob lem  of o b ta in in g  a  w eld  is  le f t  
in  th e  h a n d s  o f th e  m o u ld e r. A t th e  b e s t th is  
c an  n e v er be  m ore  th a n  a  p o o r com prom ise , a n d  
th e  re s u lt  is t h a t  th e  c h a p le t is o f te n  loosely 
a tta c h e d  to  th e  c a s tin g . P h o to g ra p h  A , F ig .  8 , 
shows a p o rtio n  of a  cy lin d e r re je c te d  because  o f 
tro u b le  w ith  c h ap le ts . I n  th is  in s ta n c e  th e y  
could  be  p u lle d  aw ay  fro m  th e  c a s tin g  w ith  th e  
h a n d s .

T h e  tw o p r in c ip a l o b jec tio n s  to  th e  com m on 
fo rm  of c h ap le ts  sold to -d a y  a re  (1 ) t h a t  th ey

F ig. 8a.
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a re  m ad e  in  th e  sam e sec tio n  of m ild  steel 
ir re sp e c tiv e  of w h e th er fo r use in o r  2J-in . 
sec tion , o r  w h e th er th e y  a re  fo r  use a t  th e  to p  or 
b o tto m  o f th e  c a s tin g ;  a n d  (2) t h a t  th e  c e n tra l 
supiport fo r one p a r t ic u la r  section  of c a s tin g  m ay 
v a ry  m ore  th a n  20 p e r  cen t, in  d iam e te r . The 
fo u n d ry m a n  e n d ea v o u rs  to  g e t  o ver th e  difficulty 
o f o b ta in in g  a w eld  by  u s in g  h is  c h ap le ts  tin n e d  
o r  g a lv an ised , o r by  t r e a t i n g  w ith  a  m ix tu re  of 
re d  lead  a n d  tu rp e n t in e .  E v id en ce  is s till  
re q u ire d  to  p ro v e  t h a t  th ese  in c re ase  th e  fusion  
be tw een  th e  c h a p le t a n d  th e  c a s tin g , a lth o u g h

F i g . 8b .— Sectio n  th r o u g h  C h a p le t  U sed 
in  a L o co m o tiv e  C y l in d e r .

we have  p ro o f to  show t h a t  oxides o r m eta ls  h a v in g  
low b o ilin g  p o in ts , a re  a  p ro lific  cause  o f blow
holes a n d  spongy  places.

W h ere  a  c h a p le t is necessary , th e  a u th o r  uses . 
th e  fo rm  show n by  F ig . 8a. T h is  does n o t d iffer 
ra d ic a lly  fro m  th e  s ta n d a rd  c h a p le t sold, b u t  is 
m odified to  p re se n t easy fusion  a t  th e  c e n tre  of 
th e  s tem  w ith o u t re d u c in g  i ts  s tre n g th , a n d  also 
a t  th e  faces o f th e  c h a p le t as an  a d d itio n a l safe
g u a rd .  Such  ch ap le ts  th u s  en ab le  a p e r fe c t  weld 
to  be  p ro d u ced  w h e th er u sed  a t  th e  to p  o r  bo ttom  
o f a  ca s tin g . To rem ove a n y  ox id e  and  en su re  a 
c lean  sk in  in  use, th ese  c h ap le ts  a re  p ick led  in 
ac id  a n d  p ro te c te d  in  s to re  by m eans o f oil. 
P h o to g ra p h  B, F ig . 8, shows a section  th ro u g h
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such a c h a p le t w hen use>d in  a locom otive  cy lin d e r. 
P h o to m ic ro g ra p h  C, F ig . 8 , shows th e  d e p th  of 
ca rb o n  p e n e tra t io n  an d  th e  efficiency o f th e  weld 
be tw een  th e  edge of th e  c h a p le t an d  th e  c a s t  iro n .

N u m ero u s  in s tan c es  o f m o u ld in g  d e fec ts  m ay  be 
c ited , b u t  th e y  on ly  go to  d e m o n s tra te  f u r th e r  the  
h ig h  im p o rta n c e  of tec h n ica l c o n tro l of raw  
m a te r ia ls  an d  of ev ery  o p e ra t io n  in  m a n u fa c tu re ,  
i f  an y  m easu re  of se c u rity  a g a in s t  d e fe c tiv e  c a s t 
ings is to  be g u a ra n te e d , a n d  if  c y lin d e r losses 
a re  to  be e lim in a te d  by  a n y  o th e r  m eth o d  th a n  
th e  costly  one of r isk in g  th e  c a s tin g . A p a r t  from

F i g . 8c .— Illu s t r a t in g  D e p t h  of C a r bo n . 
P en etr a tio n  and  E ff ic ie n c y  of W e ld  
B e tw e e n  C h a p le ts  and  C ast  Ir o n .

th e  com m erc ial v a lu e  of such  a  co n tro l in  re d u c in g  
sc ra p  losses, cost of d ry in g , e tc ., s a n d  costs a n d  
its  p r e p a ra t io n  a re  b ro u g h t  to  a n  econom ical basis, 
w h ilst th e  re d u c tio n s  effected  in  h a n d lin g  ch arg es, 
which re p re se n t  a  c a p ita l  in v e s tm e n t, a re  e n o r
m ous. Som e id ea  of th e  p o ss ib ilitie s  in  th is  d ire c 
tio n  m ay  b e  g a th e re d  fro m  th e  f a c t  t h a t  in  th e  
m a n u fa c tu re  of 1 to n  o f c a s tin g s  u n d e r  n o rm al 
ru le -o f-th u m b  c o n d itio n s , no less th a n  6 to n s  of 
sa n d  m ay be used, w hich  is  o f te n  h a n d le d  8 t im e s  
( in c id en ta lly  a  f e r t i le  field fo r  th e  e q u ip m e n t 
en g in e er) .
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Metal.
The p r in c ip a l m e ta llu rg ic a l d efec ts of cy lin d er 

c a s tin g s  a re  low te s t  figures, o p en  g ra in , d raw s, 
po ro u s p a tc h es , v a r ia tio n s  of g ra in  in  bore , 
sh rin k -h o les , blow-holes, m echan ically  tra p p e d  
fo re ig n  m a t te r  a n d  c rack s. I t  is n o t m e a n t to  
im ply  th a t  th e se  d e fec ts  a re  t r a c e d  d irec tly  to  th e  
use  of d e fec tiv e  iro n . T he f a c t  t h a t  th e y  a re  
com m on to  lan d  a n d  m arin e -e n g in e  cy lin d ers  
r a th e r  su g g ests  t h a t  cy lin d e rs  as a class p re sen t 
s im ila r  d ifficu lties of m a n u fa c tu re , a n d  th a t  th e  
fu n d a m e n ta ls  o f  d e sign , m e ta l or o rg a n is a tio n  a re  
n o t re a lly  u n d e rs to o d . O w ing to  th e  w ide scope

F i g .  9a .— G r a p h ite  i n  H ot-blast  Sand-cast P i g .

of th e  p a p e r  i t  is  im possible to  g ive  th e  d e ta iled  
s tu d y  t h a t  th e  su b je c t d em ands, and  th e  a u th o r ’s 
co m m ents m u s t be confined to  th e  sim ple  m eta l
lu rg ic a l p r in c ip le s  necessary  to  a b e tte r  u n d e r
s ta n d in g  of b o th  m a n u fa c tu re  and  design.

M e ltin g .— As a m eltin g  fu rn a c e , th e  cupola  is 
su b je c t to  c o n s tan t c r itic ism . Som e cy lin d er 
m a n u fa c tu re rs  find i t  p ro fitab le  to  in s ta l  th e  m ore 
costly  o p e n -h ea rth  m eltin g  e q u ip m en t, w h ilst on 
th e  C o n tin e n t and  in  A m erica  th e  e lec tric  fu rn ace  
alone, o r  as a re fin in g  a n d  su p e r-h e a tin g  u n i t  in  
c o n ju n c tio n  w ith  th e  cu p o la , is find ing  wide 
fa v o u r.

T he d ifficu lties o f th e  cupola  resolve them selves 
in to  m eltin g  h o t, co n tro l o f th e  fluid life  of th e
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m olten  m eta l a n d  of th e  o rd in a ry  chem ica l ele
m en ts , v iz ., carb o n , silicon,, m an g an ese , phos
p h o ru s , su lp h u r . U n d e r sc ien tific  c o n tro l, how 
ev er, th ese  d ifficu lties a re  no t in su p e rab le , a n d  as 
a com m erc ia l m e ltin g  u n i t ,  th e  cupola  will n o t  be 
eas ily  rep laced  u n d e r  th e  p re se n t  c o n d itio n s  of 
h ig h  cost of fu e l and: lab o u r.

C u p o la-m elted  g rey  iro n  is  a  m a te r ia l  of 
u n k n o w n  th e rm a l s ta b ili ty . I t  is becau se  o f i ts  
anom alous b e h av io u r  in  th is  re sp e c t t h a t  th e  selec
t io n  of p ig -iro n  on  a  b asis o f chem ica l com position  
h as n o t a lto g e th e r  d isp laced  th e  o ld -fash io n ed  ru le -  
o f-th u m b  m eth o d  o f g ra d in g  by f r a c tu re .

T he t e x tu r e  o r  g ra in  o f c a s t- iro n , w hiçh  d e te r 
m ines th e  p h y sica l p ro p e rtie s , a n d  on w hich  th e  
se rv iceab le  l ife  o f an y  c y lin d e r d ep en d s , is  con
tro lle d  p r im a r ily  by "the g ra p h ite  c o n te n t ,  its 
physica l fo rm  a n d  m ode of d is tr ib u tio n . The 
in fluence o f th e  e lem en t in  th is  d ire c tio n  m ay  be 
ju d g e d  from  th e  f a c t  t h a t  in  cy lin d e r c a s tin g s  in 
g e n e ra l, th e  q u a n ti t ie s  ra n g e  from  2 to  3.5 p e r  
c en t, a n d  m ay occupy as m u ch  as 10 p e r  cen t, o f 
th e  to ta l  volum e o f th e  casting-. A ssum ing  a  t in y  
w orm -like  fo rm a tio n , a n d  b e in g  a  so ft f r ia b le  an d  
co m bustib le  su b s tan ce  o f d if fe re n t oo-efficient of 
ex p an s io n  an d  c o n tra c tio n  fro m  th e  m e ta l m a tr ix ,  
a  s lig h t v a r ia t io n  in  e i th e r  th e  q u a n t i ty  o r  fo rm  
e x e r ts  a p ro fu n d  in flu en ce  on th e  se rv iceab le  
q u a lity  of th e  iro n . T h is  is  in te n sif ied  by  th e  
g ra p h ite  a ssu m in g  v a r io u s  p h y sica l fo rm s u n d e r  
d iffe re n t te m p e ra tu re s  a n d  p re ssu re s , i ts  d e n s ity  
ra n g in g  from  1.2 to  3.5 p e r  c e n t .,  w h ils t i ts  
re fra c to ry  a n d  lu b r ic a t in g  v a lu es a re  a  fu n c tio n  
of te m p e ra tu re ,  t im e  a n d  r a te  o f cooling .

T hese fa c ts  em p h asise  th e  su p re m e  im p o rta n c e  of 
p rec ise  co n tro l, if  c o n s is te n t p ro d u c tio n  o f so u n d  
cas tin g s is to  be o b ta in e d . U n fo r tu n a te ly  i t  is 
th e  su b stan ce  o v e r w hich, u n d e r  o rd in a ry  co n d i
tio n s  o f m a n u fa c tu re , we h a v e  le a s t  c o n tro l. Som e 
e m in e n t chem ists a ssu re  u s t h a t  i t  is  a  sim ple  
decom position  p ro d u c t o f th e  c a rb id e , a n d  is 
d ire c tly  u n d e r  th e  in flu en ce  o f th e  o th e r  e lem en t«  
p re sen t, te m p e ra tu re  a n d  tim e . I n  o rd in a ry  p r a c 
tic e  th is  is e rro n eo u s, fo r  i t  is  q u ite  com m on to 
o b ta in  from  tw o iro n s  of s im ila r  chem ica l com 
p o s itio n  c a s t u n d e r  id e n tic a l c o n d itio n s  w idely  
d iffe re n t m echan ical p ro p e rtie s , d u e  m ain ly  to  th e  
fo rm  a n d  m ode of d is t r ib u t io n  of th e  g ra p h ite .
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T he chem ical com position  of cas t iro n  in  itse lf 
is o f  so m ew hat s im ila r  v a lu e  to  th e  chem ical com 
p o sitio n  of a  m o u ld in g  san d  or of any  o th e r  com
plex  s t r u c tu r e .  I t  in d ic a te s  th e  p r in c ip a l e lem en ts  
¡present, w ith o u t  g iv in g  a n y  id ea  of th e  chem ical 
o r  physical c o n s titu tio n  of th e  com pounds fo rm ed  
o r of th e i r  re la tio n  to  o ne  a n o th e r . F o r  th is  
reaso n , th e  b e t te r  p ra c tic e  in  th e  p re p a ra tio n  of 
cu p o la  m ix tu re s  is t h a t  b ased  upon  ohem ical com
p o sitio n  a n d  th e  a ippearance of th e  f r a c tu re .  T his 
m eth o d , how ever, is  unscien tific , fo r  w h ils t som e 
c la im  to  u n d e rs ta n d  g ra p h ite  an d  i ts  b e h av io u r 
in  th e  m a n u fa c tu re  of c a s tin g s  o f an y  te x tu re
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F i g . 9b .— G r a p h it e  in  Special  C y l in d e r  Ir o n .

fro m  th e  a p p e a ra n c e  of th e  f ra c tu re ,  th e  m a jo r ity  
o f m e ta llu rg is ts  do  n o t. To overcom e th is  diffi
c u lty , th e  a u th o r  p re p a re s  a  special p ig -iro n  
m e lted  a t  a  co n tro lled  te m p e ra tu re  an d  to  a  p re 
c ise  chem ical com position , w hich is  c a s t in  chill 
m oulds. T h is  sa fe g u a rd s  th e  q u a lity  o f th e  iro n  
a n d  r e ta in s  m uch o f th e  carb o n  in  so lu tio n , w hilst 
th e  re m a in d e r  is d issem in a ted  in  a  fine s ta te  of 
d iv is io n .

P h o to m ic ro g ra p h  A, F ig . 9, shows th e  g ra p h ite  
o f  o rd in a ry  sa n d -ca s t p ig  m ade in a  h o t b la s t 
fu rn ao e , an d  B o f th e  sam e figu re  th e  g ra p h ite  of 
a  specia lly  p re p a re d  cy lin d e r iro n . B oth  irons 
h a v e  ¡p ractically  id en tica l com positions w ith  th e  
e x ce p tio n  o f th e  to ta l  carbon  c o n te n t, w hich  is
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3.5 in  A a n d  3.08 in  B. T h e  use  o f th is  spec ia l 
iro n , fo r all p ra c tic a l p u rp o ses, solves th e  p ig -iro n  
p rob lem  an d  fa c i l i ta te s  th e  p re p a ra t io n  of cy lin d e r

F i g . 10.

m ix tu re s  fro m  a  basis o f chem ica l com position  
alone.-

C ylinder M ix tu r e s .— H a v in g  es tab lish ed  a  con
tro l of th e  q u a lity  of p ig -iro n , th e  se lec tion  o f a 
su ita b le  chem ical com position  fo r  a n y  p a r t ic u la r  
class of cy lin d e r re s ts  w ith  t h e  service  co n d itio n s
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req u ire d , our know ledge o f  the  m e ta llu rg y  o f cast 
iro n  a n d  th e  design  o f th e  casting .

S erv ice  C o n d itio n s.—T he en g in e e r does n o t give 
m u ch  p ra c tic a l assis tan ce . H is  re q u ire m e n ts  a re  
b u t  v ag u ely  expressed ', and' h is  design  o f te n  
evolved from  a cc u m u la te d  p ra c t ic a l  en g in e erin g  
ex p e rien c e  does n o t co n sider m e ta llu rg ic a l p r in 
cip les. T ak in g , fo r ex am p le, th e  t e s t  b a r , which 
is  now  en g ag in g  th e  a t te n tio n  of a co m m ittee  of 
e m in e n t m e ta llu rg is ts  and  fo u n d ry m e n : w ith in
re c e n t  experien ce , i t  w as com m on p ra c tic e  to  cast

F i g . 10 c.

a  1 -in . sq u a re  b a r  a n d  b re ak  o ver o f t .  su p p o rt 
by m eans o f a  w e igh t suspended  a t  th e  m iddle. 
R u p tu r e  o f th is  b a r  a t  once o r over n ig h t, as 
m ig h t be dem an d ed , would condem n th e  cas tin g . 
C ru d e  as th is  m e th o d  was, i t  la id  th e  fo u n d a tio n  
o f th e  p re sen t-d a y  m eth o d s fo r th e  te s tin g  of cast- 
iro n , w hich  h av e  ad v an ced  in  d e ta il  only, an d  
e x te n d e d  by th e  a p p lic a tio n  of physica l te s ts  
w hich h av e  been  fo u n d  u se fu l fo r o th e r  m a te ria ls  
o f  c o n s tru c tio n , a lth o u g h  se rv in g  a  d iffe re n t p u r 
pose. F o r  cy lin d e r cas tin g s, fo r  in s tan ce , th e  
B rin e ll h a rd n ess  te s t  is fre q u e n tly  specified and  
cy lin d e rs  a re  accep ted  o r re je c te d  on a c e r ta in  
h a rd n ess  figure. Y et th e  B rin e ll te s t  does n o t 
m ea su re  te n a c ity  h a rd n ess  as is g en era lly  u n d er-

S



s to o d ; n o r c a n  a  s ta n d a rd  B r in e ll  figu re  be  used  
u n iv e rsa lly  as a  s ta n d a rd  m ea su re  o f th e  Hfe of

th e  cy lin d e r. S im ila rly , th e  te n s ile  a n d  com pres
sion te s ts  ra re ly  m easu re  th e  sim ple  s tre s s  in d i-
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c a ted , fo r  if  th e  g ra p h ite  flakes h a p p e n  to  ta k e  a 
p a r t ic u la r  d im en sio n  o r  fo rm , f r a c tu r e  occurs by 
sh e a rin g . A g a in , it  is n o t uncom m on to  find th a t  
th e  c ross-sec tional a re a  o f th e  tra n s v e rse  b a r  does 
n o t co rresp o n d  to  th e  sec tion  of th e  ca s tin g . Such 
a b a r  can  g ive  l i t t le  in d ic a tio n  o f th e  re a l s tre n g th  
o f  th e  cas tin g .

T he o r ig in a l  id ea  of te s t  b a rs  in  e a rly  h is to ry  
was to  m easu re  th e  q u a lity  of iro n  going in to  th e

F ig .  11— cont.
F i g  II.—The com position  o f A is T .C ., 3.40; S i..
1.03; M u., 0.63; P ., 0.09; an d  S., 0.063 per cen t. B  
is  T .C ., 3.27; S i., 1.15; M n„ 0.62; P ., 1.54; and S.,
0.086 per cen t. C is  T.C.. 3.38; S i., 2.30; M n., 0.60;

P ., 0.78; and S., 0.063 per cent.

c a s tin g  a n d  n o th in g  m ore. T hey  fu rn ish  va luab le  
in fo rm a tio n  of th e  co n d itio n s o p e ra tin g  in m e ltin g  
an d  th e  te m p e ra tu re  of p o u rin g . They a re  c e r
ta in ly  supposed  to  convey so m eth in g  m ore  th a n  
th is  to  th e  e n g in eer, an d  i t  is n o t uncom m on to  
see a n  o th e rw ise  good cy lin d e r re je c te d  on  low te s t  
f ig u re s ; y e t when these  a re  sa tis fa c to ry , he  
g u a rd e d ly  re se rv e s  th e  r ig h t  to  re je c t  on  g ra in  o r 
w a te r  te s t,  b o th  o f which a re  am b iguous an d  su b 
je c t  to  p e rso n al p re ju d ic e  in  th e ir  decision. A n

S 2
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in s ta n c e  o f th is  m ay  (be c ited  in  th e  re je c t io n  of 
n in e  locom otive c y lin d e rs . These w ere co n sid ered  
to  'be open an d  d id  n o t pass th e  w a te r  te s t  s a t is fa c 
to r ily . ■ A f te r  t r a n s f e r r in g  th e  p a t te rn s  to  a n o th e r  
fo u n d ry , th e  r e s u l ts  w ere u n fo r tu n a te ly  w orse. 
To a lle v ia te  th e  s i tu a t io n ,  th e  c o n tra c to rs  reca lled  
th e  o rig in a l cy lin d ers , which th is  t im e  n o t  on ly  
passed  th e  second w a te r  te s t ,  b u t  a f te r  a  l ig h t

F i g . 12.

fin ish ing  o u t  w ere he ld  u p  as exam p les o f close- 
g ra in e d  cy lin d ers to  o th e r  m a n u fa c tu re rs .  R e 
jec tio n s  of th is  n a tu re ,  ju s tif ie d  o r u n ju s tif ie d , 
in cu r  losses to  b o th  th e  fo u n d ry  an d  m ach in e  shop , 
a n d  c re a te  an- unw holesom e a tm o sp h e re  in  th e  tw o 
d e p a rtm e n ts .

Open G ra in .— F ig . 10 re p re se n ts  a  se ries of 
m ic ro g rap h s  ta k e n  th ro u g h  th e  sec tio n  o f a  
cy lin d er t h a t  w as re je c te d  on a cc o u n t o f o pen  g ra in
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in  th e  bore. T h e  ten s ile , tra n s v e rse  a n d  B rin e ll 
te s ts  w ere to  specifica tion . T h is  is  obviously  a 
m eta l d e fec t r e su l tin g  from  th e  use of a n  iro n  too  
h ig h  in  to ta l  c a rb o n  a n d  silicon co n te n ts , an d  from  
too  slow cooling .

F ig . 11  shows th e  effect o f  m ass o n  th e  so lid itv  
o r t e x tu r e  a n d  on  th e  B rin e ll h a rd n ess  o f th re e  
iro n s  m ade u n d e r  s im ila r  c o n d itio n s  in  o rd in a ry  
san d  m oulds. The th re e  p h o to g rap h s  suffice to  
d e m o n s tra te  “  so lid ity  ’ o f  c a s t iro n  as a fu n c tio n  
o f chem ica l com position , a n d  show t h a t  fo r 
o rd in a ry  sand  cas tin g s  th e  m in im um  sec tion  p e r
m issib le  to  u n ifo rm  so lid ity  fro m  a cy lin d e r iro n  
m ay  ra n g e  fro m  1 in . to  6 in .,  a cco rd in g  to  its

“  so lid ity  p e n e tr a t in g  p o w er.”  E x p ressed  in  
te rm s  o f a c tu a l  s t r e n g th ,  th ey  show t h a t  by 
f u r th e r  in c re a s in g  a n y  sec tio n  beyond  th e  lim its  
of th e  “  so lid ity  p e n e tr a t in g  pow er ”  o f th e  iro n  
used , th e re  is a co rre sp o n d in g  d ecrease  o f s tre n g th . 
A ssum ing , fo r  exam ple, t h a t  a ten s ile  figu re  of 
15 to n s  is  o b ta in e d  fro m  a  cy lin d e r iro n  whose 
so lid itv  p e n e tr a t in g  pow er is 2 in ., a t  4 in . th is  
m ay fa ll to  9 to n s j  a t  6 in ., 3 to n s o r less. Y et 
i t  is n o t  uncom m on to  m eet w ith  spec ifica tions of 
a chem ical co m p osition , w ith o u t re g a rd  to  e ith e r  
sec tion  o r  d im ension  of th e  c a s tin g .

T his sim ple  i l lu s tra tio n  is p re sen te d  h e re  to  
d e m o n s tra te  t h a t  u n d e r  o rd in a ry  c o n d itio n s  of 
m a n u fa c tu re  of san d  cas tin g s, w eigh t a n d  m ass do 
n o t necessa rily  m ean  e ith e r  in c reased  s tre n g th  o r 
lo n g e r life  in  serv ice. H e av y  sec tions, bosses,



F
ig

. 
14

.



519

la rg e  fillets an d  s tre n g th e n in g  rib s n o t o n ly  in 
c rease  th e  cost o f m a n u fa c tu re  an d  reduce  th e  
ch ance  of th e  p ro d u c tio n  of sound cas tin g s, b u t 
w eaken th e  s t ru c tu re  as a whole.

Mechanism of Solidification ofjCast Iron.
The cooling cu rv es ta k e n  fro m  a D iesel-engine- 

c y lin d e r iro n  an d  from  a n  o rd in a ry  locom otive- 
e y lin d e r iro n , rep ro d u ced  in  F ig . 12, show th e

F i g . 15.

esse n tia l d ifference be tw een  these  tw o  irons on 
so lid ification  to  lie  in  th e i r  ra n g e  of freez in g  te m 
p e ra tu re s . In  th e  fo rm er so lid ification  comm ences 
a t  a p p ro x im a te ly  1,240 deg. C ., an d  is  com plete  
a t  1,160 deg. C . ; in  th e  l a t t e r  i t  com m ences a t  
1,231 deg. O. an d  c o n tin u e s  to  935 deg. 0 .,  i.e .,  
th e  free z in g  ra n g e  o f th e  fo rm er is 80 deg. C. and 
o f th e  l a t t e r  296 deg. C. Theire ex is ts  th e  sam e 
difference  be tw een  th e  process of so lid ification  as 
be tw een  m ild  steel a n d  A d m ira lty  g u n -m etal. 
B ecause of i ts  long  free z in g  p o in t, o rd in a ry  cy lin 
d e r iro n  th u s  p re sen ts  th e  sam e defec ts  of c ry s ta l
lis a tio n  a n d  l iq u a tio n  as o rd in a ry  g u n -m eta l, and
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co n seq u en tly  p re se n ts  s im ila r  d ifficu lties in  tlxe 
m a n u fa c tu re  of solid cas tin g s.

To d e m o n s tra te  th e  d ifferen ce  ¡between th ese  
tw o  iro n s in  th e  m a n u fa c tu re  o f  so lid  c a s tin g s  of 
v a ry in g  sec tions, w here  am p le  o p p o r tu n it ie s  e x is t 
fo r  th e  m a n ife s ta tio n  o f th e  ill-effects o f  d iffe re n 
tia l  f reez in g , th e  c a s tin g  show n in  F ig . 13 was 
designed . T h is  re p re se n ts  a  p o rtio n  of a p o r t  of a 
c y lin d e r t h a t  gav e  tro u b le  in  m a n u fa c tu re  fro m  
“ in te r n a l  d raw s ”  a t  th e  h e av y  sec tio n . T h e  sec
t io n s  ra n g e  from  5 in . to  2J in . T he c a s tin g s  
w ere m ade  w ith  th e  h eav y  sec tio n  a t  th e  b o tto m  
a n d  w ith o u t r ise rs , r u n n in g  fro m  th e  b o tto m  so 
as to  re p re s e n t  as fa ith fu lly  as possib le t h e  a c tu a l  
co n d itio n s o f free z in g  o p e ra t in g  in  co m p le te  
cy lin d e r cas tin g s.

E a c h  c a s tin g  w as sec tio n ed  th ro u g h  A B , th e  
p o sitio n  o f d ra w in g  acco rd in g  to  th e  iso th e rm a l 
lines o f  th e  c a s tin g .

I n  F ig . 14, A, B a n d  C  show th e  re su lt  o b ta in e d  
fro m  th re e  so f t  iro n s  o f  th e  fo llow ing  ch em ica l 
c o m p o s itio n s : —

T otal Man- Phos- Molyb'
Carbon. Silicon, gañese, phorus. Sulphur, denum- 

A . .  3.27 2.20 0.72 0.91 0.096
B . .  3.27 2.20 0.72 0.91 0.096 0.20
C . .  3.34 2.50 0.56 1.83 0.044 -
D , E  an d  F  show th e  re su lts  o b ta in e d  fro m  th re e  
c y lin d e r iro n s :  —
D . .  3.41 1.41 0.60 0.90 0.072 —
E . .  3.49 1.25 0.68 0.20 0.089 —
F  . .  3.51 1.10 0.68 0.53 0.085 0.25

These e x p e rim e n ts  show t h a t  th e  w ider th e  free z 
ing  ra n g e  a n d  th e  so f te r  th e  iro n , th e  g r e a te r  th e  
te n d e n cy  to  d raw . B su g g ests  t h a t  m olybdenum  
is of v a lu e  in  re d u c in g  d ra w in g  o f a n  iro n  o f long 
freez in g  ra n g e , w h ils t O shows t h a t  by in c re a s in g  
th e  p h o sp h o ru s to  a n  ab n o rm a l f ig u re  so t h a t  
excessive q u a n ti t ie s  o f th e  lo w -m eltin g -p o in t phos
p h id e  p re d o m in a te , d ra w in g  is s lig h tly  red u ced .

1), E  an d  F  show an  a ll-ro u n d  im p ro v e m en t, 
w h ilst E , a  low -silicon an d  low -phosphorus iro n  of 
h ig h  so lid ity  p e n e t r a t in g  pow er a n d  sh o r t  freez 
in g  ra n g e , is eq u ally  solid th ro u g h o u t.  T hese 
re su lts  in d ic a te  th e  in flu en ce  o f ch em ica l com posi
tio n  as a fa c to r  in  e lim in a tin g  th e  t ro u b le  o f le a k 
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ing  p o rts . O th e r fa c to rs  w hich a lso influence 
so lid ity  a re  te m p e ra tu re  of p o u rin g , r a te  o f cool
in g , a n d  r a te  of ru n n in g . T h is fo rm  o f te s t  piece 
could  be ap p lied  to  in v e s tig a te  each of these  and  
to  a n y  design  o f cy lin d er g iv in g  tro u b le , m odify , 
ing  th e  fo rm  o r  sec tio n a l d im ensions accord ing ly , 
in s te a d  o f u s in g  th e  cy lin d er itse lf  as a n  e x p e ri
m en t. Such  a te s t  b a r ,  in c id e n ta lly , p rov ides th e  
e n g in e er w ith  d ire c t  in fo rm a tio n  on th e  so lid ity  
of th e  v a rio u s  sec tions th ro u g h o u t h is cas tin g s.

r~ —  ■ ■ -
F i g . 16.

F ig . 15 shows a  f r a c tu re  th ro u g h  a defec tive  
p o r t  o f a  locom otive cy lin d e r. A t th is  position  
five sections, r a n g in g  from  £ in . to  1 J in .,  co n jo in . 
C o m p ara tiv e  an aly ses from  a  solid an d  d e fec tiv e  
p o rtio n  of th is  c y lin d e r a re  g iv en  below :—

Total Man- Sul- Phos-
Carbon. Silicon, gañese. phur. phorus.

Sound . .  2.93 1.29 0.57 0.091 0.53
Drawn P ort —- — — 0.176 0.17

F ig . 16 re p re se n ts  a  d ia g ra m m a tic  sec tio n , and  
F ig . 17 a  firac tu re  th ro u g h  th e  p o r t  of th is  
cy lin d er. T h is is even m ore com p lica ted  th a n  th e  
s ta n d a rd  sec tion  firs t considered  (F ig . 13), and  
a p a r t  fro m  th e  ill-effects of se lective  c ry s ta llisa 
t io n  an d  liq u a tio n , such  an  a r ra n g e m e n t of cores 
will a c t  as scum  t r a p s  fo r th e  o x ide, s lag  an d  d i r t  
from  th e  m ould  a cc u m u la tin g  o n  th e  su rfa ce  of 
th e  r is in g  m eta l. C hem ical an a ly sis  is n o t th e
b est m ean s to  d e m o n s tra te  th is  p o in t, a lth o u g h  it
w ill b e  observed t h a t  th e  su lp h u r c o n te n t a t  th e  
d raw  is 0.176 a g a in s t  0.091 o b ta in e d  from  a  sound 
p o rtio n  o f th e  cy lin d er. A p a r t  from  fu n c tio n in g  
as scavengers, how ever, cores p re sen tin g  l i t t le  or 
no cooling  su rfa ce  p re v e n t fre e  d iss ip a tio n  o f h e a t 
from  th e  so lid ify in g  iro n . C o n serva tion  of h e a t  in  
th is  w ay is e q u iv a len t to  m ass influence, a n d  for
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F i g . 17.
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th is  (reason a lo n e  th e  design  o f th e  p o r t  is a com 
m on cau se  of sponginess an d  g e n e ra l unsoundness. 
A ny  fo rm  of design , th e re fo re , t h a t  p re sen ts  these  
f e a tu re s  is n o t on ly  b a d  fo r  th e  fo u n d ry m an , 
in c re a s in g  h is difficulty  a n d  also h is  cost o f m an u 
fa c tu re , ¡but p ro duces fin ished cas tin g s  t h a t  will 
a lw ays be  a  source  of t ro u b le  to  th e  en g in eer.

F ig . 18 show s a sec tion  th ro u g h  a p o r t  of a  
cy lin d e r m ad e  by  a re ce n tly  p a te n te d  process of 
c a s tin g  on su ita b ly  fo rm ed  s tee l sheet. The 
efficiency of th e  weld is a p p a r e n t  fro m  th e  photo-

F ig . 18.

g ra p h , th e  steel could  be pu lled  aw ay  re ad ily  from  
th e  c a s tin g . T he o b jec tio n s a g a in s t  th e  geneiral 
a d o p tio n  of th is  p ro cess  a r e  th e  u n c e r ta in ty  of 
a tta c h m e n t ,  blow-holes an d  m echan ical d e fec ts  
fro m  m isp lacem en t. I t  is a p a llia tiv e , n o t  a 
rem ed y  of “  drhW'S ”  in  p o r ts  of cy lin d er cas tin g s.

F ig . 19 shows a  sec tion  th ro u g h  th e  e x h a u s t 
p o r t  o f a  14-ton m arin e -en g in e  steam  cy lin d e r of 
sim ple  fo rm , w hich  gave  co n siderab le  tro u b le . 
H e re  th re e  sections ra n g in g  from  1-| in . to  in. 
meirge in to  a m ass of m e ta l 3 f  in . across, w hilst 
th e  m ain  co re  a t  th is  p o sitio n  ru n n in g  a lm o st to  
a p o in t  p re sen ts  l i t t le  o r  no cooling su rface . The
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d e fec t e n co u n te re d  w as a  d raw  a t  th e  h e av y  
sec tion , a n d  in  o ne  p o r t  170 lb . o f c em en t w ere 
p u m p ed  in  ineffectively . P e rm iss io n  to  m o d ify  
th e  d esig n  w as n o t  g ra n te d , h u t  th e  a l t e r a t io n  
show n by F ig . 20, w hich s a fe g u a rd e d  th e  cy lin d e r 
a g a in s t  re je c tio n  u n d e r  w a te r  te s t  a n d  fo u n d ry  
losses, by no m ean s e n su red  so u n d  m e ta l a t  th is  
p o s i t io n ; a n d  ow ing  to  th e  fo rm  o f th e  p o r t  an d  
th e  m e ta l c o n tra c t in g  on th e  ch ill, th e  rem o v a l 
of th e  sec tio n s was b o th  r isk y  an d  costly : F ig . 21
shows a n o th e r  m arin e -e n g in e  c y lin d e r w hich  p re 
sen ted  s im ila r  difficulties. F ig . 22 shows th e  
ch an g e  in  d esign  p e rm it te d  to  e n su re  a  m o re  
u n ifo rm  d is t r ib u t io n  of th e  h e a t . A  sound  c a s tin g

P/>P* SCCTIQWS
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F i g . 1 9 .

was o b ta in e d  w ith o u t ra d ic a lly  a lte r in g  th e  design  
or d im ensions.

Porous or Spongy Patches in Cylinder Bore.
F ig . 23 shows sec tio n s th ro u g h  d e fec tiv e  i.p . 

_an-ine-engine s te am  cy lin d e rs  w hich  w ere re je c te d
an a cc o u n t o f local p a tc h es  of o p en  t e x tu r e  in  th e
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bore. T he d e fec ts  m a n ife s ted  them se lv es in  th e  
final m ac h in in g  o p e ra t io n  a t  p o sitio n s  in  th e  
c y lin d e r w here  h e av y  sec tio n s m erge .

T h ere  a re  in s tan ces  w here  th e  p rob lem  of design  
was a g g ra v a te d  by th e  m o u lder, who, in  e n d e a v o u r
in g  to  g iv e  a  good fin ish  to  h is  m ould , u n w it tin g ly  
in c reased  th e  d im ensions of th e  fillets. T o  rem ed y  
th e  fo rm e r  th e  fille ts  w ere rem oved  fro m  th e  
p a t t e r n ,  an d  a n  iro n  o f s h o r te r  f re e z in g  ra n g e  an d  
h ig h  d e g re e  o f so lid ity  p e n e tr a t in g  pow er was 
used.

O th e r  cau ses of p o ro u s o r  o pen  p a tc h e s  in  th e  
bore  a r e :  M e ltin g  cold , low p o u rin g  te m p e ra tu re ,  
m eth o d  of ru n n in g , te m p e ra tu re  o f m o u ld  a n d  
w rong  m eta l. To c o n tro l th e  te m p e ra tu re ,  th e  
a u th o r  uses a n  im m ersio n  th erm o -co u p le . T he te m 
p e ra tu re  o f th e  p o u rin g  is a d ju s te d  a cc o rd in g  to  
th e  ty p es  o f c y lin d e r, th e i r  d im en sio n  a n d  th e  
m e ta l used. H a r d  a n d  f a s t  ru le s  c a n n o t  b e  la id  
dow n. T he te m p e ra tu re  figu res ra n g e  from  1,310 
deg. iC. fo r  a  la rg e  T.p. s te am  c y lin d e r to  1.380 
deg. C. fo r  a  sm all au to m o b ile  c y lin d e r  o r  a D iesel 
cy lin d er.

E q u a lly  im p o r ta n t  w ith  te m p e ra tu re  is th e  
d im en sio n  o f  th e  p o u r in g  d ish  a n d  th e  m eth o d  of 
ru n n in g  fa c to rs  d e te rm in e d  by th e  d ic ta te s  of 
ex p erien ce . T h e  s a fe r  p ra c t ic e  is to  use  a  deep  
p o u rin g  b asin  m ad e  in  h a r d  b ak ed  loam , which 
ho lds a p p ro x im a te ly  o n e - th ird  of th e  w e ig h t o f th e  
m eta l re q u ire d  fo r  c a s tin g , a n d  to  r u n  a s  slow as 
possible by m eans o f b o th  b o tto m  a n d  to p  ru n n e rs ,  
th e  fo rm e r  to  e n su re  a  s te a d y  filling  o f th e  m ould  
w ith  c le an  u n d is tu rb e d  m e ta l a n d  th e  l a t t e r  to  l i f t  
a n y  scum  a d h e r in g  to  th e  m oulds a n d  cores, an d  
p ro v id e  a supp ly  of h o t m e ta l a t  th e  to p  o f th e  
ca s tin g .

T hese re m a rk s  ap p ly  w h e th e r th e  c a s tin g  is 
p o u red  h o rizo n ta lly  o r  v e r tic a lly . G en era lly  i t  is 
p re fe ra b le  to  c a s t  v e r tic a lly , w ith  th e  closed  en d  u p  
to  e n su re  a  good flow o f m e ta l th ro u g h  th e  b a rre l.  
W h ere  c a s tin g  v e r tic a lly  is n o t c o n v en ien t, ru n n in g  
off o ne  or m ore r ise rs  is  recom m ended . S u c h  p ra c 
t ic e  ach ieves tw o  e n d s : i t  w ashes o u t  a n y  scum
a d h e rin g  to  e i th e r  th e  cores o r  m ould  a n d  b rin g s 
a b o u t u n ifo rm  c o n d itio n s  o f  c ry s ta ll is a tio n . °

P o ro u s  p a tc h e s  re su l tin g  fro m  e n tra p p e d  scum  
a re  easily  d if fe re n tia te d  fro m  th o se  cau sed  by selec
t iv e  c ry s ta ll is a tio n . T he fo rm er e x h ib i t  a  b r ig h t
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silv ery  a p p ea ran c e , an d  on close e x am in a tio n  
a p p e a r  to  c o n sis t of n u m ero u s m in u te  blow-holes, 
w h ils t th e  l a t t e r  a p p e a r  c ry s ta llin e . C o n firm ation  
of a  decision  m ay  h e  o b ta in e d  by m eans of a su lp h u r 
p r in t .  I f  d u e  to  e n tra p p e d  scum , th e  h igh  su lp h u r  
is show n b la c k ; if d u e  to  se lec tive  c ry s ta llis a tio n  
th e  su lp h id e  is n o rm al an d  u n ifo rm ly  d is tr ib u te d .

F i g . 2 3 .

As a  ru le , po rous p a tc h es  from  e n tra p p e d  scum 
m ay  be tra c e d  to  th e  m eta l h a v in g  been rushec  
in to  th e  m ould th ro u g h  b ad  p o u rin g , o r  fro m  th e  
use  of a  to o  shallow  p o u rin g  d ish , from  p o u rin g  
cold, th e  use  o f d i r ty  m eta l, o r from  to o  m uch steel.

Porous Patches from Selective Crystallisation.
C arbon .— P h o to m ic ro g rap h s  A an d  B, F ig . 24, 

show th e  m ic ro s tru c tu re  o f n o rm al a n d  open tex -



tu r e  of a  cy lin d e r m ad e  fro m  p ig -iro n  c o n ta in in g  
a  h ig h  to ta l  carb o n  c o n te n t, w hich  was r e je c te d  on 
a cco u n t of a  po rous p a tc h  in  th e  b a rre l .

P h o sp h o ru s .— P h o sp h o ru s  c o n sid e rab ly  e x te n d in g  
th e  free z in g  ra n g e  o f , c a s t  iro n  is, how ever, th e
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w orst o ffender, a n d  i ts  p re sen ce  ev en  in  sm all q u a n 
t i t ie s  is th e  com m onest cau se  o f p o ro u s p a tch es . 
T he effect o f p h o sp h o ru s on th e  p rocess of so lid ifi
ca tio n  o f a  c a s t- iro n  cy lin d e r m ay  b e s t be  follow ed 
by th e  a id  of a t r a n s p a r e n t  cy lin d rica l m ould  an d



som e p re p a re d  coloured m olten  w ax which freezes 
th ro u g h  a  ra n g e  of te m p e ra tu re . T he su rfa ce  of 
th e  vessel m ay  be ro u g h  o r h ig h ly  po lished , b u t  if  
i t  is a  p oor c o n d u c to r of h e a t, c ry s ta l g ro w th  will 
be observed  to  com m ence from  w ith in  an d  from  the 
su rfa ce  a t  th e  sam e tim e . T he slow er th e  r a te  of 
cooling, th e  g re a te r  th e  chances fo r  in te rn a l 
c ry s ta ll is a tio n  an d  of flo a tin g  c ry s ta llite s , p re v e n t
in g  u n ifo rm  c ry s ta llisa tio n  an d  d is tr ib u tio n  o f th e  
low er m e ltin g  p o in t  eu tec tic . F o r  th e  sam e 
reaso n  an y  co n d itio n  o p e ra tin g  in  th e  m a n u fa c tu re  
o f an  iro n  c a s tin g  of cy lin d rica l fo rm  w hich re su lts  
in .su ch  a  m ode of c ry s ta llisa tio n — w h e th er du e  to 
th e  com position  of th e  iron , a red u ced  cooling su r 
face, th e  use o f h o t o r w arm  cores, o r  of cores 
bonded  w ith  a  com bustib le  h e a t-g e n e ra tin g  sub
s ta n ce  su ch  as linseed  oil. o r  m ethod  o f con  r in g — 
will a ss is t in  th e  fo rm a tio n  of local p a tch es of open 
a n d  w eak te x tu re .

Blow-holes.

Blow-holes a rise  from  th e  phen o m en a  o f so lu tion  
of c e r ta in  gases in m eltin g , from  th e  d issociation  
of c e r ta in  chem ical com pounds an d  from  chem ical 
reac tio n s . T hey  m ay, th e re fo re , be loca ted  to  
occluded gases, m ech an ically  co n ta m in a te d  ox ide, 
or to  a  sim ple  chem ical re ac tio n  in  th e  m eta l itse lf, 
o r be tw een  tli9  scum  o r ox id ised  su rfa ce  of th e  iron 
and  th e  m ain  body o f m eta l

W h en  re su ltin g  from  p o o r m e ltin g  co n d itio n s 
th e i r  o r ig in  m ay  be tra c e d  to  th e  use of low -grade 
p ig -iro n , sc rap  o r steel, bad ly  d im ensioned  stock, 
in fe r io r  coke, low coke bed, to o  low coke ra tio , too 
h igh  b la s t  p ressu re , w rong flu x in g  o r  an y  cond ition  
w hich ten d s  to  o x id ise  th e  m eta l o r  m e lt  cold. On 
th e  o th e r  h a n d , sem i-steel or iro n , h ig h  in  su lp h u r, 
if  p o u re d  cold, will blow as a re s u lt  of d issociation  
o f th e  su lp h u r  com pounds. These, how ever, c an 
n o t  be  d irec tly  a t t r ib u ta b le  to  b ad  m eltin g , th e ir  
e lim in a tio n  be ing  a  qu estio n  o f shop o rg a n isa tio n . 
Such  blow-holes u su a lly  e x h ib it a  b r ig h t  sk in . 
They  a re  accom panied  by a gen era l unsoundness of 
th e  ca s tin g  a n d  in  some in stan ces free  ox ide of iron 
m ay be found .

Blow-holes re su ltin g  from  o v erlaps in  ru n n in g  or 
from  a  re ac tio n  betw een th e  scum an d  th e  m eta l, 
a re  local to  som e p a r t ic u la r  p o r tio n  o f th e  casting ,
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an d  e x h ib it  a  t in te d  o r b lack en ed  sk in . T hese a re  
caused  by w ro n g  g a tin g , th e  use  of a  to o  sm all 
p o u rin g  d ish , c a re le ss  sk im m in g  o r  e n tra p p e d  
fo re ig n  m a t te r  such as m ay  be lodged in  som e p o r
tio n  o f th e  cy lin d e r w hich does n o t  p e rm it  o f a  free  
flow of th e  m eta l.

F ig . 25 shows an  e tc h in g  ta k e n  th ro u g h  a section  
of a  c y lin d e r c a s tin g  b a rre l a t  a  d e fec t of th e  blow
hole ty p e . I t  shows th e  e x te n t  o f  su lp h u r  segre-, 
g a tio n  in  th e  im m ed ia te  v ic in ity  o f each  blow-hole, 
w h ils t in  th e  re s t  o f th e  cy lin d e r i t  is n o rm a l an d  
u n ifo rm ly  d is tr ib u te d . P h o to m ic ro g ra p h  A, F ig . 26, 
shows th e  m ic ro s tru c tu re  a t  th e  p o sitio n  C  o f e tc h 
in g  B, F ig . 25. P h o to m ic ro g ra p h  B  a n d  G, F ig .  26, 
show th e  n a tu re  o f th e  iro n  in  th e  v ic in i ty  of th e

F i g . 25.

blow-lioles, th e  p a le  g ra n u le s  a n d  b ro w nish -b lack  
p a tch es  b e in g  su lp h id e  o f m an g a n ese  a n d  o x id e  of 
iro n  resp ec tiv e ly . T h e  a c tu a l  s u lp h u r  c o n te n t  a t  
th e  se g reg a tio n  of th is  sam ple  w as 0.67 p e r cen t, 
a g a in s t  0.063 in  th e  r e s t  o f  th e  c y lin d e r.

T h is e x a m in a tio n  p o in ts  to  th e  e n tra n c e  of scum  
fro m  th e  lad le  in to  thet m ould , e n tra p p e d  by  p o r t 
cores fu n c tio n in g  as sk im  g a te s . T h e  re m e d v  is 
se lf-ev id en t, a n d  lies e i th e r  in  th e  use  of b o tto m  
p o u rin g  lad les  o r  a  la rg e r  a n d  d e e p e r  p o u r in g  d ish  
w hich will p e rm it  th e  scum  to  r ise  to  th e  su rfa ce , 
o r by c a s tin g  v e r tic a lly  a n d  flow ing som e m e ta l off 
th ro u g h  on e  o r  m o re  rise rs .

Design.
H a v in g  co n sid ered  d esign  in  i ts  re la tio n  to  

m ou ld in g  p rin c ip le s  a n d  th e  m e ta llu rg y  o f c a s t
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iro n , we m ay now proceed to  th e  g en era l aspects 
of th e  su b jec t.

A w ell-designed c a s tin g  m ig h t be sa id  to  be o ne
t h a t  c a n  be m ade com m ercially  and  whose sections

i f '  V- - • ^  f  .  ■ /
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F i g . 2 6 .

a re  no th ic k e r  th a n  is e ssen tia l to  th e  desired  u n i t  
of s tre n g th  a n d  w hich a re  evenly  p ro p o rtio n e d  so 
as to  avo id  local slow cooling.

D esign a n d  E co n o m y .— F ro m  th e  en g in e e r’s 
p o in t of view , a  design t h a t  will save m ach in ing , 
f ittin g , h a n d lin g  a n d  w e ig h t is desirab le , b u t  con
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s id e red  w ith o u t a  know ledge of th e  m e ta llu rg y  of 
c a s t iro n , m o u ld in g  m ethods, d ifficu lties a n d  cost, 
d e fe a ts  i ts  ow n en d  a n d  maiy p ro v e  m o re  costly  
in  th e  long ru n . T h e  c h e a p e s t d esig n  is  t h a t  
which p re se n ts  le a s t  d ifficu lties an d  r isk s  in  m a n u 
fa c tu re . C y lin d e r cas tin g s , how ever, a re  n e v e r  
sim ple, a n d  c u t p r ic e s  do n o t a ss is t in  th e  success
fu l p ro d u c tio n  o f so u n d  c y lin d e r  c a s tin g s . A f te r  
d e d u c tin g  e s ta b lish m e n t ch arg es, co st o f m e ta l  a n d  
p ro fit, th e  com m on p ro c e d u re  w ith  c u t  p r ic e s  is  to  
b a r te r  w ith  th e  m o u ld er an d  co re -m a k e r to  a cc ep t 
t h a t  f ig u re  w hich  m ay  be le f t  fo r  th em . C y lin d e r  
m o u ld in g  re q u ire s  a co n su m m ate  sk ill a n d  con-

sc ien tio u s w orkers who will g iv e  th e  c losest a t t e n 
tio n  to  th e  m in u te s t  d e ta ils . T hese  q u a lit ie s  a re  
n o t to  be  o b ta in e d  fro m  e ith e r  d issa tis fied  o r 
in co m p e te n t m en.

D esig n  a n d  E v o lu t io n .— O ne c a n n o t  o v e r
em phasise  th e  im p o rta n c e  of a  c loser a c tiv e  
co -o p era tio n  be tw een  th e  e n g in e e r  a n d  th e  fo u n d ry -  
m an . W h ere  o ld  d esigns h a v e  been  m odified  to  
m ee t new  a n d  m ore  s t r in g e n t  co n d itio n s , o v e rh au l 
in  th e  l ig h t  o f re c e n t  fo u n d ry  re sea rc h  w ould  well 
p a y  fo r  th e  t im e  a n d  tro u b le  ex p en d ed . R e cen tly  
th e  a u th o r  w as c o n su lted  in  th e  m a n u fa c tu re  o f a 
su p e rh ea ted  s te am  locom otive  c y lin d e r  o f a  som e
w h a t com plex design , w hich  g av e  tro u b le  to  a ll

C
F i g .  26— cont.



533

th e  fo u n d rie s  t h a t  a tte m p te d  m a n u fa c tu re , w hilst 
som e o f th e  c y lin d e rs  t h a t  passed  inspection  
crack ed  a f te r  sh o rt  serv ice . T h e  c y lin d e r design 
was old a n d  h a d  evolved to  m ee t m o d em  cond i
tio n s . A f te r  m o d ify in g  th e  sec tio n  o f th e  p o rts , 
rem o v in g  u n n ecessa ry  ribs, bosses, d ra in -h o les , 
flanges a n d  a n  an ti-v ac u u m  valve passage, which 
was a tta c h e d  to  th e  s team  ch est, h u t  which was n o t 
used , com m ercial m a n u fa c tu re  of re liab le  cy lin d ers  
b ecam e possible.

M o d ern  D esig n .—.F reak s  o f th is  n a tu re ,  how
ev er, a re  s ti ll  en co u n te red  in  new  designs, and  
c a s tin g s  a re  req u ested  d a ily  in  w hich no co n sid era 
t io n  h as been  g iven  to  s t r e n g th  (o th e r th a n  t h a t  
of assu m in g  c a s t  iro n  to  b e  an  u n re liab le  m a te ria l  
o f c o n s tru c tio n ) o r  to  v e n tin g  an d  rem oval of 
cores.

G rey  c a s t iro n  is a  m a te ria l  t h a t  m ay e ith e r  
e x p a n d  o r  c o n tra c t  on so lid ification , b u t  which 
u n d e r  n o rm al co n d itio n s  o f m a n u fa c tu re  expands. 
T he p lac in g  of la rg e  m asses o f m eta l, th e re fo re , a t  
th e  to p  o f th e  c a s tin g  fo r  feed in g  p u rposes— a 
d esirab le  f e a tu re  in  th e  designs to  be  m ade  in 
steel, b ra ss  o r  o th e r  free ly  c o n tra c t in g  alloy— is to  
be avo ided . C a s t iro n  c a n n o t be fed  in  th e  sam e 
w ay t h a t  s tee l can , an d  feed in g  h ead s p laced  on 
th ic k  sec tions o f iro n  cas tin g s  to  a t te m p t  to  
e lim in a te  d raw s a g g ra v a te  r a th e r  th a n  m in im ise  
th e  d e fec t. F o r  th is  reaso n , heavy  m asses of m eta l 
o r  v a rio u s  sec tio n s con jo in in g , if  essen tia l in  th e  
design , should  b e  p laced  som ew here w ith in  th e  
c a s tin g , p roportion ing ; th e  sections so t h a t  th e re  is 
a  g ra d u a l c h an g e  in  th e i r  th ick n esses, and  so t h a t  
a  free  flow of m e ta l will be o b ta in ed . W here  th e  
sec tio n al ch an g es a re  a b ru p t  an d  n o t  un ifo rm ly  
p ro p o rtio n e d , one p o rtio n  of th e  m e ta l will re m a in  
flu id  an d  feed  th o se  sec tions w hich  freeze  first. 
T hese desig n s n e ce ss ita te  th e  fre e  use  of m ech an i
cal chills, w hich, se t t in g  up  u n d u e  stresses th ro u g h  
cooling s t ra in ,  a re  a  comm on cause  o f p re m a tu re  
c rac k in g  in  serv ice .

C onclusion .— I n  co n clud ing , th e  a u th o r  wishes 
to  s t a te  t h a t  th is  P a p e r  has d e a lt  only  w ith  one 
p h ase  o f th e  c y lin d e r prob lem . I t  h as  essayed to  
show t h a t  successful p ra c tic e  o f  th e  a r t  of cy lin d er 
m a n u fa c tu re  can  only be  ex p ec ted  when th e  sc ien 
tific  p rin c ip les  involved a re  u n d ersto o d , w hen
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th e re  is th e  r ig h t  co m b in a tio n  of a r t  a n d  science 
in  m a n u fa c tu re , an d  w hen th e  fo u n d ry m an  an d 1 
en g in e e r u n d e rs ta n d  a n d  recogn ise  each  o th e r ’s 
sp h e re  in  th e  p ro d u c tio n  o f th e  c a s tin g .

DISCUSSION AT COVENTRY.
T h e  P r e s i d e n t  (M r. C . D ioken, M .I .M .) , sa id  

M r. Sm alley  w as a  w ell-know n fig u re  in  th e  m e ta l
lu rg ic a l a n d  fo u n d ry  w orld, a n d  h a d  g iv en  th em  
a m o st in te re s t in g  le c tu re  on fo u n d ry  a n d  c y lin d e r 
p rob lem s w hich  w as p a r t ic u la r ly  p ra c t ic a l  a n d  
in s tru c tiv e .

A v i s i t o r  re m a rk e d  t h a t  M r. Sm alley  h a d  m en 
tio n e d  th e  use o f s tee l sh o t fo r overco m in g  p o ro 
s ity . O ould he  g iv e  d e ta ils  a s  to  how  t h e  sh o t 
w as t o  be u sed ?  H e  to o k  i t  t h a t  th e  le c tu re r  
m e a n t i t  w as used in  fa c in g  san d  in  som e way, 
a n d  an  e x p la n a tio n  o f th e  p o in t  w ould  c le a r  up  
som e d o u b t in  h is  ow n  m in d  a s  to  th e  m e th o d  o f 
d e a lin g  w ith  sh o t in  san d .

M r . F . H .  H u r r e n  confessed  t h a t  h e  h a d  lea rn ed  
m uch  fro m  th e  le c tu re , a n d , r e fe r r in g  to  
s tee l sh o t in  san d , a sked  if  M r. Sm alley  h a d  ever 
fo u n d  an y  difficulty  w ith  th e  sh o t ow ing  to  its  
u n i t in g  i ts e lf  w ith  th e  c a s tin g . T h a t  w as to  say , 
th e  h e a t  o f th e  m e ta l c au sed  th e  sh o t, a t  a n y  
r a te  on th e  su rfa ce  o f th e  core, to  a d h e re  to  th e  
c a s tin g . H e  h a d  som e p a in fu l  reco llec tio n s of 
t r y in g  ch ills on  c a s t iro n  o n  sev e ra l occasions, a n d  
a t  tim e s  th e  ch ill becam e an  in te g ra l  p a r t  o f  th e  
ca s tin g , w ith  th e  r e s u l t  t h a t  th e  e n ti r e  lo t  h a d  
to  be consigned  to  th e  sc rap  h e a p . T h e  fig u res 
t h a t  M r. S m alley  g av e  on  th e  screen  a s  to  th e  
effect of m o is tu re  on th e  b o n d in g  o f sa n d  som e
w h a t a s to n ish ed  h im . V e ry  o f te n  i t  w as t h e  
p ra c tic e  in  fo u n d rie s  to  allow th e  la b o u re r  to  w et 
dow n th e  san d , b u t  i t  a p p e a re d  16  h im  to  be a 
job  fo r sc ien tific  a p p lic a tio n , as th e  le c tu re r  h ad  
p la in ly  show n. T he v e ry  sm all d ifferences in  th e  
p e rce n ta g e  of m o is tu re  w ere, h e  n o ticed , accom 
p a n ie d  by a m ark e d  d ifferen ce  in  p e rm e a b ility , 
an d  h e  th o u g h t  t h a t  if  an y o n e  w orked  on  th e  
lin es in d ic a te d  by  M r. Sm alley , th e y  w ould find  
t h a t  a g re en -sa n d  m ould  could be m ad e  w hich 
would s ta n d  up  a  g r e a t  deal b e t te r ,  an d , a s  th e  
le c tu re r  sa id , save th e  t ro u b le  a n d  ex pense  of 
d ry in g . I f  h e  u n d e rs to o d  M r. S m alley  r ig h tly ,
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th e re  was one p o in t  on  w hich he  d id  n o t ag ree  
w ith  h im , fo r he g a th e re d  t h a t  he  sa id  B rin e ll 
h a rd n ess  w as no  in d ic a tio n  o f th e  life  of a cy lin d er. 
F o r  m any  y ears  th ey  h a d  ta k e n  a t  h is firm ’s 
fo u n d ry  B rin e ll h a rd n e ss  nu m b ers on  d iffe ren t 
p o rtio n s  o f th e  c a s tin g  for cy linders , an d  they  
a lw ays took  p a r tic u la r  B rin e ll nu m b ers on p a r 
t ic u la r  p a r ts . T he re su lt  was t h a t  th e y  found  
tw o th in g s :  first, t h a t  th e  B rin e ll n u m b er was an  
in d ic a tio n  a s  to  w h e th er th e  m ac h in is t w as com ing 
dow n to  g ru m b le  ab o u t th e  ca s tin g  b e in g  to o  h a r d ; 
an d , secondly, t h a t  w hen th e  B rin e ll n u m b er was 
low, th e y  w ould p ro b ab ly  m ee t w ith  a  co m p la in t 
from  th e  c u sto m er som e m o n th s la te r  t h a t  th e  
c y lin d e r w as w earin g  bad ly . T hey  en d eavoured  
from  y e a rs  o f te s t  ex p erien ce  to  keep th e i r  B rin e ll 
n u m b ers  w ith in  a  c e r ta in  ra n g e , an d  w hilst th ey  
d id  th is  th e y  in v a riab ly  fo u n d  t h a t  th ey  could 
o b ta in  a cy lin d er w ith  a fa ir ly  long  life . H e  would 
n o t say  th e  te s t  was a  com plete in d ic a tio n  of th e  
life  of a  cy lin d e r, b u t  i t  d id  g ive  som e know ledge 
as to  w h a t one m ig h t expect.

THE AUTHOR’S REPLY.

M r. S m alley  in fo rm ed  h is  au d ien ce  t h a t  th e  
use  o f steel sh o t h a d  been confined to  cores only. 
T he q u a n ti ty  necessary  is d e te rm in e d  by th e  r a te  
of coo ling  desired . W h ere  a  sm all hole is to  bo 
cored o u t  of a la rg e  m ass of m eta l, th e  core  should 
be m ade  e n tire ly  from  steel sho t, bo n d in g  w ith  any  
w ell-know n core o il such  as linseed  o il. W h ere  
such  ra p id  cooling was n o t necessary  th e  steel 
sh o t m ay  be m ixed  w ith  sea -san d  o r  a  m ould ing  
san d  in  an y  d esired  p ro p o rtio n . H e  could n o t 
g ive d e fin ite  h e a t-co n d u c tiv ity  figures fo r th e  v a ry 
in g  p ro p o rtio n s , b u t  som e id ea  could be read ily  
fo rm ed  by assu m in g  th e  heat-o o n d u cti v i ty  o f th e  
s te e l sh o t to  be  12 tim es t h a t  o f sea-sand . In  
th e  use  o f th is  m a te r ia l  i t  is  im p o r ta n t  to  keep 
i t  free  from  ru s t. I t  m ay  be se p a ra ted  from  th e  
san d  by p ass in g  th ro u g h  a  m ag n e tic  s e p a ra to r  o r 
by  jig g in g . A nsw ering  M r. H u rre n , th e  le c tu re r  
sa id  he h a d  n o t  exp erien ced  any  d ifficulty  from  
th e  m e ta l b u rn in g  on to  th e  steel sh o t o r  on  to  
th e  o rd in a ry  solid chills. H e  recom m ended th e  
use of a g ra p h ite , o r  g rap h ite -o h in a -e lay  m ix tu re  
as fa c in g  m ixed  w ith  kerosene. C hills should
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n ev er be m ad e  from  a  low m e ltin g -p o in t p h o sp h o ric  
iro n , o r  t ro u b le  w ill be e n c o u n te re d  from  seizing .

The Brinell Test.
Possib ly , M r. H u r re n  h a d  m isu n d e rs to o d  h is  

re m a rk s  re g a rd in g  th e  B rin e ll te s t .  H e  d id  n o t  
say  t h a t  th e  B rin e ll t e s t  w as o f no  v a lu e  in  d e te r 
m in in g  th e  life  of a c y lin d e r, b u t  t h a t  i t  w as n o t 
a m easu re  of te n a c ity  h a rd n ess  o r  h a rd n e ss  a s  is 
g e n e ra lly  u n d e rs to o d  by th e  te rm . I t  w as n o t  e  
t e s t  t h a t  could  be used  u n iv e rsa lly  a s  a  s ta n d a rd  
m easu re  o f th e  life  of a c y lin d e r  in  se rv ice . I t  
was, n ev erth e less , u se fu l fo r  c o n tro l p u rp o ses in  
in d iv id u a l fo u n d rie s . I t  affo rded  u se fu l in fo rm a 
tio n  oil th e  te x tu r e ,  so lid ity  a n d  m a c h in a b ili ty  o f 
c a s t  iro n . I n  re p ly  to  M r. J u d d ,  r e g a rd in g  th e  
design  o f a  p y ro m e te r  fo r  m e a su r in g  th e  te m p e ra 
t u r e  o f  c a s t  iro n , h e  w ould  r e fe r  h im  to  a  p y ro 
m e te r, fu ll p a r tic u la r s  o f w h ich  w ere  g iv en  in  th e  
“  P ro c e ed in g s  o f I n s t i tu t e  of B r i t is h  F o u n d ry -  
m e n ,”  1921-22, p a g e  698. T h is  p y ro m e te r  h a d  
been in  d a ily  use  fo r th re e  y e a rs , a n d  th e  to ta l  
cost o f u p k eep  w as less th a n  £ 10 .

DISCUSSION AT SHEFFIELD.
T h e  P r e s i d e n t  (M r. J o h n  Shaw ) m en tio n ed  t h a t  

M r. S m alley ’s p o sitio n  a s  a tec h n ica l a d v ise r to  a 
la rg e  concern  m ad e  i t  necessa ry  t h a t  he  h a d  n o t  
on ly  to  d isco v er de fec ts , b u t  he  h a d  to  p u t  th em  
r ig h t.

Aluminium and Blow Holes.
M r . R o b i n s o n  sa id  h e  (M r. R o b in so n ) h a d  

en co u n te re d  blow holes w hich w ere  n o t  b lam ed  on 
to  th e  san d . H e  w ould lik e  to  know  w h e th e r th e  
le c tu re r  h a d  ever com e across blow holes in  cas t
ings w hich w ere a sc rib ed  to  a  sm all p e rc e n ta g e  of 
a lu m in iu m  in  th e  iro n . A t th e  p re se n t  t im e  th is  
was a  th in g  in  w hich  he  w as p a r tic u la r ly  in te re s te d . 
T h e  p e rc e n ta g e  h a d  o n ly  been  a b o u t 0 .04  o f 
a lu m in iu m  in  th e  iro n . T h e  le c tu re r  h a d  m en 
tio n e d  th e  s t ru c tu re s  o f c y lin d e r iro n s , a n d  h e  h a d  
also  g iv en  th e  com positions. R e c e n tly ’h e  h a d  been 
in  co n v ersa tio n  w ith  a  fa ir ly  h ig h ’ a u th o r i ty  in  
th e  M id lan d s  w ith  re g a rd  to  cy lin d e r iro n s  fo r 
m o to r w ork, a n d  he  recom m ended  a f in e -g ra in ed  
cy lin d e r iro n , b u t  if  th e y  h a d  to  p ro d u ce  such  a
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s t r u c tu r e  by  red u c in g  th e  p h osphorus c o n te n t by 
u s in g  h e m a tite  i t  would be  d ifficult to  m ake  them  
m ix th o ro u g h ly  a n d  a t  th e  sam e tim e  to  g iv e  th e  
fine g ra in  necessary  fo r  c y lin d e r cas tin g s. 
D u r in g  th e  w ar fo u n d ry m en  w ere all m ore 
or less u p  a g a in s t  a  specified p h o sphorus 
c o n te n t  in  th e  com position  o f c a s t  iro n  su p p lied  
fo r  w a r m easu res. In  o rd e r to  g e t th a t  down it  
was a lw ays n e c e ssa ry . to  use e ith e r  a  c e r ta in  
a m o u n t o f s teel o r  h e m a tite  in  th e  m ixes. T h is  
q u estio n  h a d  c ro p p ed  u p *  w h e th er by  m ix in g  a 
la rg e  q u a n ti ty  o f co arse -g ra in ed  iro n  in  th e  shape  
o f h e m a tite  w ith  a  cy lin d e r iro n  which h a d  a 
h ig h e r  p h o sp h o ru s c o n te n t th a n  was req u ire d , 
i t  w ould m ix  a n d  p ro d u c e  a su itab le  cy lin 
d e r  g ra in . A  le c tu re r  a t  C o v en try  h a d  s ta te d  
t h a t  be tw een  0.3, a n d  0 .8  p e r  c en t, phosphorus 
gav e  a  g re a te r  d a n g e r  zone th a n  w hen i t  was 
below 0.3 a n d  above 0 .8  p e r  cen t. W ith  re g a rd  to  
one o f th e  specim ens show n o f th e  T unn ing  of loco
m o tiv e  c y lin d e r cas tin g s, h e  once h a d  c h a rg e  of a 
shop w here  th ey  w ere m ak in g  locom otive cy lin d ers , 
a n d  th e y  were a ll  c a s t  on th e  f la t. T hey  n ev er 
h a d  one re tu rn e d . H e  w as v ery  m uch  m ore  in  
fa v o u r of ru n n in g  th em  s t r a ig h t  down, a n d  no t, 
as th e  le c tu re r  sa id , ru n n in g  p a r t  in  a t  th e  b o tto m  
a n d  p a r t  a t  th e  to p . M en tio n  w as m ade w ith  
re g a rd  to  m illin g  s a n d  a n d  p e rm e ab ility . H a d  
M r. Sm alley  an y  ex p erien ce  w ith  re g a rd  to  th e  
m illin g  o f sea  san d  a n d  o il?  D id  he co n sid er th e re  
w as an y  d am ag e  done by m illin g  i t ,  an d  would i t  
h a v e  a  d e tr im e n ta l  effect on  th e  p e rm e ab ility ?

Strength to be Associated with Thin Sections.
M r . E v a n s , r e fe r r in g  to  th e  qu estio n  of design , 

p o in te d  o u t  t h a t  g e t t in g  a th ic k e r  ca s tin g  d id  n o t 
s tre n g th e n  it.  I n  fa c t, in  m an y  cy lin d er cas tin g s  
th e y  cou ld  ta k e  off 30 p e r cen t, o f th e  w e ig h t and  
g e t  a  s tro n g e r  cas tin g . I f  som e of th e  difficulties 
of th e  fo u n d ry m an  w ere u n d e rsto o d  in  th e  d raw 
in g  office m uch  o f th e i r  t ro u b le  would be overcom e. 
H e  th o u g h t th e  c a s tin g s  were b e t te r  ru n  th ro u g h  
quickly .

M r. E d g i n t o n , sp eak in g  o f L. P . m arin e  en g in e  
cy linders , th o u g h t . t h a t  slow ru n n in g  would be 
d e tr im e n ta l.  W ith  re g a rd  to  th e  c h ap le ts , views 
of which th e  lec tu re r  h ad  shown them , he th o u g h t
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i t  was a  q u estio n  o f th e  te m p e ra tu re  o f th e  m eta l 
ru n  in to  th e  m ould , w h e th er th ey  o b ta in e d  a 
p ro p e r weld o f th e  ch ap le t. I f  th e  m e ta l w as ru n  
fa ir ly  cold, one could  n e v er h ope  to  g e t  a  t ig h t  
w elding ro u n d  th e  c h ap le t. T h e  le c tu re r  h a d  show n 
a slide of a  locom otive c y lin d e r w hich h a d  been  
ru n  h o rizo n ta lly , w ith  th e  tro u b le  t h a t  d i r t  
g a th e re d  ro u n d  th e  p o r t  cores. T h a t  tro u b le  
o c cu rre d  w hen th e y  w ere  ru n  v e r tic a lly , th e  on ly  
difference  b e in g  t h a t  th e  tro u b le  a p p e a re d  low er 
dow n in  th e  bore.

M r . G r e e n  t h o u g h t  t h a t  s lo w  r u n n i n g  a n d  d u l l  
m e t a l  w a s  o n e  o f  t h e  w o r s t  t h i n g s  t h a t  t h e  
f o u n d r y m a n  h a d  t o  d e a l  w i t h .

Flat o r Vertical Casting fo r Cylinders.
M r. W e b s t e r  sa id  t h a t ,  so' f a r  as c y lin d e r 

m ak in g  w en t, c a s tin g  th em  on th e  fla t, h e  would 
be in c lin ed  to  say  t h a t  w ith  h o t  m e ltin g  a n d  h o t  
p o u rin g  th e re  was n o t v e ry  m u ch  m o re  r is k  th a n  
th e re  was in  any  o rd in a ry  e n g in e e r in g  c a s tin g  t h a t  
re q u ire d  to  be  of good finish. H a d  M r. 
S m alley  h a d  a n y th in g  to  do  w ith  20- in . d ia . 
p is to n  v a lv e  loco, c y lin d e rs?  Tf h e  h a d , which 
w ay w ould he c a s t  th em , how w ould  he  r u n  th em , 
how w ould h e  p ro p o se  to  fe ed  th em , a n d  w h a t w ere 
th e  com m on d ifficu lties g e n e ra lly  m et w ith ?

Co-operation.
C a p t . D i d d e n , sp e a k in g  m ore  as a n  e n g in e e r  

th a n  a  fo u n d ry m a n , sa id  h e  w ould l ik e  to  see m ore  
co -o p era tio n  be tw een  e n g in e e rs  a n d  fo u n d ry m en . 
H is own ex p erien ce , b o th  in  E u ro p e  a n d  in  
A m erica, h a d  been  t h a t  th e re  h a d  n o t  been  a n y 
th in g  lik e  th e  co -o p era tio n  b e tw een  th e  tw o  t h a t  
th e re  shou ld  be. I t  was r a th e r  in te r e s t in g  o n  
th is  p o in t to  re ca ll a  P re s id e n tia l  a d d re ss  by 
S ir  J o h n  D u ra n c e  a  few  w eeks ago, in  w hich  hie 
m ade  t h a t  sam e re m a rk . C om ing fro m  a m an  of 
th e  c a lib re  o f  S ir  J o h n ,  a n d  be in g  m e n tio n ed  th a t  
n ig h t 'by M r. Sm alley , i t  show ed th e  ten d e n cy  
to -d ay  t h a t  e n g in e e rs  a n d  fo u n d ry m en  w ere 
b e g in n in g  to  re a lise  t h a t  th e r e  should  be  g r e a te r  
c o -o p era tio n . One th in g  t h a t  S ir  J o h n  m en tio n ed  
was t h a t  m ost of th e  a p p re n tic e s  in, th e  e n g in e e r in g  
t ra d e s  to -d ay  d id  n o t go in to  th e  fo u n d ry  a s  m uch  
as th e y  sh o u ld  do. T h ey  w orked  by ru le  o f th u m b
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la id  dow n b y  th e ir  p redecessors, an d  th ey  knew  
very  l i t t le  of th e  a c tu a l  fo u n d ry  co n d itio n s. A 
boy in  th e  e n g in e e rin g  t r a d e  h a d  a  superficial 
know ledge of w h a t w as g o ing  on in  th e  fo u n d ry , 
b u t  99 p e r  cen t, o f th e  a p p re n tic e s  could  n o t 
answ er if th ey  w ere asked th e  reaso n  c e r ta in  th in g s  
w ere done. I n  th e  fu tu r e  i t  should  be la id  down 
as p a r t  o f th e  c u rric u lu m  t h a t  e n g in eer a p p re n 
tices should  h av e  a  co u rse  in th e  fo u n d ry . T his 
would g iv e  th e m  a  sound  know ledge, so t h a t  as 
e n g in e e rs  th e y  could  a p p re c ia te  th e  m any  
d ifficu lties wdiich fo u n d ry m en  h a d  to  m eet.

Casting Temperature for Loco. Cylinders.

M r. P e m b e r t o n  re m a rk ed  t h a t  M r. Sm alley  h a d  
to ld  th e m  som e o f th e  m eth o d s o f e lim in a tin g  
d ifficulties, b u t  h e  w as n o t q u ite  su re  
w h e th er th ey  w ere a lto g e th e r  p ra c tic a l of accom 
p lish m en t in  th e  fo u n d ry . O ne o f th e  p o in ts  ra ised  
was w ith  re g a rd  to  th e  B rin e ll h a rd n ess  te s t .  H e  
u n d e rsto o d  M r. S m alley  to  say  t h a t  th is  d id  n o t 
in d ic a te  th e  life  n o r  th e  h a rd n ess  o f th e  cas tin g . 
W h a t  d id  i t  in d ic a te ?  H e  w ould like  to  know  th e  
c o rre c t te m p e ra tu re  a t  which to  ru n  a  locom otive 
cy lin d er.

THE AUTHOR’S REPLY.
I n  re p ly  to  M r. R o b inson , M r . S m a l l f .y sa id  ho 

d id  n o t  see  how 0.04 p e r  cen t, a lu m in iu m  could  be 
b lam ed fo r  th e  blow-holes r e fe r re d  to . U n til  
f u r th e r  in fo rm a tio n  was fo rth co m in g  w ith  re g a rd  
to  th e  com position  of th e  iro n  an d  th e  m ix tu re  
u sed  in  th e  cupola , i t  w as im possible to  m ak e  any  
f u r th e r  re m a rk . W ith  re g a rd  to  th e  m illin g  
o f sea  sand  a n d  core-oil, h is  ex p erien ce  w as th a t ,  
p ro v id ed  a l ig h t  m ill w as u sed —th e  tim e  of m illing  
was less th a n  five m in u te s—th e re  would be no 
i ll  effects.

Permeability and Strength of Moulding Sands.
I n  re p ly  to  M r. E v an s  re g a rd in g  m ou ld ing  sand  

te s ts , p e rm e a b ility  to gas a n d  s tre n g th  should  go  
h a n d  in  h an d . I t  w as u su a l to  find th e  b o n d in g  
s tre n g th  w as increased  a t  th e  expense of th e  v e n t
in g  power. T he only m ethod  to  o b v ia te  th is  and  
o b ta in  th e  d esired  com b in a tio n  of bo n d in g  s tre n g th  
a n d  p e rm e ab ility  w as by  te s tin g  th e  sand  in  th e
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m a n n e r  o u tlin e d . As to  “ r a te  o f r u n n in g ,”  he  
th o u g h t M r. E v an s  h a d  m isu n d ers to o d  h im . l i e  d id  
n o t a d v o ca te  e ith e r  slow o r q u ick  ru n n in g  of cy lin d e r 
cas tin g s . T he te rm s  p e rm it te d  to o  w ide a  la t i tu d e  
in  th e i r  express io n . H e  h a d  show n th e m  o n  th e  
screen  c e r ta in  re su lts  o b ta in e d  from  a  com plex 
c a s tin g  w hen ev ery  v a r ia b le  h a d  been e lim in a ted , 
as f a r  as was p ra c tic a l,  ex ce p t th e ' “ r a te  o f r u n 
n in g ,”  which is an  im p o r ta n t  fa c to r  in  th e  c o n tro l 
of th e  “ so lid ity  o r  s o u n d n e s s ”  o f c y lin d e r  c a s t
ings, o n e  t h a t  m u s t rece iv e  d u e  c o n sid e ra tio n . 
W ith o u t  ta k in g  p recise  exam ples, i t  w as v e ry  
d ifficult to  say  w h e th e r a c y lin d e r  m ould  shou ld  be 
filled qu ick ly  o r  slowly.

Vertical Casting Preferred.
A n sw erin g  M r. E d g in to n , th e  le c tu re r  sa id  t h a t  

c a s tin g  cy lin d e rs  v e r tic a lly  was, on  th e  whole, pro- 
fe rab le  to  c a s tin g  f la t, o w in g  to  m e ta l h a v in g  a 
f re e r  flow a n d  to  th e re  b e in g  less ch an ce  o f t r a p 
p in g  scum . S h o u ld  a n y  difficulty  be  e n co u n te re d  
w ith  th e  l a t t e r  h e  ad v o ca ted  b e lly in g  th e  b a r re l  
core  a t  th e  p o rts , o r  p a ss in g  a  r is e r  th ro u g h  th e  
p o r t  to  th e  h e a d  o f t h e  c a s tin g . N e i th e r  of 
th ese  should  be  necessary  if  th e  m e ta l is m elted  
c o rrec tly , p o u red  h o t, and  th e  c a s tin g  is  su ita b ly  
ru n . I f  w ith  th e se  p re c a u tio n s  th e  desig n  is such 
as s till  to  g iv e  tro u b le ,' h e  reco m m en d ed  th e  use 
o f a  b o tto m -p o u re d  lad le .

A nsw ering  M r. G reen , M e. S m a l l e y  sa id  t h a t  
h e  used  ch ill-cast p ig -iro n  fo r  th e  re a so n s  o u tlin e d  
in  th e  P a p e r . Such  iro n  is a lso c h e a p e r  th a n  
sa n d -ca s t p ig -iro n , an d  is m o re  econom ical in  use.

Science—Not Chemistry.
I n  re p ly  to  M r. W eb s te r, th e  le c tu re r  sa id  t h a t  

unless th e  m oulds could be p re p a re d  fro m  d ay  to  
d ay  w ith  a  c e r ta in  a ssu ra n ce  t h a t  s im ila r  co n d itio n s  
w ere b e in g  rep ro d u ced , h e  could  n o t  see  how  i t  was 
possib le to  avo id  m ak in g  b ad  cas tin g s . H e  h a d  
su g g ested  san d  te s ts  a n d  a  c o n tro l of o th e r  fa c to rs  
to  th is  end . I f  M r. W eb s te r  h a d  such  a  c o n tro l 
of th o se  fa c to rs , a lth o u g h  h e  co u ld  n o t  f ig u re  i t  
o u t  in  te c h n ica l te rm s, th e n  h is  c a s tin g s  w ere  
assu red , a n d  he  h a d  in  h is  fo u n d ry  sc ie n tific  
control. Sc ience  is  too com m only  associa ted  w ith  
th e  chem ist, a  b e in g  o f te n  le a rn e d  in  m an y  th e o rie s  
w hich hav e  n o t been  proved . Science  is know ledge,



a n d  th e  a im  o f science is to  reduce m a n u fa c tu re  
to  a precise basis. W ith  re g a rd  to  th e  cy lin d ers  
re fe r re d  to., h e  a lw ays c a s t t h a t  ty p e  v e rtica lly , 
ru n n in g  fro m  th e  b o ttom  quick ly  u n t i l  th e  m ould 
was n e a r ly  fu ll, th e n  h e  opened  th re e  to p  je ts , 
spaced  equally  ro u n d  th e  flange. H e  d id  n o t 
ad v o ca te  a feed in g  rod  b u t  p re fe r re d  to  a d ju s t  h is 
r ise rs  so t h a t  th e y  could au to m a tica lly  feed  o r 
c o u n te ra c t  a n y  d raw  t h a t  m ig h t occur. A t th e  
heav y  sec tion  above th e  p o r ts  h e  used  chills. H e 
ag reed  w ith  th e  re m a rk s  m ad e  by C ap t. D idden  
w ith  re g a rd  to  th e  t r a in in g  o f ap p ren tic e s , an d  
considered  i t  to  be one of th e  m o st serious problem s 
of to -d ay . I n  re p ly  to  th e  q u estio n  by M r. P e m 
b e rto n  as to  th e  b est te m p e ra tu re  fo r c a s tin g  loco
m o tiv e  cy lin d ers , h e  sa id  t h a t  th e  ra n g e  h e  used  
was 1,325— 1,340 deg. C . W ith  re g a rd  to  th e  
B rin e ll te s t ,  h e  suggests t h a t  th is  m easures 
so lid ity  a n d  n o t  h a rd n ess  a s  is o rd in a r ily  u n d e r
stood by th e  te rm .

A re so lu tio n  of th a n k s  was accorded M r. Sm alley.

Joint Discussion at Newcastle with the N.E.C.I.E.S.
M e . H a r o l d  T h o m s o n  ( th e  C h a irm a n ), open

ing  th e  d iscussion , to u ch ed  u pon  th e  neces
s ity  fo r  f u r th e r  sc ien tific  in v es tig a tio n  in to  
th e  a r t  of p ro d u c in g  so u n d  cas tin g s, .and sa id  
he th o u g h t t h a t  M r. S m a lley ’s  P a p e r  h a d  gone a  
long  step  in t h a t  d irec tio n  b o th  w ith  re g a rd  to  
cy lin d ers  a n d  o th e r  cas tin g s. H e supposed t h a t  
th e  ex p erien ce  o f m ost people w as w ith  th e  c a s t
ings a f te r  th e y  h ad  been d e liv e red  to  th e  shops, 
b u t  now th ey  h a d  h e a rd  th e  fo u n d ry  side of th e  
q u estio n . H e  w ould lik e  to  know  w h a t th e  lec tu re r  
would su g g est, from  th e  fo u n d ry m a n ’s p o in t of 
view , as a s u b s t i tu te  fo r  th e  B rin e ll h a rd n ess  te s t.

M e . A. D . B r u c e  (M .N .E .C .I .E jS .)  ag reed  w ith  
M r. 'Sm alley th a t ,  in a  c e r ta in  sense, th e  en g in eer 
d id  n o t g iv e  m uch p ra c tic a l a ssistance . In  looking 
a t  th e  q u estion  from  th e  e n g in e e r’s p o in t o f view, 
how ever, h e  f e lt  t h a t  p e rh a p s  M r. Sm alley  had  
g iv en  th e  d esig n er a  su b o rd in a te  p o sitio n . In  th e  
case o f m arin e-en g in e-cy lin d e r cas tin g s, he th o u g h t 
t h a t  m an y  of th e  im p rovem en ts in  re lia b ility  .had 
re su lte d  from  a lte ra t io n s  in  design , b u t  he  h a d  no 
d o u b t t h a t  m uch o f th e  in sp ira tio n  t h a t  th e  
d esig n er h a d  g o t h ad  come fro m  th e  m e ta llu rg is t



and  th e  fo u n d ry m an . M r. Sm alley  h a d  m en tio n ed  
t h a t  a  w ell-designed c a s tin g  .was o n e  whose sec tio n s 
w ere no  th ic k e r  th a n  was e sse n tia l to  th e  d esired  
u n i t  o f  s t r e n g th ,  a n d  h e  (M r. B ru ce) w ould like  
to  know  w h a t th e  d esired  u n i t  o f  s t r e n g th  was. 
H e  w ould lik e  to. h a v e  th e  a u th o r ’s  view s u p o n  
M u irh e ad  m e ta l a n d  to  know  i ts  com position , 
an d  he w ould  a lso he g lad  to  h a v e  h is 
op in io n  u p o n  th e  v a lu e  of a n n ea lin g .

Is Special Pig Necessary for Good Castings?

M u. W . J .  P a u l i n  sa id  t h a t  th e  a u th o r  n a tu r a l ly  
e n d ea v o u red  to  m ak e  a good case fo r  th e  sc ien tific  
co n tro l o f t h e  fo u n d ry , h u t  o n e  w o n d ered  w h e th er 
i t  w as an y  lo n g e r  necessa ry  to  p ress  t h a t  p o in t.

M r. Sm alley  h a d  m en tio n ed  th e  m illin g  o f sa n d  
fo r  d ry  s a n d  m oulds, b u t  w as t h a t  n o t  r a th e r  a n  
uncom m on p ra c tic e , a n d  d id  i t  n o t  t e n d  to  
d im in ish  th e  v e n ti la t io n ?

H e  d id  n o t  u n d e rs ta n d  M r. .Sm alley’s  re m a rk  
t h a t  v e ry  few  m an a g e rs  a n d  fo rem en  w ould  
g u a ra n te e  th e i r  c a s tin g s , because , o f co u rse , th e  
firm  m u s t g u a ra n te e  th e  c a s tin g s , a n d  i t  w as diffi
c u lt  to  see how th e  fo rem an  cou ld  escap e  d o in g  so, 
a t  le a s t  by  im p lica tio n .

In  sp e a k in g  a b o u t o u p o la-m elted  g re y  iro n , M r. 
Sm alley  h a d  r e fe r re d  to  th e  se lec tio n  of p ig  on  th e  
basis o f chem ical com position , b u t  h e  (M r. P a u lin )  
p re su m ed  t h a t  i t  w ould be  im possib le  to  a n a ly se  
ev ery  p ig , a n d  th e re fo re  th ey  m u s t ju d g e  by th e  
re la tiv e  a p p e a ra n c e  o f th e  f r a c tu r e  of th e  n e ig h 
b o u rin g  p igs a t  th e  t im e  o f analy sis .

M r. S m alley  h a d  s ta te d  t h a t  h e  p re p a re d  a  
specia l p ig -iro n  in  ch ill m oulds, b u t  d id  lie  con
sid e r th is  necessa ry  to  th e  p ro d u c tio n  o f  good 
cas tin g s?  H e  (M r. P a u lin )  th o u g h t  t h a t  i t  w ould 
be difficult, in  th e s e  d ay s o f k een  c o m p e titio n , to  
secu re  w ork  on  su ch  lines.

The le c tu re r  h a d  show n som e v a ry in g  te n s ile  
s tre n g th s  o b ta in e d  fro m  th e  c y lin d e r  i ro n  of d if
f e re n t  th ick n esses. T h e  m o st im p o r ta n t  f e a tu re  
c o n tro llin g  th e  te n s ile  s tr e n g th  w as u n d o u b ted ly  
th e  v a r ia tio n s  in  r a t e  o f cooling, fo r  w ould i t  n o t 
be m ore u n ifo rm  th ro u g h o u t  w ith  a p p ro x im a te ly  
s im u lta n eo u s  coo ling?

M r. ¡Smalley h a d  sa id  t h a t  m ech an ica l ch ills  w ere 
a com m on cau se  of p re m a tu re  c ra c k in g  in  service.
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H is  ow n experien ce , how ever, was d iffe re n t from  
M r. S m alley ’s, an d  he h a d  used  ohills w ith  p e rfe c t 
confidence in  th e  know ledge t h a t  he  cou ld  secure  
g r e a t  freedom  from  poirosity a n d  open  g ra in . T hey  
now used  sem i-steel fo r th e  p ro d u c tio n  of sm all 
cy lin d ers , an d  i t  h a d  heen  m ark ed ly  successful on 
a cco u n t of i t s  close g ra in  a n d  th e  good po lish  t h a t  
cou ld  be o b ta in e d , a n d  a lso  because th ey  could use 
ch ills  on  heavy  bosses a n d  g e t  good Tesults. I t  
w ould be in te re s t in g  to  h e a r  M r. Sm alley ’s  views 
upon  th e  use  o f sem i-steel fo r cy lin d e js .

American Locomotive Cylinders.
M it. J .  W . H o b s o n  (M .N .E .C .I .E .S .)  sa id  th a t  

A m erican  locom otive cy lin d er designs w ere m uch 
m ore  com plica ted , b u t  h e  cou ld  n o t  sa y  d e fin ite ly  
t h a t  th e y  had  less re je c tio n s  th a n  th e  B ritish . H e  
u n d e rs to o d  th a t  th e  A m erican  cy lin d ers  w ere so fte r  
th a n  th e  B ritish , be ing  ch eap er in  m ach in in g  
o p e ra tio n  b u t  n o t h a v in g  th e  la s tin g  q u a lit ie s  in  
service.

T h e  a u th o r  h a d  re fe r re d  to  h is  ex p erien ce  in  th e  
case of a  c e r ta in  cy lin d er of old design  w hich  h ad  
been  a l te r e d  to  m ee t m o d ern  co n d itio n s. H e  (M r. 
H obson) a lso  h a d  h a d  ex p erien ce  w ith  t h a t  design, 
b u t ,  fo r tu n a te ly , th ey  h ad  n o t ex p erien ced  th e  
e x tre m e  d ifficu lties described  by th e  a u th o r , 
a lth o u g h  th e  a d d it io n s  to  th e  o rig in a l design  
u n d o u b ted ly  ad d ed  to  th e  d ifficulties of fo u nd ing . 
T h e ir  u su a l p ro c ed u re  in  th e  case of new designs 
o r  m odifications was to  b r in g  th e  desig n er, th e  
p a tte rn m a k e r  an d  th e  fo u n d e r to g e th e r  fo r a  d is
cussion b e fo re  issu in g  th e  w ork ing  d raw in g  a n d  
m ak in g  th e  p a tte rn s ,  a n d  he  th o u g h t t h a t  th is  fa c t 
m ig h t be responsib le  fo r  th e i r  success.

On th e  m otion  o f M a. C . W a l d ie  C a ir n s  (Vice- 
P re s id e n t,  N .E .C .I .E .S .) ,  a v o te  of th a n k s  was 
u n an im o u sly  accorded to  M r. Sm alley  fo r  h is 
P a p e r .

The Moulder and the Scientist.
M r . H . J .  Y o u n g  (m e m b e r )  w r o t e : — T h e  m a j o r  

d i f f ic u l ty  of a n y o n e  w h o s e  d u t y  i f  w a s  t o  a p p ly  
s c ie n c e  w a s  t h a t  o f  e x p r e s s in g  h i s  o p in io n s  in  s u c h  
t e r m s  a n d  in  s u c h  m a n n e r  a s  t o  m a k e  t h e m  f o r c e f u l  
a n d ,  a t  t h e  s a m e  t i m e ,  p a l a t a b l e  t o  t h o s e  w h o se  
e d u c a t i o n  a n d  e x p e r i e n c e  h a d  b e e n  in  o t h e r  d i r e c 
t i o n s  o r  u p o n  a  lesser scale.
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I t  was u n f a ir  to  b lam e th e  m o u ld er fo r  a  f a ilu re  
if  th e r e  w as n o  con v in c in g  ev idence  t h a t  th e  f a u l t  
was ihis. T h e  p o ss ib ility  of o b ta in in g  a  so u n d  
c a s tin g  d id  dep en d , a n d  e v e r w ould d ep en d , p a r t ly  
u p o n  p a s t  ex p erien ce  a n d  p a r t ly  u p o n  ch an ce . 
W h a t  success in  th is  w orld  d id  n o t  d ep en d  m o re  o r  
less u p o n  th ese  tw o fa c to rs?

I t  w as u n tru e ,  as a g e n e ra l ru le , to  say  th a t  
science o r  a n y  in n o v a tio n  w as deep ly  re se n te d  by 
th e  m o u ld er, a n d  re se n tm e n t o f  th is  k in d  was 
g e n e ia lly  d u e  to  th e  sc ien tific  m a n ’s la c k  of u n d e r 
s ta n d in g  a n d  a p p re c ia tio n  of th e  p ra c t ic a l  m a n ’s 
p o in t  o f view  a n d  p e rso n a lity .

T h e  a u th o r  co m p la in ed  t h a t  th e  fo u n d ry m a n  w as 
v e ry  r e lu c ta n t  to  c h an g e  h is  ra w  m a te r ia ls  i f  th o se  
in  use were g iv in g  sa tis fa c tio n . T h a t  w as a n  e x t r a 
o rd in a ry  c h a rg e , because , even  i f  a  m a te r ia l  was 
no  b e tte r  n o r  w orse th a n  a n o th e r ,  i t  d id  n o t  follow  
t h a t  th e  m an  accu sto m ed  to  w o rk in g  w ith  th e  o ne  
would m ee t w ith  e q u a l success w hen  h e  ch an g ed  
o ver to  t h e  o th e r .  T h e  re lu c ta n c e  co m p la in ed  
a b o u t by  M r. Sm alley  th e re fo re  w as o f te n  a 
b lessing  in  d isgu ise , a n d  p re v e n te d  th e  in d is c re e t 
a d o p tio n  o f “  g am b le s .”

A f te r  c r it ic is in g  th e  e m p ir ic a l m eth o d s o f  th e  
m ou lder, th e  a u th o r  s a i d : — “ I t  was re m a rk a b le  
t h a t  good c a s tin g s  w ere  s ti ll  b e in g  p ro d u c ed  from  
such  e m p ir ic a l d a ta ,  a n d  ( it)  spoke h ig h ly  fo r  th e  
sk ill o f  th e  m o u ld e rs .”  I t  sp o k e  ju s t  as h ig h ly  fo r 
th e  e m p ir ic a l d a ta  a s  fo r  th e  m a n  u s in g  i t  t h a t  
good c a s tin g s  w ere so p ro d u ced . M r. S m alley  con
dem n ed  th e  m eth o d s  dev ised  a n d  u sed  successfu lly  
by  th e .m a n  h e  ap p la u d ed .

T h e  m o u ld e r’s ex p erien ce  w as n o t  fo u n d e d  u p o n  
san d , even th o u g h  th e  c a s tin g s  w ere, a n d  n o th in g  
M r. iSm alley m ig h t sa y  cou ld  d e tr a c t  fro m  th e  
w o n d erfu l m e th o d s b u i l t  u p  by  th e  m o u ld e r on  
e m p irica l re a so n in g . M uch  re m a in e d  fo r  sc ience  
to  do, b u t  i t  m u s t h a v e  re sp ec t fo r th e  know ledge  
o f th e  p ra c t ic a l  m an , a n d  i t  m u s t b e  w illin g  to  
co -o p era te .

Do Two Sim ilar Irons Exist?

W h ils t  a g re e in g  w ith  w h a t th e  a u th o r  h a d  sa id  
a b o u t g ra p h ite ,  he  (M r. Y oung) co u ld  n o t, fo r  o ne  
m o m ent, a g ree  t h a t  i t  w as com m on to  o b ta in  from  
tw o iro n s  of s im ila r  ch em ica l com p o sitio n , c a s t  
u n d e r  id e n tic a l c o n d itio n s , w idely d if fe re n t m ech-
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aniea.l p ro p e rtie s , because  he h ad  seen no proved  
in s ta n c e  o f th is  phenom enon in  an y  tw o norm al 
g rey  irons. O u t of th o u sa n d s  of an aly ses of te s t  
bars, ta k e n  over y e a rs  of p rac tice , he  possessed b u t 
one o r  tw o b a rs  o f precisely  s im ila r com position , 
a n d  h is  reco rds w en t to  p rove t h a t  when tw o b a rs  
w ere a lm o st a lik e  in  com position  a n d  in  cooling  
co n d itio n s, so were th e  te s ts  a lm ost a like . H e  was 
n o t r e fe r r in g  to  pig-iirons o r  c rucib le  Iro n s, b u t 
m erely  w ith  r e g a rd  to  cu p o la  m eta l a s  u sed  in 
com m erce.

T h e  tw o p ig -iro n s  show n in  F ig . 9 h a d  v ery  
d iffe re n t c a rb o n  c o n te n ts , a n d  th e re fo re  would 
b eh av e  d iffe ren tly . I f  th e  a u th o r ’s co n te n tio n  is 
t h a t  th e  d ifference  lies in  th e  fa c t  of one be ing  a 
san d -cas t h o t-b la s t iro n  an d  th e  o th e r  a cupola- 
m elted  ch ill-cast, th e n  h e  cou ld  n o t ag ree  w ith  
h im . Two e q u a lly  c lean  p ig -iro n s  of s im ila r  com
p o sitio n  would g iv e  s im ila r  re su lts , no m a t te r  how  
th e  p ig s  h a v e  been  p ro d u ced — b u t  possibly th e  
a u th o r  ho lds th e  sam e views.

Mir. iSm alley’s re m a rk s  a b o u t  p h o sphorus in 
cy lin d e r cas tin g s  w ere in te re s t in g  an d  v a lu ab le , 
and  w h a t he sa id  a b o u t scum  a n d  its  id en tif ica tio n  
confirm ed w h a t had  been  p o in te d  o u t by M r. W ood 
and  th e  w rite r .

T h e  a u th o r  knew  fu ll well how m uch h e  (M r. 
Y oung) h ad  a p p re c ia te d  h is  work in th e  p a s t, and  
i t  w as w ith  r e g re t  t h a t  h e  now c r itic ised  adversely  
M r. Sm alley ’s -a ttitu d e  as -a w orks chem ist dea lin g  
w ith  m en o f lesser ed u ca tio n  th a n  h im self— m en 
who m ade no p re te n ce  o f a  know ledge o f science, 
who d id  n o t know  -what science was. I t  was u p  to  
th e  chem ist to  show h im , n o t to  figh t him .

M r. M i l l s  w ro te  re fe r r in g  to  M r. -Sm alleys 
re m a rk s  as to  a  su p e rh ea ted  steam  loco-cylinder, 
a n d  expressed  th e  view  t h a t  i t  w as t r u e  t h a t  th e  
design  w as in  need of im p ro v em en t, b u t  successful 
c a s tin g s  h ad  been  m ade w ith o u t th e  m odifications 
suggested  by M r. Sm alley .

Som e locom otive specifications d em anded  th a t  
th e  m eta l to  be used  in c a s tin g  cy lin d ers  m u st be 
seven tim es  p o u red . W ill M r. Sm alley g ive h is 
o p in io n  as to  w h e th er th is  would b re ak  up  th e  
la rg e  g ra p h itic  s t r u c tu r e  shown in F ig . 9 (a ), o r  
w he ther chill m oulds w ere e ssen tia l?  Also would 
th e  use of chill m oulds e lim in a te  th e  expense of

T



546 '

th e  specified  p ro c ed u re ?  T he a u th o r  a p p e a re d  to  
h av e  been verv  successful w ith  m e ta l c a s t  to  th e  
A m erican  sp e c if ic a tio n ; in d eed , local ex p e rien c e  of 
A m erican  c y lin d e rs  su g g ested  t h a t  h e  h a d  been  
m ore successfu l th a n  th e  A m erican  m a n u fa c tu re rs  
them selves.

THE AUTHOR’S REPLY.
M r . S m a l l e y , in  re p ly  to  M r. H a ro ld  T hom son , 

sa id  t h a t  th e  B rin e ll  h a rd n ess  n u m b er o f c a s t  iro n  
d id  n o t  b e a r  a d i re c t  re la tio n  e i th e r  to  th e  ch em i
cal com p o sitio n  o r r a t e  o f coo ling  d u r in g  solid ifi
c a tio n . I t  w as q u e stio n a b le  w h e th e r  th e  t e s t  gave  
a n y  in fo rm a tio n  as r e g a rd s  th e  w e a rin g  p ro p e r t ie s  
o f cy lin d e rs  o r  lin e rs . I t  w as o f  v a lu e  in  in d iv id u a l 
fo u n d rie s  r u n n in g  c e r ta in  kno w n  m ix tu re s  from  
d a y  to  d ay , a n d  affo rded  u se fu l in fo rm a tio n  on 
th e  t e x tu r e ,  so lid ity  a n d  m a c h in a b ili ty  of c a s t  
iron .

A t e s t  u sed  by th e  a u th o r  fo r  m e a su r in g  th e  
w earin g  p ro p e rt ie s  o f c a s t  iro n  w as t o  r u n  a  sm all 
c y lin d rica l t e s t  p iece— c u t  f ro m  th e  c a s tin g — in 
c o n ta c t  w ith  a  h a rd e n e d  Steel p la te ,  w hich w as 
m ad e  to  revo lve  a t  a  speed  b e a r in g  som e r e la t io n  
to  th e  r u n n in g  sp eed  in  serv ice . T h e  t e s t  p iece 
m ay  be lo ad ed  on to  th e  r o ta t in g  p la te  t o  an y  
d es ired  p re ssu re .

I n  re p ly  to  M r. B ru ce , M r. S m a lley  s a id  t h a t  
M u irh e a d  m e ta l w as a  re fin ed  p ig - iro n  w hich  w as 
su p p lied  in  v a r io u s  g ra d es . T he fo llow ing  w as a  
ty p ic a l a n a ly s is :—G ra p h ite ,  1 .2 1 ; com b, oarbon , 
0 .6 5 ; s ilicon , 1 .32 ; m an g an ese , 1 .31 ; p h o sp h o ru s , 
0 .0 9 1 ; a n d  su lp h u r , 0.072 p e r  c en t. T he p r in c ip a l  
f e a tu re  o f  th is  iro n  w as th e  low to ta l-c a rb o n  con
te n t .  I n  th is  re sp e c t i t  d iffe red  fro m  o rd in a ry  h o t-  
b la s t  p ig -iro n , a n d  en ab led  a  b e t te r  c o n tro l o f th e  
g ra p h ite  c o n te n t  in  th e  fin ished  c a s tin g s . F o r  
m e ltin g  in  th e  cu p o la  t h e  o rd in a ry  cold b la s t  iro n  
w as fa v o u re d  becau se  o f th e  s u p e r io r ity  o f  i t s  
p ro p e rty  o f  b le n d in g  w ith  o th e r  iro n s  a n d  becau se  
i t  w ould c a r ry  g r e a te r  q u a n ti t ie s  o f  do m estic  
sc rap .

Annealing Cast Iron.
T h e  s t r e n g th  of c a s t  iro n  should  n o t d e te r io ra te  

by a n n e a lin g  if  t h a t  w as c o rre c tly  p e rfo rm e d . An 
in v e s tig a tio n  in to  th e  q u e s tio n  show ed t h a t  
o rd in a ry  c a s t  iro n s  r e ta in  a  good s t r e n g th  a t  te m 
p e ra tu re s  up  to  900 deg. F . ,  a n d  t h a t  th e  s tre n g th
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was l i t t le  affected  by  a n n e a lin g  tlie  ea s tin g  a t  
a b o u t th is  te m p e ra tu re ,  w hich was sufficiently h ig h  
to  rem ove c a s tin g  s tra in s .

An a n n e a lin g  te m p e ra tu re  of 1,100 deg. F .  was 
u rg e d  by som e a u th o r it ie s . T he fa ll  in  s tre n g th ,  
a f te r  so ak in g  a t  th is  te m p e ra tu re , would be d e te r 
m in ed  by th e  tim e  fa c to r .  I f  th e  p e rio d  of tim e  
be e x ten d ed  o r  th e  fu rn a c e  te m p e ra tu re  n o t u n d e r  
a c c u ra te  c o n tro l, th e  cy lin d e r m ig h t lose m ore 
th a n  h a lf  i ts  o r ig in a l s t r e n g th  a n d  in c rease  con
sid e rab ly  in  size. T h e  g ro w th  of cas t iron  was 
how ever, closely r e la te d  to  th e  r a te  of c o o lin g ; 
fo r  th is  reason  a n n e a lin g  should  alw ays he  follow ed 
by a. slow cooling.

I n  rep ly  to  M r. P a u l in ,  th e  a u th o r  in s is ted  t h a t  
science m u s t help  th e  fo u n d ry m an  to  find o u t  th e  
physical p ro p e rt ie s  of h is  raw  m a te r ia l,  b u t  th is  
d id  n o t im ply  t h a t  good c a s tin g s  c a n n o t be m ade 
w ith o u t tech n ica l co n tro l.

How to obtain Maximum Strength in Cast Iron.-
W ith  re g a rd  to  th e  m illin g  o f sand  fo r d ry  san d  

m oulds, m ost fo u n d ries  d id  th is . O ver-m illing  was 
c e r ta in ly  d e ro g a to ry  to  th e  v e n tin g  cap ac ity , b u t  
san d , lik e  steel, was a  ra w  m a te r ia l  whose b est 
p ro p e rtie s  could on ly  be o b ta in ed  a f te r  co rrec t 
tr e a tm e n t.

In  re p ly  to  M r. P a u l in ’s  re fe re n ce  to  th e  
g u a ra n te e  of cas tin g s , th e re  w ere few fo rem en  who 
w ere ab le  to  g u a ra n te e  th e  f irs t c a s tin g  of a  new 
design . I t  was n o t uncom m on to  see th e  f irs t few  
c as tin g s  sc rap p e d , a n d  y e t  th e  com pany  m u st 
g u a ra n te e  a  specified n u m b er o f sound  castings. 
I t  was th e  d ifference  betw een  th% n u m b er of c a s t
ings m ade  a n d  th e  n u m b er de livered  t h a t  d e te r 
m ined  th e  efficiency o f a  fo u n d ry .

M r. P a u l in ’s ex p erien ce  w ith  th e  v a r ia tio n  of 
th e  com position  of o rd in a ry  h o t b la s t  iro n  con
firm ed g e n e ra l experien ce , an d , as he rem a rk ed , 
one c a n n o t te s t  ev ery  p i g ; m oreover, f r a c tu r e  was 
n o t a  re liab le  g u id e . I t  w as fo r  th ese  reasons t h a t  
th e  a u th o r  fo u n d  i t  p ro fitab le  to  p re p a re  specia l 
cy lin d er iro n s to  a. p rec ise  chem ical com position . 
T he e x tra  cost in cu rre d  in  m a n u fa c tu re  w as m ore 
th a n  c o u n te rb a la n ce d  by th e  sav in g  effected from  
co n sis ten t p ro d u c tio n  of sound  cas tin g s.

W ith  re g a rd  to  M r. Pa .u lin ’s q u ery  ab o u t v a ry 
ing  te n s ile  s tre n g th s  o b ta in e d  from  iro n  of d if-
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fe ro n t th icknesses, th e  a u th o r  (refe rred  h im  to  h is 
P a p e r  “  C a s t I ro n  a n d  M ass E ffe c t.” I n  th is  
re sea rc h  i t  was show n t h a t  th e r e  e x is te d  fo r  each  
g ra d e  of c a s t  iro n  a  m in im u m  r a te  o f  cooling , 
w hich  y ie lded , w ith in  p ra c t ic a l  lim its , th e  sam e  
g ra in  o r d e n sity , re g a rd le s s  of se c tio n  o r  d im e n 
sio n  of th e  c a s tin g  w hen p o u re d  w ith  a  s u ita b le  
deg ree  of. su p e rh e a t. C o nsequen tly , by  sp eed in g  
u p  so lid ification  to  th is  c r i t ic a l  r a t e  of co o lin g , th e  
te n s ile  s t r e n g th  w ould be  m ore  u n ifo rm  th r o u g h 
o u t ,  ir re sp ec tiv e  o f th e  d im ensions of th e  sec tio n .

Behaviour of Chills.
I n  p a r t ,  th is  an sw ered  M r. P a u l in ’s q u e ry  

re g a rd in g  th e  use  of ch ills. W h ere  ch ills  co u ld  be 
a r ra n g e d  so t h a t  th e  r a te  o f coo ling  o f th e  heavy  
sec tio n  w as sp eed ed  u p  to  t h a t  o f th e  l ig h te r , 
ch illin g  c a n  n e ith e r  c au se  in te r n a l  s t r a in s  n o r 
m ach in in g  d ifficulties. I n  m an y  d esig n s th e  
ch an g e  o f se c tio n  w as a b ru p t,  a n d  iro n  o r  steel 
chills on th e  heav y  sec tions w ere f r a u g h t  w ith  
d a n g e r . I f  s lig h tly  ov er-ch illed  a t  th e  ju n c tio n  of 
th e  heavy  a n d  l ig h t  sec tio n s, th e  iro n  w as w h ite  an d  
liab le  to  su d d en  c rac k in g  in  serv ice . I f  th e  ch ills  
w ere p lac ed  so t h a t  a  u n ifo rm  r a te  o f coo ling  w as 
o b ta in e d , s tre sse s  w ould s t i l l  be  se t  u p  a t  t h e  ju n c 
t io n  o f th e  c h ill a n d  sa n d . E x p e rie n c e  w ith  
ch illed  D iesel l in e rs  h a d  p ro v ed  costly .

O n  th e  o th e f  b a n d , lirons h a v in g  a  w id er m a rg in  
be tw een  th e  w h ite  a n d  g rey  c o n d itio n s  p e rm it te d  
a  w ide l a t i tu d e  in  th e  u se  o f chills. F o r  in s ta n c e , 
th e  c e n tra l  core  o f th e  o rd in a ry  m arin e -e n g in e  
p is to n  m ay  be m ad e  in  iro n  o r s tee l w i th o u t  risk . 
T he ch illin g  effect o f th is  co re  was such a s  to  c losen 
th e  g ra in  w ith o u t a ffec tin g  th e  m ac h in in g  p ro p e r 
tie s , w h ils t th e r e  w as l i t t le  o r  no d a n g e r  fro m  
c as tin g  s tra in s .

Defects of Sem i-Steel.
I n  re p ly  to  M r. P a u l in ’s q u e ry  r e g a r d in g  th e  

v a lu e  o f sem i-s tee l fo r  c y lin d e r  c a s tin g s , sem i- 
s tee l w as a  m a te r ia l  t h a t  could  be c la im ed  to  hav e  
g a in ed  in te rn a t io n a l  re p u ta t io n .  I t s  successful 
use  seem ed to  be r e s t r ic te d  to  th o se  fa m il ia r  w ith  
th e  fu n d a m e n ta ls  of sc ien tific  m e ltin g , who u n d e r 
stood its  c a s tin g  p e c u lia r itie s  a n d  who w ere  n o t 
b ese t by fo u n d ry  p re ju d ic e . T he p r in c ip a l diffi
cu ltie s  w ith  sem i-steel w ere  i ts  re a d v  o x id a tio n
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d u r in g  m eltin g , a ffin ity  fo r su lp h u r an d  sh o rt  fluid 
life .

F o r  c y lin d e r c a s tin g s  5 to  40 p e r cen t, of steel 
m ig h t be used, acco rd in g  to  th e  re s u lt  d esired  a n d  
th e  class of cy lin d e r m ade . Foir c a s tin g s  of com
plex  design  th e  a u th o r  fo u n d  t h a t  th e  b est re su lts  
w ere o b ta in e d  from  15 to  20 p e r  cen t. T h e  q u a n 
t i ty ,  how ever, w as a  v a r ia b le  d e te rm in e d  by th e  
cupo la  p ra c tic e  an d  p ig -iro n s used. P hosp h o ric  
iro n s low in m an g an ese , an d  basic  iro n s should  be 
used  spa rse ly  ; h e m a t ite  a n d  p ig -iro n s low in  to ta l  
c a rb o n  an d  p h o sp h o ru s a n d  h ig h  in  m an g an ese  
w ere p re fe r re d .

In  rep ly  to  M r. H obson , th e  a u th o r  sa id  t h a t  
th e  a sse r tio n  m ad e  by o ld e r ra ilw ay  en g in eers  
“  t h a t  ow ing to  so f te r  c a s tin g s  th ey  could n o t  g e t 
a s  long a  life  o u t  of cy lin d ers  as used  to  be 
o b ta in e d ,”  su re ly  re q u ire s  some m odification . The 
h ig h e r s te am  p re ssu re s  and  serv ice  co n d itio n s of 
th e  m odern  locom otive scarcely  p e rm itte d  a  com 
p a riso n  o f th e  c y lin d e r of to -d ay  w ith  th a t, of, say, 
fifteen  y e a rs  ago. I t  w as tru e ,  how ever, th a t  
l i t t le  was know n of th e  re la tiv e  w earin g  q u a litie s  
of c a s t  iro n , a n d  i t  w as h e re  t h a t  th e  e n g in e er 
could ass is t th e  m e ta llu rg is t .

T h e  B u re a u  of S ta n d a rd s  in  A m erica h ad  
a lread y  done m u ch  good w ork on th ese  lines. So 
fa r  th e  re su lts  show ed th e  h a rd e r  cy lin d er to  have  
a  lo n g er life  th a n  th e  so f te r , b u t  from  th e  h ig h  
p e rcen tag e  of so f te r  c y lin d e rs  which h a d  g iven  
b e t te r  se rv ice  a n d  h ad  a. lo n g er life  th a n  th e  
h a rd e r , n o  d e fin ite  conclusions cou ld  he d raw n .

T h e  p ro ced u re  ad o p te d  by M r. H obson  w ith  
re g a rd  to  new  designs o f  co -o p era tio n  of d esig n er, 
p a t te rn m a k e r  a n d  fo u n d e r be fo re  issu ing  th e  w ork
in g  d ra w in g  an d  m ak in g  p a t te rn s ,  p re sen te d  th e  
so lu tio n  to  m an y  of th e  com m on tro u b le s  of 
c y lin d e r c a s tin g s , a n d  was th e  sa fe s t m ethod  fo r 
econom ic production ,.

The Roll of the Skilled Moulder.
I n  re p ly  to  M r. Y oung’s co rrespondence, M r. 

Sm alley  w ro te  th a t  th e  co n te n tio n  t h a t  th e  m a n u 
fa c tu re  of a  c a s tin g  m u st a lw ays depend  upon  th e  
m o u ld er’s ex p erien ce  and  chance  was th e  su re s t 
way to  b r in g  a fo u n d ry  in to  th e  b a n k ru p tc y  co u rt 
th a t  he  knew . A ccord ing  to  M r. Y oung, if th e
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m o u ld er h a d  n o t th e  e x p erien ce , h e  m u s t  t a k e  th e  
chance, a n d  th e  ch an ce  would be a  b ad  c a s tin g .

M r. Y o u n g ’s co m m en ts  o n  sa n d  te s t in g  w ere 
u n fa ir .  S a n d  te s ts  h a d  a  p ra c t ic a l  v a lu e . M r. 
Y oung  re fe r re d  to  a  g am b le  in  th e  c h a n g in g  o f raw  
m a te r ia ls  fo r  so m e th in g  b e t t e r  a n d  c h eap er. Unless 
a  fo u n d ry m a n  te s tin g  th o se  r a w  m a te r ia ls ,  a n d  
knew  w h a t th e y  w ere  c a p a b le  of a n d  how  th e y  
w ere to  be  t r e a te d ,  how co u ld  th e i r  econom ic  v a lu e  
be d e te rm in e d ?  S a n d  is  a  ra w  m a te r ia l  whose 
b est p ro p e rtie s  w ere  n o t  o b ta in e d  in  t h e  ra w  s ta te ,  
a n d  i t  re q u ire d  sp ec ia l t r e a tm e n t .  T o  m ak e  a 
c a s tin g  w ith o u t  a  know ledge  o f th o se  p h y sica l 
p ro p e rt ie s  w as su re ly  a  g am b le . To u n d e rs ta n d  
a n d  c o n tro l th e  p ro p e r t ie s  o t sa n d s  w as th e  o n ly  
w ay he. cou ld  su g g e s t to  p lace  m a n u fa c tu re  o n  a 
sound  basis.

I n  a  c e r ta in  fo u n d ry  in  A m erica  8,000,000 
c y lin d e r c a s tin g s  w ere m ad e  p e r  a n n u m  w ith o u t 
th e  a ss is ta n ce  o f a n y  sk illed  m o u ld ers. I n  th is  
fo u n d ry  th e  sa n d s  w ere sp ec ia lly  p re p a re d , te s te d  
a n d  c o n tro lle d  in  a  d e p a r tm e n t  fo r  t h a t  p u rp o se . 
M an y  m o re  ex am p les  cou ld  be  g iv en  b o th  fro m  
th is  c o u n try , th e  C o n t in e n t  a n d  A m erica , of c a s t
in g s  m ad e  w ith o u t  “ th e  a id  o f th e  w o n d erfu l 
m eth o d s b u i l t  u p  by  th e  m o u ld e r u p o n  e m p irica l 
re a so n in g .”

When are Test Bars Alike?
I n  re g a rd  to  M r. Y o u n g ’s c r it ic ism  o n  th e  

chem ical com position  a n d  th e  p h y sica l p ro p e rt ie s  
o f g re y  c a s t  iro n , i f  M r. Y o u n g  h a d  m ad e  so m an y  
th o u sa n d s  o f t e s t  b a rs  a n d  n e v e r  m e t  th e  phenom e
non re fe r r e d  to , i t  w ould  be fu t i le  to  q u o te  fig u res 
t h a t  he  h a d  o b ta in e d  to  con v in ce  h im . H e  w r o te : 
“ T he w hole o f m y reco rd s w e n t to  p ro v e  t h a t  
when two b a rs  w ere  a lm o st a lik e  in  com p o sitio n  
and  in  coo ling  co n d itio n s , so w ere th e  te s ts  a lm o st 
a lik e .”  T h e  w ord  “ a lm o s t ”  is v ag u e . I f  h e  h a d  
n o t m e t th e  phenom enon , why w ere th e  te s ts  no t 
e x a c tly  a lik e?

T o p ro v e  m ech an ica l su sp en sio n  o f g ra p h ite  in 
m o lten  c a s t  iro n , M r. Y oung  should  in v e s tig a te  
th e  effect of c a s tin g  te m p e ra tu re  on  g ra p h it ic  
irons. I f ,  as th e  ca rb id e  th e o ry  su g g ests, m o lten  
g rey  c a s t  iro n  w as a t r u e  alloy, i .e . ,  a ll th e  
g ra p h ite  w as in  so lu tio n , th e n  th e  b a rs  c a s t  h o t te s t  
should  be th e  w eakest. I n  n o rm a l cu p o la  p ra c t ic e
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he would in v a ria b ly  find t h a t  c a s tin g  h o t  gave  th e  
b e s t t e s t  re su lts

I n  re p ly  to  M r. Y o u n g ’s final p a ra g ra p h , he  h ad  
n e v er occup ied  th e  p o sitio n  as w orks ch em ist in  a 
fo u n d ry . M r. Y oung , how ever, was q u ite  c o rre c t 
in  say in g  t h a t  th e  w orks ch em ist m u st n o t figh t 
th e  m ou lder, h is  d u ty  b e in g  to  t e s t  raw  m a te ria ls  
a n d  d e liv e r good m eta l.

Multiple Remelting Inefficient.

I n  rep ly  to  M r. M ills, M r. Sm alley  w ro te  t h a t  
a t  th is  ju n c tu r e  of th e  fo u n d ry  in d u s try  th e  f a c t  
m u s t  n o t be lo st s ig h t  of t h a t  p e r fe c t m e ta llu rg ic a l 
co n tro l w as n o t y e t  accom plished in  all fo u n d ries . 
I t  w as a d m itte d  t h a t  a n y  c a s tin g  could be m ade 
so lid  w ith o u t a ss is ta n ce  from  th e  designer, b u t  
such  p ra c tic e  w ould prove costly  to  bo th  th e  
fo u n d e r  a n d  th e  en g in eer. V a lu ab le  assistance  
m ig h t be  re n d e re d  by th e  d e s ig n e r’s avo id ing  
a b r u p t  ch an g es in  sec tion  by  p ro p o rtio n in g  h is 
sec tio n s so a s  to  o b ta in  a- u n ifo rm  r a te  o f cooling, 
a n d  by a p p re c ia t in g  th e  f a c t  t h a t  th e  th ic k e n in g  
o f a  se c tio n  d id  n o t necessa rily  a d d  to  th e  s t r e n g th .

In  re p ly  to  th e  q u ery  re g a rd in g  th e  u se  of 
cy lin d e r iro n  t h a t  h a s  been  seven tim es  poured , 
th is  is  a  p ra c t ic e  w hich  could n o t  be  recom m ended  
because o f co st a n d  u n c e r ta in ty  o f th e  re su lts . I f  
m e ltin g  was re p e a te d  seven tim e s  th e  o rig in a l 
c h a ra c te ris tic s  o f th e  iro n  m ig h t be  so changed  
t h a t  th e  p rocess m ig h t p ro v e  m ore in ju r io u s  th a n  
beneficial. As ô p e r  c en t, by w e ig h t o f  th e  to ta l  
q u a n ti ty  of iron  m elted  was lo s t each tim e  th e  
iro n  is m e lted  in  th e  cupola , a n d  a s  th e  desired  
chem ical com position  cou ld  be p ro duced  from  a 
s in g le  m elt th e r e  was n o th in g  to  be  g a in e d  by 
re p e a tin g  th e  process. I f  th e  iro n  w as p re p a re d  
to  su ch  a specified chem ical com position , chill c as t 
p igs w ere n o t  e ssen tia l. I t  w as on ly  w hen h ig h  
p ro p o rtio n s  of a  s o f t  iro n  h av in g  a  coarse  g ra p h ite  
s t ru c tu re  w ere u se d  in  th e  p re p a ra tio n  of a  special 
c y lin d e r stock  iiron t h a t  chill c a s t  p igs a re  recom 
m ended . A p a r t  from  th e  p hysical fo rm  o f th e  
g ra p h ite , how ever, ch ill c a s t  p igs recom m ended 
them selves b e c a u se :— (1) T h e  p re p a ra tio n  of a  
ch ill bed costs less th a n  h a lf  t h a t  o f th e  san d  bed ;
(2) t h e  absence o f  sa n d  a n d  oxide en su res  a  c lean er 
a n d  m ore fluid iro n  ; (3) th e y  save lab o u r in  b re ak 
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ing  a n d  h a n d lin g ;  a n d  (4) b e in g  u n ifo rm  in  fo rm  
a n d  of sm all d im ension , i t  is  possib le to  in c re ase  
th e  cu p o la  c ap a c ity  an d  red u ce  th e  coke co n su m p 
tio n  w ith o u t a ffec tin g  th e  te m p e ra tu re  o f th e  
m eta l.

H e  w as a t  a ¿oss to  u n d e rs ta n d  M r. M ills’ r e fe r 
ence to  th e  A m erican  cy lin d e r sp ec ifica tio n . H e  
n e ith e r  re fe r r e d  to  th is  in  h is  P a p e r  n o r  d id  he 
use o r  a d v o ca te  A m erican  c y lin d e r  m ix tu re s .
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Birmingham Branch.

SOME NECESSARY ADJUSTMENTS BETWEEN 
THE FOUNDRY AND DRAWING OFFICE.

By E. Ronceray, M.I.Mech. E., Hon. Member, Paris.
[ T h e  B r a n c h - P r e s i d e n t  (M r. J .  B .  Jo h n so n ), 

be fo re  ca llin g  upon  M. R o n ceray  to  g ive  h is lec
tu re ,  ex p ressed  h is p lea su re  a t  seeing  so la rg e  an  
a tte n d a n c e  in  h o n o u r of th e i r  d is tin g u ish ed  v is ito r. 
T h ere  w as no  m an  in  th e  iro n fo u n d ry  w orld, he 
sa id , whose n am e  w as b e tte r  know n. F ro m  tim e  
to  tim e  M . R o n c era y  h a d  p ro v id ed  th em  w ith  
o r ig in a l ideas on  c e r ta in  aspects o f th e i r  in d u s try , 
from  w hich th e y  h a d  de riv ed  g r e a t  benefit. The 
re su lts  of h is re sea rch es h a d  been free ly  p laced  a t  
th e i r  d isposal. T hey  w ere  also h o noured  by th e  
p resence  o f S ir  W illiam  M ills, th e  p io n ee r of 
a lu m in iu m  fo u n d in g  in  th is  c o u n try . H e  would 
ask  S ir  W illiam  to  su p p lem en t th e  welcome w hich  
he h a d  expressed  to  M. R on ceray .

S i r  W i l l i a m  M i l l s  sa id  th o se  who h a d  h ad  
ex p erien ce  of a lu m in iu m  c as tin g  w ould a p p re c ia te  
h is d ifficulties as th e  p io n ee r of th e  in d u s try  in 
E n g la n d . H is  difficulty was w ith  th e  m en, who 
w an ted  to  do th e  w ork  in  ex ac tly  th e  sam e way as 
th o u g h  th e y  w ere d ea lin g  w ith  iro n  o r brass. 
Som e of th e  p a t te rn s  he  received  w ere a lm o st im 
possible to  c a s t, an d  he  w as to ld  by m an y  steel 
c a s te rs  t h a t  th e y  could n o t be  done. B u t  th ey  
m ade  th e  c a s tin g s  som ehow in  a lu m in iu m . I n  
som e in s tan c es  h e  asked  fo r  a  s lig h t m odification  
in th e  p a t te rn ,  an d  occasionally  h is  re q u es t was 
acceded to , b u t  in  m ost cases he  w as to ld  t h a t  if  he 
d id  n o t c a s t  w h a t h a d  been designed  th e  o rd e rs  
would be  p laced  elsew here. D u rin g  th e  w ar his 
firm p ro d u ced  n early  all th e  P u m a  eng ine  castings, 
w hich am o u n ted  to  a  v e ry  la rg e  n u m b er, and  th ey  
h ad  g r e a t  success w ith  th em . T he e x p la n a tio n  was 
t h a t  M r. S iddeley  used to  su b m it th e  tra c in g  and
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ask  w h a t a l te ra t io n s  th ey  d esired  to  m ake , so t h a t  
th e re  should  be no tro u b le  a f te r  th e  c a s tin g s  w ere 
m ade. T h a t  w as a  p ra c tic e  t h a t  m ig h t v e ry  well 
be  g e n e ra lly  follow ed. ]

T he t i t l e  re fe rs  to  a  v ery  b ro a d  su b je c t, a n d  i t  
is im possib le  to  su rv ey  i t  com ple te ly  in  t h e  co u rse  
of o ne  P a p e r . H ow ever, th e re  a re  a  few  p o in ts  
t h a t  c a n  be  u se fu lly  discussed fo r  th e  com m on 
in te re s t  of b o th  fo u n d ry m a n  a n d  en g in e e r.

T h e ir  re sp ec tiv e  c la im s te n d  to  show  t h a t  th e y  
a re  n o t q u ite  sa tis fied  w ith  each  o th e r . T he 
fo u n d ry m a n  m a in ta in s  t h a t  th e  e n g in e e r , w ho h a s  
no  know ledge of th e  fo u n d ry  t ra d e ,  d e s ig n s  u n 
n ecessa rily  com p lica ted  shapes, b ad ly  p ro p o rtio n e d , 
d ifficult to  t u r n  o u t  in  so u n d  a n d  s t ro n g  c a s tin g s  
a t  a  reaso n ab le  p rice .

T h e  e n g in e e r  co m p la in s t h a t  t h e  c a s tin g s  h e  is 
su p p lied  w ith  a re  u n so u n d , fu ll of blow holes o r 
porous, ro u g h  in  a p p e a ra n c e  a n d  ex p en siv e .

B o th  a re  r i g h t  to  a  g r e a t  e x te n t ,  a n d  i t  is 
a cu rio u s f a c t  t h a t  w hen  a n  a t t e m p t  is m ad e  to  
a d ju s t  th e  d ifferences i t  is  v e ry  d ifficu lt to  b r in g  
e i th e r  of th e m  to  p roceed  fro m  th e  g e n e ra l to  th e  
p a r t ic u la r  ; in  o th e r  w ords, b o th  of th em  m a in ta in  
t h a t  th e  o th e r  is w rong , b u t  a r e  u n a b le  to  say 
how a n d  w here, a n d  to  m ak e  d e fin ite  su g g estio n s  
fo r b r in g in g  a b o u t im p ro v em en t.

T h e  fo llow ing  is a n  a t t e m p t  to  m ak e  a  sm all 
s te p  in  th e  r i g h t  d irec tio n . I t  is th e  re s u lt  of 
a  few y e a rs ’ s tu d y  o f o th e r  peop les’ re sea rch es , also 
o f p e rso n a l d ed u c tio n s  a n d  e x p e rim e n ts  of a  
m odest en g in e e r who h a s  becom e a  m o d es t fo u n 
d ry m an . I t  is  a  g r e a t  p le a su re  to  h im  to  b r in g  
th e  e a r l ie s t  c o m m u n ica tio n  of h is  w ork  to  th e  
I n s t i tu t e  of B r i tis h  F o u n d ry m e n  in  B irm in g h a m  
w h ere  h e  h a s  so m an y  f r ien d s , a n d  w h ere  h e  d e 
liv e red  tw o  y e a rs  ago a  le c tu re  w hich s ta r te d  th e  
ba ll ro llin g  fo r  th e  in te rn a t io n a l  s tu d y  o f new  
m eth o d s of te s t in g  c a s t  iro n  a n d  w h e re  h e  h a d  th e  
h o n o u r o f b e in g  e lec ted  h o n o ra ry  m em ber o f y o u r 
g re a t  I n s t i tu te .

The Requirements of the Engineer.
I n  sh o r t ,  th e  e n g in e e r w an ts  a n  a b u n d a n t  s u p 

ply o f sound  a n d  s tro n g  cas tin g s , o f  good a p p e a r 
ance  a t  a  reaso n ab le  p rice . To g iv e  th is  to  th e
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e n g in e e r th e  fo u n d ry m an  re q u ire s  from  h im  a 
good design , s im ple  form s, an d  equal th icknesses.

I t  is w hen th e  d e ta ils  a re  w orked  o u t  t h a t  th e  
d ifferences s t a r t ,  th e  e x ac t re q u ire m e n ts  n o t being  
defined. T he comm on know ledge necessary  to  b o th  
e n g in e e r an d  fo u n d ry m an  will p ro b ab ly  be 
schedu led  som e day , an d  th e  a u th o r  is d o in g  hi3 
u tm o s t to  s t a r t  th e  w ork  in  th e  P a r is  F o u n d ry  
H ig h  School of w hich  he h as th e  h o n o u r to  be 
th e  D ire c to r  of S tu d ies .

B u t  th is  w ork, s im ila r  to  w h a t M onge d id  in 
lay in g  dow n th e  ru les  o f d e sc rip tiv e  g eo m etry  
fro m  th e  in fo rm a tio n  he o b ta in e d  in  s tu d y in g  th e  
p ra c tic e  of th e  b u ild e rs  of p a s t  c en tu rie s , will 
t a k e  a  long  tim e .

To be sa tis fac to ry , a  c a s tin g  m u s t p rim a r ily  
be sound . I t  is r a th e r  easy  to  m ak e  i t  o f s tro n g  
iro n , b u t  i t  is useless if  i t  is n o t  sound . On th e  
o th e r  h a n d , be in g  sound  an d  m ade o f s tro n g  iron , 
i t  is useless if  th e re  a re  in te rn a l s tra in s  t h a t  
b r in g  som e p a r ts  of i t  n e a r  th e  b re a k in g  p o in t. 
So th e re  a re  th re e  m a in  p o in ts  to  c o n s id e r : — 
In te r n a l  s tra in s , soundness an d  s tre n g th .

Internal Strains.
I t  is a  g r e a t  p i ty  t h a t  th e re  is u p  to  now no 

p ra c tic a l way to  d e te c t in te rn a l  s t ra in s  in  castings. 
T here  a re  p e rh ap s  hopes t h a t  th is  w ill com e one 
d a y ; how ever, th is  d ay  is n o t  y e t  in  view. B u t 
th e re  a re  a t  o u r  d isposal several ways to  reduce  
in te rn a l  s tra in s  to  a  m in im u m , som e of th em  by 
th e  e n g in eer, o th e rs  by  th e  fo u n d ry m an .

To red u ce  s tra in s  th e  en g in e e r can  design  his 
cas tin g s  w ith  th icknesses as re g u la r  as possible, 
av o id in g  a b ru p t  changes. H e  can  also, when 
he req u ire s  d iffe re n t th icknesses, have  th e  c a s t
ings c a s t  even an d  m ach in ed  o u t  to  g e t  reduced  
th icknesses w here  he  w a n ts  them .

In  view  of th e  sam e re su lts , th e  fo u n d ry m an  
can  p u t  h is ru n n e rs  so as to  p o u r  th e  m eta l in  
th e  th in n e s t  p a r ts ,  th u s  red u c in g  th e ir  tendency  
to  cool q u ick e r th a n  th e  th ic k e r  p a r t s ; to  fill th e  
sam e pu rp o se , h e  can  p u t  chills o r  denseners 
a g a in s t  th e  th ic k  p a r ts . H e  can  also h e a t- tr e a t  
th em  a f te r  p o u rin g , or cool th em  slowly from  a 
g iven  te m p e ra tu re  s im ila r  to  th e  A m erican  chilled 
wheels w hich a re  re m a rk ab ly  s tro n g .
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H e c an  also use w hen th e r e  a re  enclosed cores 
a spec ia l m a te r ia l ,  re s in  fo r  in s tan c e , fo r av o id 
ing  u n d u e  re s is tan c e  to  sh r in k a g e  o r e lse  b re ak  
th e  m oulds a n d  cores sh o rtly  a f te r  p o u rin g .

B u t  th e  en g in e e r th e n  m u s t  be e x p ec ted  to  
u n d e rs ta n d  t h a t  th ese  processes e n ta i l  a n  in crease  
in  p rice . H e  m u s t a cc ep t i t  a n d  n o t  t r y  to  c u t 
dow n th e  cost p rice  by  s ta rv in g  th e  fo u n d ry m an , 
b u t  r a th e r  by ju d ic io u s  d esign  a n d  co lla b o ra tio n . 
H e  m u s t  also accep t o r  even su g g est ch ills  or 
d en sen ers  a t  c e r ta in  p o in ts  o f h is  c a s tin g s  p ro 
v id in g  th e y  can  be m ach ined .

Soundness.
U nless th e y  a re  v e ry  a p p a re n t  d e fec ts  th e  u n 

so undness of a c a s tin g  is  n o t g e n era lly  d e te c te d  
u n t il  m ac h in in g  h as b ro u g h t i t  to  l ig h t .  Som e
tim es  i t  is  on ly  fo u n d  a f te r  co m p le te  f in ish in g  
w hen  a p re ssu re  t e s t  is m ad e , a n d  so m etim es i t  
is n e v e r fo u n d  ex cep t w hen th e  c a s tin g  is b ro k en , 
e ith e r  in  se rv ice  o r  w hen i t  is w ith d ra w n  fro m  
service.

The Real Object of Making Castings without Feeding 
Heads.

U nsoundness o f  a c a s tin g  in  m a n y  cases con
dem ns i t ,  especially  w hen  i t  occurs in  a  v i ta l  p a r t .  
W h ere  i t  occu rs i t  re n d e rs  useless th e  a t te m p t  
t h a t  h a s  been  m ad e  to  use  a  s tro n g  m e ta l. I t  
m ay  he accep ted  o n ly  a t  u n im p o r ta n t  p o in ts , a n d  
a lw ays cas ts  susp ic io n  on  th e  o th e r  p a r t s  o f th e  
ca s tin g  w hen i t  is d iscovered . T h e  a u th o r  h as 
devo ted  m u ch  tim e  to  a n d  h a s  m ad e  som e p e r 
sonal re sea rch es on th is  p o in t,  a n d  h is  conclusion  
is t h a t ,  in  m ost cases, u n so u n d n ess in  c a s tin g s  is 
m ore  d u e  to  gas effect a r is in g  from  in su ffic ien t 
p e rm e a b ility  o f san d  r a th e r  th a n  to  th e  so-called 
d raw s, especially  w ith  iro n  cas tin g s . P re v io u s  
P a p e rs  by th e  a u th o r  on  r e la te d  su b jec ts  ra is e d  
a  good am o u n t of in te re s t  even in  B irm in g h a m , 
w h ere  th e y  h a v e  b een  d iscussed. U n fo r tu n a te ly ,  
th e  q u estio n  h as n o t a lw ays been  u n d e rs to o d  from  
th e  r ig h t  p o in t  o f view .

W h en  a d v o ca tin g  p o u r in g  w ith o u t fe ed in g  h ead s  
i t  was n o t  th o u g h t  to  p ro m o te  an y  im p ro v em en ts  
by sim ply  d o ing  aw ay  w ith  feed in g  h e ad s  o r  r ise rs , 
th e  p o in t  b e in g  t h a t  th e  com m on use  o f fe ed in g
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h eads is a lm o st a lw ays to  c o rre c t a d e fec t o f th e  
m ou ld  unknow n to  th e  m o u lder. In  o th e r words, 
i t  is supposed  to  feed  a d raw  in a c a s tin g  w hile 
in  f a c t  i t  fills q u ite  a n o th e r  p u rpose . I t  m asks 
th e  re a l tro u b le  a n d  provokes th e  use  of w rong  
m ethods o f c u r in g  it.  Those in te re s te d  m ay  
p e rh ap s  h a v e  re a d  th e  a u th o r ’s P a p e rs  in  th e  
“  P rb ceed in g s ”  of th e  I n s t i tu te  o r in  th e  
F o u n d r y  T r a d e  J o u r n a l .

“ Effet Leonard.”
M. Jo sep h  L e o n a rd , P a s t-P re s id e n t  of th e  

L iège F o u n d ry m e n ’s A ssocia tion , has th ro w n  lig h t 
on  som e very  in te re s t in g  p o in ts  in  several P a p e rs  
a n d  lec tu re s . T he d efec ts m en tio n ed  a re  d u e  to  
a n  in te n se  p ro d u c tio n  o f gases a t  c e r ta in  insuffi
c ien tly  pe rm eab le  p o in ts  o f m oulds w hich are  
h ig h ly  h e a te d  by h o t m e ta l w ith  th e  re su lt  t h a t  
th ese  gases, n o t  be in g  ab le  to  escape th ro u g h  sand , 
find th e i r  w ay th ro u g h  m e ta l in  leav in g  v a rio u s 
so rts  o f d e fec ts  : b lack  spo ts, blowholes, po rosi
tie s , e tc . T h e  a u th o r  has called th is  phenom enon 
“  E ffe t L e o n a rd ,” a n d  i t  is  q u ite  ty p ic a l th o u g h  
very  l i t t le  know n. As a ru le , i t  is m isunderstood , 
an d  ta k e n  as a  d raw . These co n d itio n s a re  
show n in  F ig . 3.

F in d in g  b lack  spo ts in  m otor-cycle cy lin d e rs  of 
design  show n in  F ig . 4, M . L eo n a rd  th o u g h t th ey  
w ere d u e  to  gas effect of th e  ty p e  m en tio n ed . To 
p rove  i t,  h e  used  a t  th e  p o in t u n d e r  co n sid era 
tio n , core san d , an d  to o k  sp ec ia l c a re  to  v e n t i t ,  
w hen th e  tro u b le  d isa p p ea red . H e  rep ro d u ced  
th e  tro u b le  in  a spec ia lly -designed  c a s tin g  o f th e  
sh ap e  show n in  F ig . 2. T he b lack  spo ts a p p ea red  
in  th e  congested  a n d  u n v e n te d  p lace  an d  n o t in  
o th e r  p laces. I t  is easy to  rep ro d u ce  th em  or to  
avo id  th em  by p ro p e r m eans.

T h ere  a re  v ery  o f te n  fa u lty  designs which could 
he  im proved  by s lig h t a lte ra t io n s  re su ltin g  in  
in c re as in g  co n siderab ly  th e  chances of g e tt in g  a 
b e tte r  c as tin g .

F o r  in s tan c e , a  la th e  foo t o r  a  bed  p la te  
(F ig . 10) w hich  h as a  ro u n d  flange (A) can  be 
a lte re d  w ith  g re a t  a d v a n ta g e  to  t h a t  show n a t  B .

O n loco, cy lin d e rs  bosses should  be avoided w here 
th e re  a re  bo lt holes (F ig . 9). W hen  th e re  is a 
loose boss on  th e  side of a f ram e  th e  design  should
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be a l te re d  to  m ak e  i t  o ne  p iece  w ith  th e  p a t t e rn ,  
a s a  loose p iece  is a lw ays lia b le  to  m ove.

Definite Examples.
T he a u th o r  ha« fu lly  d e m o n s tra te d  by  n u m ero u s  

e x p e rim e n ts  how m an y  d efec ts  t h a t  a r e  u su a lly  
a t t r ib u te d  to  o th e r  causes can  b e  v e ry  sim ply  
c u red  by  spec ia l a t te n t io n  p a id  to  ra m m in g  an d  
v e n tin g  of re s tr ic te d  p o in ts . T h e  tro u b le s  r e 
a p p e a r  a g a in  as soon as th is  special a t te n t io n  is 
no  lo n g e r p ra c tised .

(A few  sam ples w ere  show n a t  th is  p o in t.)
T h e  conclusion  o f th e  above w ill be t h a t  th e  

d e s ig n er w ill do  w ell to  av o id  su ch  re s t r ic te d  
p o in ts  in  h is  design . F o r  in s ta n c e , in  a  locom o
tiv e  cy lin d e r, in s te a d  of h a v in g  a  sh a rp -n o sed  
p iece  o f san d , show n a t  A, F ig s . 1 a n d  11, th e  
d esign  should  b e  a lte re d  to  f la t te n  i t  as a t  B, 
F ig . 11.

I n  a  b e d -p la te  o r a  su rfa c e -p la te , r ib s  in s tea d  
of m e e tin g  a t  an  a c u te  an g le  as a t  A, F ig .  5, th e  
design  should  be  m odified  to  g iv e  t h a t  show n a t  
B o r C, F ig . 5.

In  a n  au to m o b ile  c y lin d e r i t  is p re fe ra b le  to  
e lim in a te  t h e  a c u te  an g les  r a th e r  in  o rd e r  to  
su p p ress ' th e  th in  a n g le  o f sa n d , a s  show n in 
F ig . 6. A g a in , in  a n  au to m o b ile  p is to n  in s te a d  
o f th in  r ib s  m e e tin g  a t  d iffe re n t a n g le s  i t  is 
b e t te r  to  c u t off a ll th e  r ib s  a n d  ro u n d  th e  
co rn ers , a s show n in  F ig . 7.

In  c a s tin g s  h a v in g  th in  cores i t  is  so m etim es 
m ore ad v an tag e o u s  to  avo id  such  cores as th e y  a re  
stro n g ly  h e a ted  a n d  d ifficu lt to  v e n t  p ro p e rly .

W h en  th e re  a re  ang les, as in  F ig . 8 , fo rm ed  
by a  flange a t  th e  e n d  o f p ip e , i t  is  a lw ays ad v is
ab le  to  ro u n d  th e  co rn ers  a n d  to  fo rm  th e m  
w ith  le a th e r  fillets r a th e r  th a n  to  le t  th e  ro u n d 
in g  h e  a t  th e  d isc re tio n  of th e  w o rkm an .

W h en  th e r e  is  an  enclosed co re  th e  d es ig n er 
m u s t  p rov ide  fo r  o p en in g s , if  possib le, a t  sev era l 
p laces. W h en  th e  m o u ld in g  of a  c a s tin g  w ith  such  
an  enclosed core is  to  be m ad e  o n e  m u st, w hen
ever possible, p ro v id e  th e  core  p r in t  a t  th e  to p , 
as i t  is  a lw ays e a s ie r  to  p ro te c t  i t ,  a n d  th e  escape 
o f gases is m uch  e as ie r  by  th e  to p  of th e  m ould  
th a n  by th e  b o ttom .

T he f a c t  is  now w ell-estab lished , t h a t  fo r m an y  
m eta ls  th e r e  is no  need  fo r av o id in g  d raw s by
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spec ia l feed in g , an d  above a ll, th e re  is no need  
of c h u rn in g  o r p u m p in g , especia lly  fo r  th e  o rd i
n a ry  th ick n esses. T h a t, as null be seen  la te r ,  th e  
e n g in e er m u s t t r y  to  conform  to . A p ro p e r  design  
a n d  c o rre c t m o u ld in g  a re  all t h a t  is necessary , 
a n d  if  such  a  course  is follow ed th e r e  a r e  m ore  
chances to  g e t a sound  c a s tin g  th a n  by processes 
invo lv ing  th e  b lin d  use  of a  rem ed y  to  poor design  
a n d  poor w ork.

Other Factors.
M e ta l is n o t a lw ays c lean  w hen in  th e  lad le , 

a n d  a tte m p ts  to  c lean  i t  * b e fo re  p o u r in g  a re  
unsuccessfu l in  sk im m in g  every  p a r tic le  o f  slag. 
S lag  in  a m ould  in tro d u c es  blow-holes w h e re  i t  
s tops, so t h a t  s tep s  m u s t b e  t a k e n  to  p re v e n t  its  
e n tra n c e  in to  th e  m ould  as m u ch  a s  possible.

T h ere  is a lw ays th e  n ecessity  of a v o id in g  th e  
in tro d u c tio n  o f a ir  w ith  m e ta l in  th e  m ould , 
o th e rw ise  w h a t th e  a u th o r  called  “ C u s te r  e ffect ”  
w ill ta k e  p lace. C u s te r  h a s  p ro v ed  t h a t  w hen a ir  
is e n te r in g  in  a m ould  w ith  su lp h u ro u s  iro n  a  
re ac tio n  ta k e s  p lace  w hich  p ro d u ces S 0 2 (su lp h u r  
d iox ide), c au s in g  blow-holes especially  w hen  th e  
m e ta l is n o t  v e ry  h o t.

The Importance of Runners.

On th e  o th e r  h a n d , speed o f p o u rin g  m u s t  be 
re g u la te d  acco rd in g  to  d iffe re n t cases. T h ere  a re  
m an y  w ays of ta k in g  c a re  o f th e se  necessities . 
F lu g  p o u rin g  is one of th em . I t  is r a th e r  a 
com m on p ra c tic e  in  th is  c o u n try . T h e  u se  of 
t in n e d  s tra in e rs  is a n o th e r  one , a n d  is v e ry  con
v e n ie n t on  re p e tit io n  w ork  w h e re  th e  th ic k n e ss  of 
th e  s t r a in e r  can  be se lected  by  e x p e rim e n t. T hese 
s tra in e rs  an d  s t r a in e r  cores used  in  A m erica  a re  
sa tis fa c to ry  ; how ever, th e  a u th o r  p re fe rs  w h a t he  
has called  th e  “ filte r co res .”  T hey  a re  sim ple  
d iscs of co re  san d , a b o u t J  in . th ick n ess , in  w hich 
a few holes ab o u t £ in . d ia . a re  p ro v id ed . T hese 
cores a re  sim ply  la id  dow n in  th e  m o u th  of th e  
ru n n e r  w ith  th e  cover a n d  c an  be seen  by th e  
fo rem an . I f  th e  c a s tin g  is a  heav y  one, sev era l 
of th ese  filte rs a re  used , o n e  011 each  o f th e  severa l 
ru n n e rs  fed by sam e  b asin . I t  is reco m m en d ed  to  
cover each  o f th e  filte r cores w ith  a disc of s tro n g  
p ap er.
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W hen  th e  m eta l is p o u red  th e  p a p e r  p rev en ts  

th e  f irs t d rop , w hich m ay  be slag , e n te r in g  th e  
m ould . T he m eta l fills th e  basin , s lag  r is in g  to  
th e  to p . T he p a p e r  b u rn s  an d  th e  filling  of th e  
m ould  proceeds th ro u g h  th e  sm all holes of filte r 
cores. N o a i r  can  be d raw n  in to  th e  m ould, th u s  
av o id in g  “ C u s te r  e ffec t.” Of course, th e  m eta l 
m u s t be v e ry  h o t to  use  su ch  a  process', a n d  th is  
is a  good help  to w ard s  a sound cas tin g .

Too m uch  c a re  c a n n o t he  ta k e n  to  p ro v id e  a 
c lean  ru n n e r .  T h is p o in t is v ery  im p o r ta n t  an d  
is ra re ly  considered  sufficiently  care fu lly . Special 
a t te n tio n  is  p a id  to  th e  m ould  an d  m uch less to  
th e  ru n n e r ,  which, how ever, is th e  m ore  im p o r
t a n t .  T h e  g a te s  an d  ru n n e rs  m u st be exceedingly  
c lean  an d  specia l a t te n tio n  m u s t be p a id  to  avoid 
th e ir  scab b in g  an d  w ash ing , and  a  s tro n g e r  and  
m ore p erm eab le  sand  m u s t he used  fo r th is  p u r 
pose. The filte r cores, follow ed by la rg e  ru n n e rs , 
go a  long  w ay  to w a rd s  th e  av o id in g  of sa n d  
w ash ing  as th e  speed of m eta l s tre am  is reduced .

W hen ev er possible, th e  g a t in g  m u s t be so m ade  
th a t  th e  m eta l flows down in  a  well w here  th o  
f irs t m e ta l is a ccu m u la ted . T he first m e ta l p ro 
te c ts  th e  san d  a n d  p re v en ts  w ashing.

T h e  design  an d  p a tte rn s  m u st be m ade so t h a t  
w henever possible th e  m ach in ed  p a r ts  a r e  cas t 
down a n d  w hen a  m ach in ed  p a r t  is a t  th e  to p  of 
a m ould  i t  is a lw ays sa fe  to  leave  a t  le a s t -5- in . 
m ac h in in g  allow ance. The reaso n  is t h a t  p a rtic le s  
of san d  a n d  b lack in g , w hich m ay  be w ashed up  by 
th e  iro n , a n d  l i t t le  d ro p s of s la g ’ a re  a lw ays col
lec tin g  a t  th e  to p , w h ere  th e y  a re  liab le  to  m ake 
d i r t  an d  provoke blow-holes.

Strength of Iron.
C a st iro n  be ing  th e  m ost com m only used 

m a te ria l  in  en g in e e rin g  an d  th e  m ost affected by 
im p ro p e r design  w ill only be  considered . In  a 
w r i t te n  co m m unica tion  on M r. J .  C am ero n ’s 
P a p e r*  on  Sem i-steel, th e  a u th o r  show ed a g ra p h  
r e p re se n tin g  K e e p ’s  curves as th ey  a p p e a r  in  his 
hook, “ C a s t I r o n ,” w ith  th e  on ly  d ifference th a t  
th e  o r ig in  o f o rd in a te s  is b ro u g h t to  zero, which 
m akes i t  m ore  in te llig ib le  th a n  th e  g ra p h  o f K eep, 
w hich s ta r te d  a t  160. These e x p erim en ts  were 
sug g ested , i t  is th o u g h t,,  by th e  w ork o f P ro -
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fesso r T hom as T u rn e r ,  who m ade  th e  f irs t 
re sea rch es  on  th e  in fluence  o f silicon  o n  c a s t  iro n .

T h o u g h  r a th e r  old now, K e e p ’s cu rv es a re  ve ry  
in te re s tin g , a n d  i t  is n o t  th o u g h t t h a t  a ll  u se fu l 
conclusions h av e  been  d ra w n  from  th em . On 
c a re fu l e x a m in a tio n  i t  w ill be  seen  t h a t  u n d e r  th e  
b e s t co n d itio n s  fo r  e ac h  case, th e  s t r e n g th  of c a s t  
iro n  d im in ish es  v e ry  qu ick ly  a s  t h e  th ic k n e ss  
in c re ase s ; in  o th e r  words,, th e  th in n e r  th e  c a s tin g , 
th e  s tro n g e r  i t  is, o r  w h a t is e q u iv a le n t m e ta llu r -  
g ica lly , th e  q u ick er i ts  coo ling  speed, th e  s tro n g e r  
i t  is. T ran sv e rse  s t r e n g th  passes fro m  440 lbs. 
fo r  4 in . th ic k n e ss  to  260 a t  1-1- in . a n d  200 a t  
4 in .,  w hich  m ean s t h a t  a  i - in .  b a r  is  2.2 tim e s  
s tro n g e r  p e r  u n i t  of w e ig h t th a n  a  4 -in . o ne  (u n d e r  
th e  b e s t c o n d itio n s).

T he f irs t conclusion  is t h a t  e n g in e e rs  m u s t 
d esign  th e i r  m ach in es w ith  th in  w alls in s te a d  of 
th ic k  ones. W h en  com pelled  to  u se  th ic k  w alls 
fo u n d ry m en  w ill know  t h a t  b y  sp e e d in g  u p  th e  
cooling, fo r in s tan c e , by  ch ills , th e y  w ill in c re ase  
th e  s t re n g th .

I t  is com m on know ledge t h a t  th e  low er silicon 
p e rce n ta g e s  w ould g iv e  w h ite  iro n  in  t h in  sec tio n s. 
I f ,  a t  t h e  sam e  tim e , i t  is re a lised  t h a t  th e  s t r e n g th  
of h ig h e r  p e rc e n ta g e  silicon  iro n s  a re  th e  s tro n g e s t 
fo r  th in  sections, th e n  fo u n d ry m en  w ill in s is t  u p o n  
h ig h  p e rce n ta g e s  of silico n  fo r  su ch  c a s tin g s  ; 2.00 
to  3.00 p e r  cen t, is a d e q u a te , as i t  w ill a t  th e  
sam e t im e  g iv e  so ftn ess  a n d  s tre n g th .

O n ex am in in g  th e  cu rv es f u r th e r ,  a k n o t  
be tw een  1 in . a n d  2 in . is  n o tic e d , w hich  im p lies  
th a t  a t  14 in . th ic k n e ss  a ll p e rc e n ta g e s  o f  silicon  
g iv e  a b o u t th e  sam e  s t r e n g th .  C o n seq u en tly , 
th e re  c an  be  n o  in co n v en ien ce  by u s in g  in  th e  
fo u n d ry  th e  sam e q u a li ty  of m e ta l  fo r all th ic k 
nesses of m e ta l u p  to  w h a t c o rre sp o n d s to  a  1^-in . 
b a r . A bove th a t ,  th e  s t r e n g th  in creases s lig h tly  
w hen silicon d im in ish es fo r  a  4 -in . b a r ,  th e re  
b e in g  a  d ifference o f a b o u t 20 p e r  c e n t, be tw een  
th e  1.0 a n d  3 p e r  cen t, silioon iro n , b u t  obviously  
ch ills w ill h e lp , a n d  co n seq u en tly  one m u s t be 
p re p a re d  to  u se  th em  e x ten siv e ly  w hen d e a lin g  
w ith  th io k  walls.

Estimating the Strength of Cast Iron.
E v e ry  c o u n try  seem s to  h a v e  i ts  d if fe re n t ideas, 

a n d  w hile  th e  B r i t ish  C o m m ittee  a d h e re s  to  th e
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se p a ra te ly  cas t test-p iece , o th e r c o u n tr ie s  p re fe r  
th e  re so lu tio n  o f In te rn a t io n a l  P a r is  C ongress, 
w hich h a v e  been  vo ted  un an im o u sly  : —

“ T h a t  th e  I n te rn a t io n a l  C ongress of F o u n d ry - 
m en , assem bled in P a r is ,  recom m ends t h a t  th e  
t e s t in g  of cas t iro n  be d iffe re n tia te d  in to  th e  
te s tin g  o f th e  q u a lity  of th e  iro n  e n te r in g  th e  
cas tin g s , fro m  th e  te s tin g  of th e  q u a lity  of th e  
cas tin g s  them selves.

“  T h a t  i t  is recognised  t h a t  in  no case w ill th e  
te s tin g  of th e  q u a lity  of th e  iro n  g ive  re liab le  
in fo rm a tio n  as to  th e  q u a lity  of th e  c a s tin g s 'm a d e  
w ith  it.

“ T h a t  a jo in t  com m ittee  be ap p o in ted  from  
th e  n a tio n s  h e re  re p re se n te d , to  m ake su itab le  
reco m m en d a tio n s c a r ry in g  th is  p roposa l in to  
e ffec t.”

F ro m  w h a t has been sa id , i t  seem s t h a t  th is  is 
q u ite  reaso n ab le  a n d  th a t  th e  te s t  piece m u st 
be ta k e n  fro m  th e  c a s tin g  itse lf , and , m oreover, 
from  ' v a rio u s  v i ta l  p o in ts  o f th e  c a s tin g  if 
re liab le  in fo rm a tio n  is expected . I t  would only 
he  in  th e  case t h a t  suoh a te s t  is very  costly  th a t  
i t  would n o t b e  reaso n ab le  to  a d h e re  to  it.

I n  h is P a p e r  to  th e  P a r i s  C ongress D r. M oldenke 
m en tio n s t h a t  “  T he F re m o n t m eth o d  w ould be 
n e a rly  id ea l from  th e  scientific  s ta n d p o in t, th o u g h  
r a th e r  ex p en siv e  from  th e  p ra c tic a l o n e .”  The 
a u th o r  fe l t  c o n s tra in ed  to  m en tio n  in  th e  discussion 
t h a t  i t  was q u ite  a m is tak e . T he F re m o n t te s t  
t h a t  h e  ad v o ca ted  in  B irm in g h am  tw o  y ears  ago 
consists of th e  sh e a rin g  on a  v e ry  sm all a n d  cheap 
m ach ine  of a sm all te s t  p iece, less th a n  j  in . d ia., 
w hich is d rille d  o u t  o f a  ca s tin g  by  a  sm all hollo-» 
d rill. [T h is  w as e x h ib ited .]  T h e  hollow d rilling  
fo r  o b ta in in g  th e  t e s t  p iece  c an  be m ade  e ith e r  a t  
th e  p lace of a  b o lt hole of th e  fin ished c a s tin g  o r 
in  a  p lace  to- be p lu g g ed  a fte rw a rd s , an d  when 
th is  is n o t possib le in  sacrificing  one c a s tin g , b u t 
in all cases i t  is m uch  ch eap er th a n  an y  o th e r  k ind  
of te s t ,  w hile i t  is m uch  m ore re liab le . In  a sm all 
te s t  piece 1 in . long, fo u r . o r  fivd te s ts  can  be 
m ade . T h is te s t  does n o t g ive any  in fo rm a tio n  
as to  th e  soundness or in te rn a l  s t r e n g th ;  b u t  so 
f a r  i t  a p p e a rs  to  th e  a u th o r  to  be th e  m ost re liab le  
ever designed.
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Conclusion.
F ro m  th is  h a s ty  su rv ey  i t  c a n n o t he p re te n d e d  

t h a t  all p o in ts  betw een th e  fo u n d ry m a n  and  
en g in e e r hav e  been a d ju s te d , b u t in  su m m in g  up 
p e rh a p s  i t  can  be considered  t h a t  i t  h a s  d one  
som e u se fu l w ork.

T h e  e n g in e er, who re q u ire s  s t re n g th  a n d  l ig h t
ness, w ill do well to  re d u ce  th e  th ick n esses o f h is  
c a s tin g s  as m uch  as he c a n  in  sp re a d in g  o v e r th e  
m a te r ia l  r a th e r  th a n  u s in g  h eav y  m asses. H e  
m u st m ak e  sim ple  designs w ith  ro u n d  c o m e rs , 
avo id  re s tr ic te d  p laces an d  enclosed co res, w hich 
a re  d ifficult to  v e n t. F u r th e r ,  he  w ill a cc ep t ch ills 
w here  heav y  p a r ts  a r e  u n a v o id a b le  a n d  in s is t  upon  
so ft, h ig h  silicon m eta l, so long  as h e  know s th a l  
u n d e r  above co n d itio n s i t  is s tro n g e r  th a n  h a r d  
iro n . I f  th e  c a s tin g  is liab le  to  h a v e  s t r a in s ,  he 
will ask  an d  p a y  fo r  h e a t  t r e a tm e n t.

T he fo u n d e r  m u s t  sp a re  no e ffo rt to  p ro d u ce  
sound , clean  a n d  sm ooth  cas tin g s , su p p ly  good so ft 
iro n  a n d  im p ro v e  his p ra c t ic e  by  ev ery  m ean s.

T h e  e n g in e e r  w ill also do well to  d iscuss w ith  
th e  fo u n d ry m an  th e  m eth o d  o f m o u ld in g , a n d  will 
be ag reeab le  t h a t  th e  p a t t e r n  is m ad e  acco rd in g  to  
th e  l a t t e r ’s re c o m m e n d a tio n ; h e  w ill su p p ly  th e  
foundirym an w ith  as good a n d  s tro n g  a p a t t e r n  as 
is c o n s is ten t w ith  th e  n u m b er o f e a s tin g s  to  be 
p roduced . I t  is to  be  ex p ec ted  t h a t  by a  confiden t 
co lla b o ra tio n , new p ro g ress  will be m ade  fo r th e  
good o f th e  in d u s try .

DISCUSSION.
The Cumulative 111-Effect of Non-Co-operation.

M r. F .  C. E d w a r d s  c o n g ra tu la te d  th e  B irm in g 
ham  B ra n ch  upon  h a v in g  secu red  th e  p re sen c e  of 
a g en tlem an  of such w orld -w ide  e x p e rien c e  an d  
r e p u ta tio n  as M. R o n c era y . T h e  le c tu re r  h ad  
covered co n sid erab le  g ro u n d , som e of w hich was 
no d o u b t v e ry  d e b a tab le , e sp ecia lly  th e  re fe ren ces  
to gps tro u b le s . C o nfin ing  h is  re m a rk s  t o  th e  
co -o p era tio n  be tw een  th e  d ra u g h ts m a n  a n d  th e  
fo u n d ry m an , M r. E d w a rd s  sa id  he  h a d  h a d  som e 
y e ars  as a n  in te rm e d ia ry  b e tw een  th e  tw o, a n d  he  
believed th e re  was g r e a t  a n d  p re ss in g  need  fo r  an  
a d ju s tm e n t  o f th e  re la tio n s  be tw een  th o se  two 
d e p a rtm e n ts . O n th e  o ne  h a n d , th e  re q u ire m e n ts



of th e  fo u n d ry  w ere seldom , if  ever, rea lised  by 
th e  d ra w in g  office. O n th e  o th e r  h a n d , th e  
fo u n d ry  itse lf  was n o to riously  in a r t ic u la te  in 
voicing  i ts  own leg itim a te  re q u ire m e n ts . They 
th u s  p ro d u ced  a co n d itio n  which am o u n ted  to  a 
so r t  of m u tu a l reserve , w hich was n o t  good for 
e ith e r  th e  d ra u g h tsm a n  or th e  fo u n d ry , an d  was 
c e r ta in ly  d e tr im e n ta l  to  th e  w ell-being of th e  
en g in e e rin g  in d u s try  as a whole. E v ery o n e  p re 
se n t h a d  h e a rd  th e  h ackneyed  re m a rk  : “  You can 
n ev er dep en d  upon  c a s t  i ro n .”  T he in feren ce  was, 
he  supposed, t h a t  th e re  was som eth ing  in h e re n t, 
so m eth in g  p re ju d ic ia l  in  c a s t  iro n , w hich th ey  
could  n ev er co n tro l an d  which w as liab le  to  p ro 
duce sc rap  c a s tin g s  a t  any  m om ent. M any 
d ra u g h tsm e n  believed  t h a t  i t  was im possible to  
d ep en d  upon  c a s t iro n , an d  a c te d  upon  t h a t  belief. 
T ak e  an  exam ple. C e r ta in  p a r ts  of m an y  cas tin g s 
were re q u ire d  to  ta k e  a h eav ie r  load th a n  o th e r 
p a r ts . W h a t was th e  o rd in a ry  p ro ced u re  of th e  
d ra u g h tsm a n  in  those cases?  H e  sim ply  increased  
th e  m eta l a t  those  p o in ts . T he d ra u g h tsm a n  in 
creased  th e  m e ta l locally, th e  re s u lt  being  th a t ,  
unless th e  m ou lder re so rted  to  in te rn a l  o r e x te rn a l 
d en sen ers  o r  feed in g — an d  th ese  rem edies could 
n o t a lw ays he re so rted  to —th e re  was very  fre 
q u en tly  a sc rap  cas tin g . T he d ra u g h tsm a n  th en  
u tilise d  t h a t  as a f u r th e r  piece of ev idence t h a t  i t  
was im possib le to  dep en d  upon  c a s t  iron . Of 
course, th ey  could n e v er depend  upon  c a s t iron  if  
th ey  allow ed a  m u ltip lic ity  o f v a riab le s  to  u su rp  
r a tio n a l  co n tro l in  th e ir  m ethods o f m an u fa c tu re , 
for was th e re  an y  m a n u fa c tu re d  a r tic le  o r  n a tu ra lly  
p ro duced  p ro d u c t u n d e r  th e  sun  upon  which they 
could dep en d  unless in  i ts  m ak in g  th e  co n d itio n s 
of sound  an d  re liab le  p ro d u c tio n  had  been fu l
filled? N o t one , he  v e n tu re d  to  say. W as i t  too 
m uch to  ask t h a t  in  th e  sound p ro d u c tio n  of c a s t
ings th e  co n d itio n s should be fa v o u rab le  an d  n o t 
p re ju d ic ia l  to  such  p ro d u c tio n ?  S ince  bo th  
th e o re tic a l an d  p ra c tic a l fo u n d ry m en  ag reed  th a t  
design  p layed  a  fu n d a m e n ta l p a r t  in d e te rm in in g  
th e  soundness o f cas tin g s , was i t  too  m uch to  
ex p ec t t h a t  th e  d ra u g h tsm a n  should p lace  th e  
fo u n d ry  p o in t of view a t  le a s t  in  th e  f r o n t  ra n k  
of c o n s id e ra tio n , if n o t e n tire ly  first, w hen he was 
desig n in g  ca s tin g s?  T h a t  he should do so was,
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in  h is (M r. E d w a rd s ’) op in io n , d ic ta te d  n o t only 
by com m onsense, b u t  by th e  m ost e le m en ta ry  
p rin c ip le s  of econom y, fo r th e y  m ig h t sa fe ly  say 
t h a t  a  w ell-designed  c a s tin g  m ad e  o f th e  w orst 
m e ta l could  be ex p ec ted  to  b e  s tro n g e r  as a  whole 
th a n  a  bad ly -d esig n ed  c a s tin g  m ad e  fro m  th e  b e s t 
m e ta l o b ta in a b le .

Piston Design.
M e . W . J .  M o l y n e u x  re fe r re d  to  th e  au to m o b ile  

p is to n  to  which re fe ren ce  h a d  been m ad e  by M . 
R o n eeray , a n d  exp ressed  th e  o p in io n  t h a t  th ey  
w ould ex p erien ce  g r e a t  d ifficu lty  in  p e rsu a d in g  
d esig n ers  in  th is  c o u n try  to  fo rg o  th e  fo u r  su p 
p o r t in g  r ib s . T h ey  re g a rd e d  i t ,  h e  th o u g h t,  as a 
very  im p o r ta n t  m a t te r  to  co n n ec t th e  p is to n  boss 
w ith  th e  c y lin d e r h e ad , e specia lly  in  a  p is to n  of 
96 u p  to  120 m m . d ia m e te r . D id  th e  le c tu re r  
th in k  t h a t  i t  was possible to  g e t  th e  w e ig h t of th e  
p is to n  dow n by sac rific in g  th e  r ib s?

A Metallurgical Reminder.
M r . A .  M a r k s  sa id  i t  was q u ite  easily  possib le 

to  o b ta in  th e  sam e  s t r e n g th  in  a  2 |- in .  te s t-p ie ce  
as in  a  1-in . te s t-p ie ce . H e  th o u g h t i t  sh o u ld  be  
k e p t in  m in d  t h a t  s t r e n g th  was a  fu n c tio n  of th e  
g ra p h ite . W h ile  th e  s tr e n g th  q f c a s t iro n  m ig h t 
be  an  in d ire c t  fu n c tio n  of th e  s ilicon , i t  w as a 
d ire c t  fu n c tio n  o f th e  g ra p h ite .

Reinforced Cast Iron and the Use of Metallic Paints
M r. E . L o n g d e n  e x p ressed  h is  p le a su re  a t  f in d in g  

t h a t  M. R o n ceray  p ra c tic a lly  e n d o rsed  a ll th e  
conclusions t h a t  he  (M r. L o n g d en ) a r r iv e d  a t  as 
a  r e s u l t  o f v a rio u s  e x p e r im e n ts  a  s h o r t  tim e  ago. 
H e  called  a t te n tio n  to  a n  a r tic le  re c e n tly  p u b 
lished  in  T h e  F o u n d r y  T r a d e  J o u r n a l  d esc rib in g  
a new  process fo r  th e  p ro d u c tio n  o f  ̂ cy linder c a s t  
ings w hich am o u n te d  to  th e  a c tu a l  m e ta ll is in g  of 
th e  m oulds a n d  cores, e sp ecially  in  th o se  p a r ts  
p ro n e  to  d e fec ts , a n d  th e  conclusion  a r r iv e d  a t  was 
t h a t  th e  ch illin g  effect c re a te d  th e  so u ndness . H e  
d id  n o t  a g re e  t h a t  t h a t  w as th e  re a l  effect. W h y , 
in  such th in  sec tions as m o to r-c a r cy lin d e rs , should  
th ey  g e t d raw n  p laces?  T h e re  was no  r e a l  b u lk  
of m e ta l to  co n te n d  w ith . H e  c o n sid e red  t h a t  by 
m ore qu ick ly  free z in g  th e  m eta l th e y  w ouid red u ce  
c av ity , b ecause  th ey  red u ced  th e  a m o u n t of
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t im e  th e  gases could  p lay  off th e  aw kw ard  p ro je c t
in g  sand  c o rn ers . H e  also th o u g h t t h a t  possibly 
a  m uch  e as ie r  m ethod  would be to  c a rry  o u t  e x p e ri
m en ts , as he  was do ing  a t  th e  m om ent, in  th e  
d ire c tio n  of p a in t in g  th e  c o rn e rs  of th e  aw kw ard  
sec tio n s w ith  a  p a s te  of fe rro -m an g an ese  to  
acc e le ra te  th e  r a te  of cooling .

Vote of Thanks.
P ro p o s in g  a  vo te  o f th a n k s  to  M . R o n ceray , M r. 

J .  G. P e a r c e , th e  D ire c to r  o f  th e  B r i tish  C ast 
I ro n  R e se a rc h  A ssociation , sa id , in  h is o p in ion , 
th e re  was a n  enorm ous am o u n t to  be g a in ed  by 
ail in te rc h a n g e  o f ideas on  a n  in te rn a tio n a l  scale, 
a n d  t h a t  w as a p a r t ic u la r  reaso n  why th e  v is it  of 
M. R o n ceray  w as so welcome. H e  th o u g h t  th e  
I n s t i tu t e  w as to  be c o n g ra tu la te d  u p o n  th e  steps 
t h a t  i t  h a d  ta k e n  d u r in g  th e  la s t  few y ears  to  
p ro m o te  th e  in te rc h a n g e  o f id eas w ith  o th e r  coun
tr ie s  by th e  ex ch an g e  of P a p e rs  w ith  A m erica  an d  
th e  C o n tin e n t, by v is its  an d  in te rn a tio n a l  con
gresses a n d  by th e  p ro m o tio n  of in te rn a tio n a l  
s ta n d a rd s  fo r te s tin g . By th ese  m eans h e  th o u g h t 
th e  I n s t i tu te  was g iv in g  a re m a rk ab le  lead  a n d  a  
fine lead  to  o th e r  in s t i tu t io n s  in  th is  c o u n try . 
One th in g  e v id e n t fro m  th e  re m a rk s  of M. 
R o n ceray  w as th e  necessity  fo r know ing  m ore 
ab o u t th e  p ro d u c tio n  o f cas tin g s , th e  m a te ria l  
t h a t  th e y  used  in  th e  cu po la , m e ltin g  p ra c tic e , 
m ethods o f m ou ld ing  a n d  design , a n d  m ethods of 
a f te r - tr e a tm e n t  a n d  te s tin g .

M r . W . J .  F l a v e M /, in  second ing , ag reed  t h a t  i t  
was v ery  d es irab le  t h a t  th e re  should  be a  closer 
u n d e rs ta n d in g  be tw een  th e  d esig n er an d  th e  m an  
who h a d  to c a r ry  o u t  th e  w ork. W eek  a f te r  week 
th ey  m e t .w ith  th e  d ifficu lties d u e  to  design t h a t  
h a d  been o u tlin e d  in  th e  P a p e r . D ecen tly  his 
firm  h a d  rece iv ed  a  p a t t e rn  fo r a  valve, one end  
of w hich was 1 |  in . th ic k , th e  o th e r  side 1 in ., 
a n d  in  be tw een  th e re  w as a  p la te  o f m eta l f  in . 
th ic k . I t  was necessary  to  have  a ta lk  w ith  th e  
en g in e er, a n d  he  could a t  once see th e  difficulty 
a r is in g  from  c o n tra c tio n . H e  h a d  seen designs 
fo r th e  r e a r  ax le  case  of a m o to r-car w here th e  
s tre n g th e n in g  r ib s  in sid e  w ere p u t  in  d iagonally . 
T h a t  m e a n t to  say  t h a t  th e y  h a d  to  be w orked 
loose in  th e  core box, which obviously involved



co n siderab le  tro u b le . On in q u iry  i t  w as found 
th a t ,  if  p u t  in  a t  r ig h t-a n g le s  to  th e  c e n tre ,  they  
would se rv e  equally  well. Such a n  u n d e rs ta n d in g  
took  a consid erab le  a m o u n t of ex pense  off th e  job , 
bo th  as to  th e  m o u ld er a n d  th e  p a tte rn -m a k e r .  
In  th e  le c tu re  o f M . R o n c era y  th ey  h a d  le a r n t  
m uch t h a t  would be beneficia l to  th em  in  th e n  
tra d e .

T he re so lu tio n  w as h e a r t i ly  e n d o rsed  by th e  
m ee tin g .

The Author’s Reply.
R ep ly in g  u p o n  th e  d iscussion , M . R o n c e r a y  sa id  

th e re  w as no d o u b t in  h is  m in d  t h a t  m o st o f th e  
d ifficu lties e x p erien ced  in  th e  fo u n d ry  w ere d ue  
to  g as. T he g a s  w as n o t  p ro d u c ed  in  th e  m e ta l 
i t s e l f ; i t  w as cau sed  by h o t  m e ta l in  c o n ta c t  w ith  
san d . As to  th e  va lve  o f th e  a u to m o b ile  p is to n s , 
he a g ree d  t h a t  th e  w e ig h t co u ld  be re d u c e d  a n d  
s till  g iv e  sa t is fa c to ry  p is to n s . H e  was convinced  
th a t  in  c u t t in g  o u t  th e  r ib s  th e y  o b v ia te d  d e fec ts . 
H e  d id  n o t say' t h a t  silicon  a ffec ted  th e  s t r e n g th  
of c a s t  iro n . H e  sim ply  to o k  K e e p ’s c u rv es  a s  
th ey  w ere. T h e  silicon effect o n  th e  s t r e n g th  of 
iro n  in  t h a t  case w as n o t  p u re ly  th e  e ffect o f 
silicon ; i t  was a q u estio n  of s t r u c tu r e .  H e  d en ied  
t h a t  th e  a m o u n t of g ra p h ite  was o f g r e a t  im p o r t
ance , b u t  th e  s ta te  o f th e  g r a p h i te  w as. A m erican  
black h e a r t  m alleab le  w as m u ch  s tro n g e r  th a n  
c a s t  iro n , because  th e  g ra p h ite  w as in  a  v e ry  fine 
s ta te  o f d iv is io n , a n d  th e re  w ere  n o  flakes o f 
g ra p h ite  w hich  c u t  th e  s t r e n g th  o f th e  m e ta l.  I t  
was n o t  a  q u e s tio n  o f m e ta llu rg y  th e re  ; i t  w as a 
qu estio n  o f m e ta llo g rap h y . I t  m ig h t  be t h a t  som e 
d ay  fo u n d ry m en  would find  th e  c o rre c t t e x tu r e .  
In  fa c t ,  som e w ork  h a d  been  done in  t h a t  d ire c tio n , 
w ith  p e a f l i t ic  c a s t  iro n  as a re su lt,  w hich  he  
th o u g h t w as a  v e ry  b ig  n a m e  fo r  a  v e ry  sm all 
th in g . H e , too , w as g lad  to  find M r. L o n g d en  in  
accord  w ith  h is  conclusions. R e fe r r in g  to  b lack 
p o in ts  in  f la t p la te s , he  a t t r ib u te d  th e m  to  th e  
absence o f care  in p o u r in g  th e  p la te s , w ith  th e  
re s u l t  t h a t  sm all p ieces of slag  w ere in c o rp o ra te d  
in i t .  I n  h is  o p in io n , a  te s t  o f a n  a c tu a l  c a s tin g  
was m ore in te re s t in g  th a n  a  te s t  o f a  te s t-p ie ce , 
especially  in  c a s t  iron .

5G8 '
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METALLURGICAL CONTROL IN AUTOMOBILE 
FOUNDRY PRACTICE.

By A. Harley, Member.
Modern Conditions and Tendencies.

I n  re c e n t y e a rs  th e  a u th o r  h as been m uch 
im pressed  by th e  fa c t t h a t  th e  scope o f th e  fo u n d ry  
is be ing  seriously  c u rta ile d  by o th e r  m ethods of 
m a n u fa c tu re . T he e n g in eer is in c lined  to  look 
u pon  th e  fo u n d ry  as a  necessary  evil. H e  seems to  
have a d is t r u s t  of c a s t m e ta l, p a r tic u la r ly  cas tin g s 
m ade in  san d . One c an n o t be b lin d  to  th e  fa c t 
t h a t  s ta m p in g s  a re  p re fe rre d  to  m alleab le  iron  o r 
s teel c as tin g s, an d  a re  in tro d u c ed  w herever pos
sible. T h is  a t t i tu d e  of th e  e n g in eer m ay be q u ite  
ju stified , b u t  fo u n d ry m en  m u st do th e i r  b est to 
e stab lish  m ore  confidence in  th e ir  work.

E ven  on th e  n o n -fe rro u s  side, b rass p ressings aire 
d isp lac in g  cas tin g s  to  a considerab le  e x te n t , a n d  
in a lu m in iu m  alloys, d ie  cas tin g s  a re  d isp lac ing  
th e  san d -cas t a r tic le . I t  is n o t so m uch  cheapness 
(a lth o u g h  some of these  processes a re  com peting  
seriously  w ith  th e  fo u n d ry  even on th is  c o u n t) , b u t 
re liab ility  t h a t  th e  e n g in eer is a f te r .  In  fa c t, th e  
w ord “ r e l ia b i l i ty ”  h a rd ly  covers all t h a t  he  w ants. 
In  a  P a p e r  p u b lish ed  a few y ears  ago an  a u to 
m obile e n g in eer su m m arised  h is re q u ire m e n ts  fo r 
cas tin g s  to  be  as follow s: —

(1) P ro d u c e d  to  close physical sp ec ifica tio n s; (2) 
•of h ig h  physical p ro p e r t ie s ; (3) sound and  free  
from  d efec ts in  all p a r t s ; (4) c o rre c t to  size and  
shape , h a v in g  a  fine su rfa ce  finish— p re fe ra b ly  p ro 
duced  in  p e rm a n e n t m o u ld s ; (5) p roduced  a t  low 
c o s t;  (6) h a v in g  th e  p ro p e rtie s  o f th e  steels by so 
a r ra n g in g  th e  ca s tin g  co n d itio n s th a t  th e  im p u ri
t ie s  a re  re n d e re d  in e r t  o r  n o n -e x is te n t; (7) p ro 
duced  in  l ig h t  alloys h a v in g  s tre n g th  an d  o th e r  
p ro p e rtie s  a p p ro x im a tin g  to  those of s t e e l ; (8)
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produced  in  l ig h t  alloys, b u t  w ith  bearing or o th e r  
su rfaces  possessing  spec ia l p ro p e rt ie s  su ita b le  to  
th e  needs o f th e  design , o b ta in e d  by c a s tin g  in , 
ch illin g , o r  local h a m m e r in g ; (9) p ro d u ced  by d ie  
c a s tin g  processes close to  size in  o rd e r  to  e lim in a te  
m ach in e  w o rk ; an d  (10) h a v in g  spec ia l p ro p e rtie s  
fo r  spec ia l p u rposes.

On beh alf of th e  fo u n d ry , th e  a u th o r  su b m its , 
by w ay  of rep ly , th e  fo llow ing  p o in ts  to  th e  
en g in e e r a n d  d e s ig n e r fo r  h is c o n s id e ra t io n :— (1) 
T h a t  th e  p h y sica l te s ts  specified  sha ll h av e  som e 
re la tio n  to  th e  a c tu a l  se rv ice  th e  c a s tin g  h a s  to  
p e r fo rm ; (2) t h a t  th e  s t r e n g th  of a  c a s tin g  is 
seldom  re p re se n te d  by th e  s t r e n g th  o f th e  t e s t  
b a r , e ith e r  “ c as t o n ”  o r s e p a ra te ;  (3) t h a t  a ll  
cores sh o u ld  h av e  som e v is ib le  m ea n s  o f s u p p o r t ; 
(4) t h a t  f a i lu re  in  ^e rv ice  is  d u e  m ore  o f te n  to  
b a d  d esign  th a n  b a d  m e ta l ; (5) ease o f m ac h in in g  
is n o t n ecessa rily  th e  h a ll-m a rk  o f exce llence  in  a 
c a s tin g ;  a n d  (6) if  a n  e r ro r  is m ad e  in  m ac h in in g , 
th e  c a s tin g  shou ld  n o t  be c a re fu lly  re -ex am in ed  
fo r fo u n d ry  d e fec ts .

I n  th e  p a s t  th e r e  is no d o u b t t h a t  fo u n d rie s  h av e  
n o t been b u ilt ,  e q u ip p e d  a n d  s ta ffed  to  m ee t th e  
d em an d s t h a t  h av e  been  m ad e  u p o n  th em . A t  th e  
sam e tim e , i t  is  re a lly  a m a z in g  to  find w h a t h a s 
been accom plished  in  som e o ld  fo u n d rie s . T h is  
re fe rs  p a r tic u la r ly  to  jo b b in g  fo u n d r ie s , a n d  th e  
re su lts  w ere d u e  chiefly  to  th e  h ig h  sk ill a n d  accu 
m u la ted  p ra c tic a l ex p erien ce  o f th e  in d iv id u a l 
m o u ld er. I n  th e  q u a n ti ty  p ro d u c tio n  of m o to r 
cas tin g s, how ever, th is  ty p e  o f m an  does n o t  find 
th e  scope he  re q u ire s . U n ifo rm ity  o f p ro d u c tio n , 
n o t on ly  in  q u a lity , b u t  q u a n ti ty ,  h a s  b ro u g h t 
a b o u t a n  o rg a n is a t io n  re sem b lin g  m ore  o r  less a  
m ach ine  shop. A t  th e  D a im le r co n ce rn , th e  
fo u n d ry , w hich is on ly  p a r t  of a  la rg e  o rg a n is a t io n , 
h as to  w ork to  a  schedule , a n d  th is  com prises 
h u n d re d s  of p a t te rn s ,  w ith  a  d e fin ite  q u a n t i ty  to  
be d e liv e red  from  each  ev ery  w eek, if  n o t  every  
day. F a i lu re  to  m a in ta in  th e se  d e liv e rie s  cau ses 
serious d is lo ca tio n  th ro u g h o u t th e  e n t i r e  works. 
T h ere  a re  obv ious reaso n s also why i t  is  unw ise  
fo r th e  p ro d u c tio n  of cas tin g s  to  h e  m uch  ah ead  
of th e  m ach in in g . W ith all i ts  p re c a u tio n s  th e  
fo u n d ry  is s t i ll  q u ite  cap a b le  o f m ak in g  b ad  c a s t
ings. M uch has y e t to  be d o n e , b u t  th e  o rg a n isa
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tio n  sh o u ld  be  cap ab le  of p re v e n tin g  tro u b le  
re ac h in g  t h a t  ep idem ic  s ta g e  w hich  every  fo u n d ry - 
m an  d read s.

To m eet th e se  co n d itio n s, th e re fo re , th e  fo u n d ry  
h a s  developed a lo n g  c e r ta in  lines, a n d  th ese  m ay 
he s ta te d  b riefly  as follow s :—

T he la b o ra to ry  a n d  p a t te rn  shop a re  v ita l  an d  
in te g ra l  p a r ts  of th e  o rg a n is a tio n . Wliilei th e ir  
re sp o n sib ilitie s  should  be  c learly  defined, th e ir  
a c tiv itie s  should  be  u n d e r  one co n tro l, t h a t  of th e  
fo u n d ry  m an ag er.

T h e  p a tte rn -sh o p  fo rem an  is a  v ery  im p o r ta n t  
m an . H e  is responsib le  fo r th e  d im en sio n a l accu
ra cy  o f all c as tin g s, a n d  supplies all th e  jig s  and  
g au g es  re q u ire d  in  th e  fo u n d ry . H e  is also th e  
lin k  w ith  th e  d ra w in g  office, a n d  m u s t convey 
fo u n d ry  id eas as to  th e  m ethod  of m ou ld ing , and  
secu re  an y  m odifications o f th e  design  which will 
f a c i li ta te  p ro d u c tio n .

The la b o ra to ry , o f course, checks a ll raw  
m a te r ia ls  received  a n d  th e  c a s tin g s  p roduced , to  
see if  th ey  a re  up  to  specification . T he a u th o r  has 
fo u n d  i t  c o n v en ien t also to  m ak e  a chem ist 
responsib le  fo r k eep in g  th e  s ta n d a rd  fu rn a c e  m ix
tu re s  c o rre c t, b u t  n o t fo r th e  w o rk in g  o f th e  
fu rn ace . All m e ltin g , m ou ld ing  a n d  co rem ak ing  
should  be  u n d e r  th e  fo u n d ry  fo rem an .

Organisation of Labour Conditions.
P erso n a lly , th e  a u th o r  en co u rag es b o th  p a tte rn -  

shop a n d  la b o ra to ry  s ta ff to  ta k e  an  in te re s t  in 
th e  fo u n d ry  p a r t  o f th e  job . The know ledge th e y  
acq u ire  g ives th em  a  b e t te r  g ra sp  o f th e i r  own 
side  o f  th e  business, i ts  ex ac t re la tiv e  im p o rtan ce , 
a n d  in  th e  case of th e  chem ist, he lea rn s  how 
sc ien tific  d a ta  should  he ap p lied  in  p ra c tic a l 
p ro d u c tio n .

P ra c tic a lly  all th e  D aim le r c a s tin g s  a re  m achine- 
m oulded. T h e  m ach ine  is of th e  p n e u m a tic  ja r r in g  
ty p e . T h e  com pressed -a ir p ip in g  is c a rried  o v e r
h ead , as leak ag es a re  m ore quick ly  discovered. 
T he b u lk  o f th e  lab o u r em ployed is w h a t is know n 
as sem i-sk illed . T he co n d itio n s re n d e r  necessary  
a  co n siderab le  sub-d iv ision  of th is  la b o u r ;  fo r  
exam ple, th e  m oulder does n o t assem ble h is boxes, 
n o r does he m ake  h is  cores. M oreover, se p a ra te  
m en do th e  cas tin g . E ven  in  co rem ak in g  th e re  is
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a c e r ta in  a m o u n t of sub -d iv ision . T h e re  a re  
specia l m en who m ake  all th e  core w ires, w h ilst 
o th e rs  do any  jo in t in g  t h a t  is  re q u ire d . I t  is th e  
sam e w ith  f e tt l in g  T he o p e ra tio n s  of sa n d 
b la s tin g , c u tt in g  off th e  g i ts  a n d  ru n n e rs , bobbing  
an d  d ressin g  a re  p e rfo rm ed  by d if fe re n t m en. 
T h is sub-d iv ision  of lab o u r m eans a system  of 
in sp ec tio n  w hich r a th e r  resem bles m ac h in e  shop 
p ra c t ic e ;  fo r  exam ple, every  core m ade  is  passed  
in to  s to re s  a f te r  d ry in g . I n  th e se  s to re s  th e  cores 
a re  c a re fu lly  in sp ec ted  a n d  im p o r ta n t  cores a re  
checked w ith  spec ia l g au g es fo r d im en sio n a l accu 
racy . A c cu ra te  reco rd s a re  a lso  k e p t  of a ll cores 
re je c te d , by whom m ade, an d  o f all issues.

P ra c tic a lly  all th ese  c a s tin g s  a re  m ach in ed  to  
jig s , w hich c o n s titu te s  a n o th e r  re aso n  fo r  p re c a u 
tio n s  to  en su re  accu racy . A n o th e r  f e a tu r e  w hich 
has to  be co n sidered  is th e  q u estio n  of m ac h in in g  
speed, a n d  th is  is a  p o in t  w hich h a s  i ts  in flu en ce  
on m e ta llu rg ic a l p ra c tic e .

T he s ta n d a rd is a tio n  of m ac h in in g  speeds in  con
ju n c tio n  w ith  p iece w ork  o r bonus system  of p a y 
m en t, ca lls  fo r u n ifo rm ity  firom d ay  to  d ay  in  th e  
physica l co n d itio n  of th e  m e ta l in  th e  c a s tin g s . 
T he d es ire  o f th e  e n g in e e r  to  in c re ase  m ac h in in g  
speeds is  one w hich th e  fo u n d ry  m u s t s u p p o r t  in  
p r in c ip le . T h ere  is a  d a n g e r , how ever, t h a t  c a s t 
ings m ay be serio u sly  s tressed  by excessive speeds. 
T his ap p lies  p a r tic u la r ly  to  c a s t  iron  of a h a rd ,  
b r i t t le  n a tu re .  Such  c a s tin g s , if  th e  d e s ig n  is a t  
all com plica ted , m ay  a lre ad y  possess l a te n t  s t r a in s .  
F in e  c rac k s  m ay  be caused  in  th is  w ay, a n d  th ese  
a re  n o t  eas ily  d e te c te d  u n less th e  c a s tin g  h a p p en s  
to  be one which is te s te d  u n d e r  w a te r  p re ssu re , 
such as a  cy lin d e r. In s ta n c e s  h av e  been fo u n d  
w here v ery  c lo se-g ra ined  m e ta l h a s  fa iled  u n d e r  
th e  p re ssu re  te s t ,  a n d  co m p a ra tiv e ly  o p e n -g ra in ed , 
b u t  to u g h e r  iro n , h a s w ith sto o d  it.

Cast Iron.
W ith  re g a rd  to  th e  m e ltin g  of c a s t  iro n , th e  

cupo la , in  sp ite  of i ts  l im ita tio n s , is s till su p rem e. 
T he g re a t  v i r tu e  of th e  cupo la  is t h a t  i t  can  p ro 
duce  h o t m olten  m eta l ch eap ly  a n d  co n tin u o u sly . 
I ts  g r e a t  d e fec t is t h a t  i t  is im possib le  r ig id ly  to  
co n tro l th e  to ta l  c a rb o n  a n d  su lp h u r . T he p e r
cen tag es o f th ese  in c rease  d u r in g  th e  m e ltin g
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o p e ra tio n , an d , g en era lly  sp eak in g , tlie  a u th o r  
would d esire  a re d u c tio n  in  th e  a m o u n t of these 
e lem en ts. In  re g a rd  to  tu y ere s , he  has come to  
th e  d e fin ite  conclusion t h a t  one row  is best.

T he qu estio n  of th e  m ost su itab le  m eta l fo r a u to 
m obile cy lin d ers is very  im p o r ta n t. M uch has 
been w rit te n  on th is  m a tte r ,  and  th e  g en era l p ra c 
tice  is to  p ro d u ce  close-grained  iron of a p p ro x i
m ate ly  th e  follow ing c o m p o s itio n :— T .C , 3 to  3 .5 ;

N o n - P h o s ph o r ic  C y l i n d e r  '

F r O. 1 .  M lC K O  STRUCTURE OF F h OSPHORIC
AND N o N - P h OSPHORIC CY LIN D E R  IR O N .

Si, 1.5 to  2 .0 ; P ,  0 .8  to  1 .0 ; S, 0.12 m ax im u m ; 
an d  M n, a b o u t 1.0 p e r cen t.

T hese  figures a re  to  be ta k e n  w ith  reserve, as 
so m uch d epends upon  th e  ty p e  an d  design . T his 
k in d  o f m e ta l is in  fa v o u r because i t  g ives a 
h ig h e r ten s ile  an d  tra n sv e rse  te s t ,  a n d  is sup 
posed to  g iv e  a good su rfa ce  when m achined , w ith 
good w earin g  q u a litie s . T h ere  is one q u a lity  in 
c a s t iro n , how ever, which is u su a lly  a b sen t from  
m eta l of th is  com position , and  i t  is a p ro p e rty  of 
ca s t iron  to  which th e  a u th o r  assoc iates much 
im p o rtan ce . F o r  th e  w a n t of a b e tte r  te rm  he
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calls th is  th e  q u a lity  o f toug h n ess. I f  a b a r  of 
c lo se-g ra in ed  h ig h -g rad e  c y lin d e r p ig -iro n  a n d  a  
b a r  o f o p e n -g ra in ed  s o f t  h e m a tite  p ig -iro n  a re  
b ro k en  w ith  a  s led ge-ham m er, w h a t is  fo u n d ?  
T he fo rm er b re ak s  easily , a n d  th e  l a t t e r  does n o t. 
I s  th is  q u a lity  of to u g h n ess  o r  re s is ta n c e  to  shock 
neg lig ib le?  I t  is n o t  th o u g h t so. To w h a t is i t  
d u e?  O bviously , i t  m u s t  be d u e  to  th e  low -phos- 
p h o ru s  c o n te n t, a n d  th is  to u g h n ess  is r e ta in e d  
in sp i te  of la rg e  g ra p h ite  p la te s . I t  m ay  be

Non - Phosphoric 

C ylinpe.R 

. Iron . ■

X flO O . m
Phosphoric 

C ylinder 

Iron 

x 4 0 0 . m
F i g . 2 .

o b jec ted  a t  once t h a t  p h o sp h o ru s is e sse n tia l to  
o b ta in  th e  necessary  f lu id ity  re q u ire d  in  ru n n in g  
a  la rg e  au to m o b ile  cy lin d e r, w here  th e  sections  
a re , in  som e cases, exceed ing ly  th in .  T h e  answ er 
to  th is  is t h a t  p h o sp h o ru s is n o t n ecessa ry , p ro 
v ided  th e  m eta l is su ffic ien tly  ho t;

A possible second o b jec tio n  th a t  m ay  be ra is e d  is 
th e  expense  o f h e m a tite  p ig -iro n  ; b u t ,  as % m a t te r  
of fa c t, h e m a tite  iro n  is u su a lly  c h ea p e r th a n  th e  
special b ra n d s  of p hosphoric  iro n  sold fu r c y lin d e r 
w ork. A th i r d  o b jec tio n  m ay be th e  in te r io r
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w earin g  q u a litie s  of th e  low -phosphoric iro n , ow ing 
to  th e  s t ru c tu re  be in g  co m p ara tiv e ly  m ore open . 
H ow ever, th e  a u th o r  has n o t  know n of any  exces
sive w ear ta k in g  p lace  w ith  such m eta l, a lth o u g h  
h e  has m ad e  te n s  of th o u sa n d s  of cy lin d ers , and  
h u n d re d s  of th o u sa n d s  o f o th e r cas tin g s  which a re  
su b jec ted  to  th e  sam e w ear as a cy lin d er b a rre l.

I n  fa c t, he  is r a th e r  c h an g in g  h is view s in  re g a rd  
to  c a s t iro n  fo r th is  class o f w ork. F ro m  th e  fo re 
go ing  i t  w ill be concluded  t h a t  he  h as n o t m uch 
use fo r  p h o sp h o ru s in  cy linder w ork, an d  he is 
r a th e r  in c lin ed  to  s t ip u la te  th e  sam e co n d itio n s 
fo r su lp h u r . A p p a ren tly , m any  of th e  difficulties

F io .  3 . — I n f l u e n c e  o f  S t e e l  A d d i t i o n s  
o n  t h e  G r a p h i t e  S t r u c t u r e  o f  S e m i - 
S t e e l  C a s t  I r o n

w ith  c a s t iro n  a rise  from  its  com plex com position . 
C onversely , th e  a u th o r  is of th e  op in ion  t h a t  m any  
of th ese  difficulties would be overcom e if i ts  com 
p o sitio n  could  be sim plified  by e lim in a tin g  a s  fa r  
as possible phosp h o ru s an d  su lp h u r. I t  would tak e  
m uch to  convince th e  a u th o r  t h a t  th e  com pounds 
which th ese  e lem en ts fo rm  in  cas t iro n  a<re really  
beneficial. W ith  cu p o la  m eltin g  one can n o t, of 
course, e lim in a te  su lp h u r, b u t i t  is th o u g h t th a t  
th e  e le c tr ic  fu rn ac e  will p lay  its  p a r t  in  th e  p ro 
d u c tio n  o f m eta l free  from  th is  im p u r i ty .' F u r th e r ,  
w ith  th e  a id  o f th e  e lectric  fu rn ac e , q u a litie s  will 
be  im p a rte d  to  cas t iro n  which will w iden th e  
v a lu e  of i ts  u sefu lness, an d  w h a t is equally

TO*** 'M C O lm ,
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im p o r ta n t, m ake  it  a  m uch m ore re liab le  m a te ria l  
fo r th e  e n g in e e r in g  in d u s try  th a n  i t  is a t  p re se n t.

W ith  th e  m an ip u la tio n  o f th e  e lem en ts  re m a in 
ing , t h a t  is, carb o n , silicon, a n d  m an g an ese , m ost 
of th e  d e s ired  q u a lit ie s  can  be o b ta in e d , b u t  in  
th is  co n n ec tio n  i t  is n o t fo rg o tte n  th e  p o ss ib ilitie s  
o p en ed  o u t  by th e  in tro d u c tio n  o f specia l e lem en ts , 
such as ch ro m iu m , to  im p a r t  sp ec ia l a n d  p a r t ic u la r  
p ro p e rtie s .

B o th  h ig h  a n d  low p h o sp h o ric  iro n s  a r e  u sed  by 
th e -a u th o r  fo r  c y lin d e r w ork. T he fo rm er is chiefly 
em ployed in  th e  p ro d u c tio n  o f m otor-cycle  
c y lin d ers . F ig s . 1 a n d  2 show th e  m ic ro s tru c tu re  
of th ese  tw o iro n s , a n d  th e  a n a ly sis  of each .

In  e n g in e e r in g  c a s tin g s , th e  sp eed  a t  w hich  a 
c a s tin g  can  be m ach in ed  is a v e ry  im p o r ta n t  fa c to r  
in  p ro d u c tio n  t h a t  re q u ire s  c o n s id e ra tio n . I f  
h a rd n e ss  is e sse n tia l, th e r e  is no h e lp  fo r  i t ,  b u t  
if n o t  e sse n tia l i t  a p p e a rs  to  be  uneco n o m ica l to  
em ploy h a rd  m eta l. T he fo u n d ry m a n , as well as 
th e  en g in e e r, m u s t s tu d y  th e  a c tu a l  serv ice  w hich 
th e  cas tin g s  h av e  to  p e rfo rm . W ith  th is  in fo rm a 
tio n , h is  m e ta llu rg ic a l know ledge w ould be  of 
im m ense v a lue , b o th  on  m a t te r s  o f d esign  a n d  
th e  k in d  o f m e ta l t h a t  w ould be m ost su itab le . 
T h e re  is a n o th e r  p o in t in  p ro d u c tio n  w hich  shou ld  
be  m en tio n ed  also, a n d  th is  is |i p u re ly  fo u n d ry  
c o n sid e ra tio n . A low -phosphoric  m e ta l does n o t 
“  d raw  ”  to  th e  sam e e x te n t .  P e rc e n ta g e s  from  
0 .8 dow n to  ab o u t 0 .4  a re  o f te n  reco m m en d ed , th e  
o b jec t b e in g  to  s t r ik e  a  h a p p y  m ed ium . I n  o th e r  
w ords, to  red u ce  th e  q u a lity  o f  b r i tt le n e s s  which 
p h o sphorus im p a rts ,  b u t  to  hav e  suffic ien t p re se n t 
to  o b ta in  f lu id ity . T hese  m edium  p e rc e n ta g e s  a re  
n o t good fo r c y lin d e r w ork un less v e ry  sp ec ia l p re 
cau tio n s  a re  ta k e n  to  p re v e n t  “  d ra w in g .”  On 
th e  o th e r  h a n d , m an y  o f th e  tro u b le s  axe e n tire ly  
e lim in a te d  by  re d u c in g  dow n to  0.15 p e r  cen t, o r  
u n d er.

I t  is com m on know ledge th a t  th e  tra n s v e rse  an d  
ten s ile  s tre n g th  of th is  low -phosphoric  iro n  could  
be in creased  by low ering ' th e  to ta l  carb o n . In  
c e r ta in  c lasses o f w ork th is  i s  n ecessary , a n d  ve ry  
fine iron  i t  is, co m bin ing  s t re n g th  an d  to u g h n ess, 
b u t  th e  ch illin g  o f co rn ers  o r  l ig h t  p ro jec tio n s , 
p a r tic u la r ly  w here  th e  m eta l m ay becom e s ta g n a n t ’ 
h as to  be g u a rd ed  a g a in s t.
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Semi-Steel
T his m eta l is b e in g  re fe rre d  to  as sem i-steel, 

because one c an  n ev er be q u ite  su re  w h a t th e  la te s t  
nam e is. T he old te rm  is good enough  fo r th e  a u th o r . 
M any im p o r ta n t  m o to r c a s tin g s  a re  m ade  in  th is  
m e ta l. T he a u th o r  h a s  n o t developed th e  cupola- 
m ixed m eta l very  m uch. T he D a im le r concern  has 
severa l d if fe re n t m eta ls  go ing  th ro u g h  th e  fu rn ac e

m *l|§t
C .T. c.c. C.G. S i. s. P.
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F i g . 4 .— M ic k o i'h o t o g r a p h s  a n d  

M e c h a n ic a l  T e s t  f r o m  C o n 
v e r t e r  S t e e l .

each  day, an d  th e  cond itio n s, th e re fo re , a re  no t 
v ery  fa v o u ra b le  fo r th e  u n ifo rm  p ro d u c tio n  of 
cu p o la-m elted  sem i-steel. T he m olten  steel is added  
to  th e  m olten  iron  in  th e  lad le , a n d  i t  has been 
found  t h a t  20 p e r cen t, gives a b o u t th e  b est a ll
ro u n d  re su lts . Above th is  p e rcen tag e  th e  very  
fluid slag , form ed on th e  su rface  of th e  m eta l, is 
r a th e r  p ro n ounced , an d  th is  slag is a  d a n g e r  to  
c lean  w ork. Sem i-steel m ade in th is  m an n e r has 
v ery  fine physical p ro p e rtie s . The cas tin g s p ro 
duced  a re  d e fin ite ly  u n ifo rm , an d  th e re  h av e  been 
re m a rk ab ly  few r e tu r n s  from  th e  m achine shop. 
I t  has been n o ticed , how ever, th a t  th is  m eta l is

u
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r a th e r  suscep tib le  to  chill. Sem i-steel is s im p lj 
a n  a t te m p t  to  im prove  th e  q u a lity  o f c a s t  iro n , 
an d  if p ro p e r  c a re  is ex erc ised  i ts  use  by th e  
e n g in e er will becom e m ore  w id esp read . F o r  th is  
p u rp o se  a lso  low -phosphorus iro n  is p re fe ra b le , as 
th e  h ig h -te n s ile  s t r e n g th  is a sso c ia ted  w ith  re a l 
to u g h n ess. F ig . 3 shows th e  effect o f v a ry in g  s tee l 
a d d itio n s  on  th e  p h y sica l p ro p e rtie s .

Malleable Iron.
As to  th e  u n s u ita b i l i ty  o f m alleab le  iro n  fo r 

au to m o b ile  c a s tin g s  th e re  is, in  th e  a u th o r ’s 
o p in io n , no  q u estio n . I t  is a  f a c t  t h a t  th is ,  
m a te ria l  is n o t considered  re liab le  by th e  a u to 
m obile en g in e e r, an d  th e  process of p ro d u c tio n  
ve ry  o f te n  m ean s v ex a tio u s  d e lay  in  d e liv e ries . 
C astin g s a re  o f te n  too  h a rd  to  m ach in e , a n d  p a in 
fu lly  lac k in g  in  th e  d u c ti l i ty  a n d  to u g h n ess  w hich 
enab les th e  p a r t  to  w ith s ta n d  shock.

T h ere  is  no  d o u b t t h a t  A m erican  p ra c t ic e  h a s  
m ade g re a t  s tr id e s  in  th is  in d u s try . I s  th is  p a r t ly  
due to  th e  use o f m e ta l w hich  is ra d ic a lly  d iffe re n t 
in com position  fro m  o u rs , o r  sim p ly  to  im p ro v e
m en ts in  th e  m eth o d s o f m a n u fa c tu re ?  W ith  
B r i tish  h ig h -su lp h u r iro n  th e  p rocess o f a n n e a lin g  
is rea lly  v e ry  d ifficult. W ith  th in  sec tio n s, an d  
w ith  e v e ry th in g  c a r r ie d  o u t  p ro p e rly , i t  is re a lised  
t h a t  very  fine m eta l can  be p ro d u ced , b u t  w ith  
sec tions o f in . an d  over i t  is h a rd ly  possib le to  
an n ea l th e  m eta l th o ro u g h ly  th ro u g h o u t. W ith  
th ick  sections i t  is on ly  by ra is in g  th e  silicon  th a t  
th e  s t ru c tu re  can  be b ro k en  down a t  a ll re a d ily , 
b u t good m alleab le  iro n  is ni>t th u s  p ro d u ced . 
T h ere  is one p e cu lia r  f e a tu re  a b o u t m alleab le  of 
which th e  a u th o r  h as h a d  e x p erien ce , a n d  w hich 
was re fe r re d  to  in  T h e  F o u n d r y  T r a d e  J o u r n a l  
q u ite  rece n tly . I n  a P a p e r  issu ed  by th e  A m erican  
B u re au  of S ta n d a rd s  e n ti t le d  “  E m b r i t t le m e n t  of 
M alleab le  C a st I ro n  R e su ltin g  fro m  H e a t  T r e a t 
m en t ” i t  was s ta te d  t h a t  w hen th e  iro n  was 
h e a te d  to  w ith in  a  c r it ic a l  ra n g e  o f b e tw een  250 
to  480 deg. C ., a n d  th e n  q u en ch ed  o r  cooled 
ra p id ly , th e  m e ta l becam e b r i t t le .  I t  was also 
found  t h a t  if th e  iron  was h e a te d  to  a te m p e ra tu re  
of 110 deg. above th e  c r it ic a l  ra n g e  a n d  q uenched  
from  t h a t  te m p e ra tu re ,  i t  w as m ore r e s i s t a n t  to  
shock, an d  also re n d e re d  im m une to  e m b rit tle m e n t 
as a  re su lt  of su b seq u en t re h e a tin g  to  w ith in  th e  
c r it ic a l  ra n g e .

i



T h is  p h en o m en a  cam e to  th e  a u th o r ’s n o tice  
m any  y e a rs  ago w hen engaged  in th e  p ro d u c tio n  of 
m alleab le  cas tin g s , a lth o u g h  he  was n o t aw are  of 
th e  m ethod  o f h e a t  t r e a tm e n t  by which t h e  m eta l 
could  be re n d e re d  im m une. H e  is s t i l l  inclined  to  
d o u b t w h e th er th is  im m u n ity  would be p e rm a n en t. 
W h a t h e  d id  find o u t ,  how ever, w as t h a t  th e  com 
p o sitio n  o f th e  m eta l h a d  an  im p o r ta n t  b e a rin g  on 
th e  m a t te r .  P u t t in g  i t  ve ry  b riefly , easily  ann ea led  
m eta l, i .e .,  m e ta l w ith  th e  silicon fa ir ly  h igh , w as 
liab le  to  e m b ri t tle m e n t in  th is  m an n e r. M eta l low 
in  silicon, p ro p e rly  an n ea led , was no t.

As m ost fo u n d ry m en  a re  aw are , m alleab le  c a s t
ings a re  la rg e ly  used  in  th e  p ro d u c tio n  of m o to r
cycles and  o rd in a ry  cycles. M any  o f th ese  cas tin g s 
hav e  to  be b razed  on to  th e  d iffe re n t p a r ts  of th e  
fram e. D u rin g  th is  o p e ra tio n  th ey  a re  h e a ted  to 
a b o u t th e  c r it ic a l  te m p e ra tu re , an d  th e n  th ro w n  
on th e  floor to  cool. I f  th e  m eta l h a p p en s  to  be 
th e  h igh  silicon v a r ie ty  e m b rittle m e n t ensues if 
th e  coo ling  is ra p id . M any cases of fa ilu re  in 
serv ice  could be tra c e d  to  th is  cause. I t  was 
r a th e r  in te re s t in g  to  find th a t  A m erican  “  B lack- 
h e a r t  ”  m alleab le  was also su b ject to  d e te r io ra tio n  
u n d e r th e  co n d itio n s  described .

Table I  shows th e  m echan ical te s ts  of sam ples of 
E n g lish  B lackheairt an d  E n g lish  R e a u m u r 
m alleab le  iro n .

T a b l e  I .— Mechanical Strength of English Blackheart and 
English Reaumur.

T.C. C.G. G.C. Si. S. P. Mn.

A 2.57 Tr. 2.57 0.66 0.034 0.11 0.40
B 2.60 Tr. 2.60 0.62 0.038 0.11 0.39
C 2.33 0.85 1.48 0.67 0.42 0.059 Tr.
D 2.20 0.86 1.34 0.65 0.44 0.066 Tr.

M.S. Y.P. E% R.A.% H. Imp.

A 13.93 11.70 5.0 10.75 131 7.5
B 15.90 12.09 13.39 11.64 90 6.5
C 22.60 — — — 156 o
D 25.77 17.0 8.93 3.64 156 1

Samples A and B are Blackheart, and C and I) Reaum ur.

Cast Steel.
T he p ro d u c tio n  of good steel c as tin g s is  p erhaps 

th e  m ost difficult b ran ch  of th e  fo u n d ry  tra d e , 
ow ing to  th e  h ig h  te m p e ra tu re  of th e  m eta l and



com position  of th e  steel is as fo llo w s:— C, 0 .2  to  
0 .2 5 ; S i, 0.2 to  0 .3 ; S, 0.05 m ax im u m ; P , 0.05 
m ax im um  ; a n d  M n, 0 .4  to  0 .6  p e r  c en t.

T he fu rn a c e  used a t  th e  D a im le r  fo u n d ry  is th e  
S tock  c o n v erte r o f 12 cw ts. c ap a c ity , in  which th e  
m eltin g  is  c a r r ie d  o u t in  th e  sam e vessel a s  th e  
conversion . W h ils t  th e  ex p erien ce  of u se rs  h av e

so m ew hat v a r ie d , in  th is  fo u n d ry  i t  h a s  g iven  
g r e a t  sa tis fa c tio n , p ro d u c in g  m e ta l of re g u la i 
com position  a n d  am ple  f lu id ity  fo r  p o u rin g  l ig h t  
w ork. W ith  th is  ty p e  of fu rn a c e  th e  vessels a re  
easily  an d  qu ick ly  chan g ed . D u r in g  th e  la s t  y e a r 
o r tw o  th e  use o f th e  spec ia l fire b r ic k  lin in g  h as 
been d isco n tin u ed , an d  a sem i-p la s tic  g a n is te r ,  
which is ram m ed  in , is now used , a n d  w hich , while 
co stin g  less, gives m ore  h e a ts  p e r  l in in g . F ig . 4 
shows a sam p le  o f c o n v e rte r  steel an d  i ts  te s ts ,

A S  C A S T .

A N N E A L E D .  O I L
QUENCHED.

F i g . 5 . — I n f l u e n c e  o f  H e a t  
T r e a t m e n t  o n  t h e  S t r u c t u r e  
o f  S t e e l  C a s t i n g s .
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w hilst th e  e ffect of h ea t t r e a tm e n t  on co n v erte r  
s tee l is show n in  F ig v 5

Moulding Sands.
T h e  q u estio n  of sa n d  fo r steel c as tin g s is, of 

course , im p o r ta n t,  b u t  fo r  au to m o b ile  w ork  th e  
d ifficu lties a re  som ew hat lessened by th e  fa c t t h a t  
p ra c tic a lly  a ll th e  m oulds can  be c a s t  in  g reen  
sand . Such  a  m ou ld  h a s  less re s is tan c e  to  
sh r in k a g e  p ressu re , a n d  consequen tly  th e re  is less 
tro u b le  fro m  cracks.

No specia lly  p re p a re d  sa n d  is b o u g h t, n o r is any  
B elg ian  m a te r ia l  used , a lth o u g h  i t  is th o u g h t  very  
good re su lts  can  be o b ta in ed  from  th e  l a t te r .  A t

F i g . 6 .— T h f , E x h a u s t  S id e  o f  a 
S i x -B o r e  C y l in d e r .

th e  sam e tim e , good re su lts  a re  o b ta in e d  from  th e  
use of E n g lish  sands, an d  som e of those used by 
th e  a u th o r  cam e from  Y orksh ire .

I n  a  d iscussion  t h a t  took  p lace  on  a  P a p e r  given 
by M r. B rad ley , of Sheffield, a t  th e  B irm in g h am  
co n ven tion , th e  a u th o r  took  th e  o p p o r tu n ity  of 
p o in tin g  o u t  t h a t  a m is ta k e  was som etim es m ade 
in  h a v in g  th e  fa c in g  sa n d  fo r s tee l c as tin g s  too 
re fra c to ry ,  a n d  th e  D a im le r concern  h ad  fo u n d  i t  
th e  b est p ra c tic e  to  use a  san d  which w as ju s t  on 
th e  b o rd e r lin e  of fu s in g . T h e  m easu re  o f re fra c 
to rin e ss  depends, of course, on th e  section  of th e  
c a s tin g  b e in g  d e a l t  w ith , b u t  if  th is  is v a ried  so 
t h a t  th e  san d  j u s t  cak es in c o n ta c t w ith  th e  
m olten  m eta l, a  nice c lean  c a s tin g  is p ro duced  so 
fa r  as th e  sk in  is concerned.
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S a tis fa c to ry  m ix tu re s  fo r l ig h t  s tee l c a s tin g s  can  
be a sc e r ta in e d  by an y o n e  who tak e s  th e  necessa ry  
tro u b le , a n d  w ith o u t  u s in g  an y  sp ec ia l b in d ers . 
In  th is  class of w ork , how ever, th e  p ro p e r  m illin g  
o f th e  san d  is e sse n tia l to  g iv e  i t  ju s t  th e  re q u is ite  
tem p e r. T he q u estio n  of th e  u se  of ch ills  in  steel 
c a s tin g s  is v e ry  im p o r ta n t.  T h e ir  use in  l ig h t  
w ork  is o f te n  e sse n tia l. A d d itio n a l r ise rs  a n d  
r u n n e rs  a d d  to  th e  cost of p ro d u c tio n . I t  is n o t  
a  q u estio n  as to  w hich is th e  b e t te r .  T h e  sole end  
in  view is to  p ro d u ce  a  so u n d  c a s tin g . I n  a u to 
m obile cas tin g s  th e re  is no  p re ju d ic e  a g a in s t  th e  
use o f ch ills, b u t  i t  is re a lised  t h a t  g r e a t  c a re  a n d

F xg. 7.-— T h e  I n d u c t io n  S id e  o e  t h e  s a m e  C a s t i n g .

ju d g m e n t is n ecessary . A ssum ing  th is ,  th e i r  use 
is a  m uch  m ore  co n v en ien t m eth o d  o f se c u rin g  
soundness in  a  c a s tin g  th a n  th e  use  o f h eav y  rise rs , 
which v ery  o f te n  d e fe a t th e i r  own en d s. T h e  
c o rre c t d isp o sitio n  a n d  sh ape  of runneT s a n d  r is e r s  
is v i ta l  to  successfu l p ro d u c tio n , a n d  is a  m a t te r  
fo r close sc ien tific  s tu d y . T h is is th e  c ru x  o f th e  
fo u n d ry  prob lem , a n d  sh o u ld  n o t  be t r e a te d  in  a 
casual m an n e r.

F o r  th e  p ro d u c tio n  of a s tee l road -w heel— a 
fa ir ly  co m p lica ted  c a s tin g — v ery  l i t t le  c h illin g  is 
done, a n d  th e re  is on ly  one ru n n e r .



I

T he D a im le r fo u n d ry  has an  e le c tr ic  fu rn a c e  as 
p a r t  o f i ts  e q u ip m en t, b u t th is  is n o t in such 
r e g u la r  u se  fo r s te e l c a s tin g s  as th e  converte rs . 
To be q u ite  can d id , th e  a u th o r  has n o t been so 
successful in  p ro d u c in g  re liab le  and  co n sis ten t
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F i g , 8 .— A  S e c t io n  T h r o u g h  t h e  B a r r e l s .

m eta l fo r  lig h t c as tin g s , a n d  if  a n y  fou n d ry m en  
have  any  sp ec ia l ex p eriences of' th is  k in d  i t  is 
hoped th ey  will pub lish  th e ir  ex perience . W hy is 
i t  t h a t  e lec trica lly -m elted  steel is co m p ara tiv e ly

F i g . 9 .— T h e  C a s t in g  R eady  f o r  F e t t l i n g .

sluggish  as com pared  w ith  c o n v e rte r  steel a t  th e  
sam e te m p e ra tu re ?  F o r  th ose  who a re  in te re s te d  
in  th is  q u estio n  i t  is p o in ted  o u t  t h a t  th is  fu rn a c e  
is basic lined , an d  th a t  th e  ch ief tro u b le  is porosity  
in th e  cas tin g s, a lth o u g h  from  sim ila rly  p re p a re d
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m oulds we can  p ro d u ce  so u n d  c a s tin g s  w ith  con
v e r te r  m eta l.

I t  is n o t to  be u n d e rs to o d  t h a t  th e  a u th o r  is 
con d em n in g  th e  e lec tric  fu rn a c e , as he  m u s t a d m it  
t h a t  p rob lem s conn ec ted  w ith  th e  jo b  m ay n o t  hav e  
rece iv ed  a d e q u a te  a tte n tio n . T h e  c o n s is ten t re su lts  
o b ta in e d  from  th e  c o n v e rte rs  p e rh a p s  m ade  h im  
feel r a th e r  lu k ew arm , especia lly  w hen th e  p r ic e  of 
c u r re n t  w as so h ig h .

Non-Ferrous Metals.

T he w ell-know n “  Y ”  alloy h as been e x p e r i
m en ted  upon  by th e  a u th o r , a n d  th e  h e a t  t r e a t 
m e n t he h a s  developed  m ay  be su m m arised  as 
fo llo w s:— T he m eta l, “  as c a s t ,”  b ro k e  a t  11.2 to n s

F i g . 10.— T h e  T o p  H a l f  s h o w s  t h e  J a c k e t  
C o r e  B o x  a n d  t h e  L o w e r  H a l e  a  S e t  
o f  D r i e r s .

p e r sq. in .,  a n d  had. a  B rin e ll h a rd n e ss  n u m b er o f 
65. A f te r  h e a t in g  a t  530 deg. C. fo r 6 h rs .,  q u en ch 
ing  in  bo iling  w a te r  an d  ag e in g  fo r 5 d ays, i t  gave
12.3 to n s  pea- sq. in . m ax im u m  stre ss , a n d  th e  
h a rd n ess  n u m b er in creased  to  74. T h e  n e x t  t r e a t 
m en t w as to  h e a t  to  530 deg. G. fo r  6 h o u rs , quench  
in bo ilin g  w a te r , te m p e r  a t  200 deg. C. fo r 6 h rs ., 
an d  cool down in  th e  oven. T h is gave  18.8 to n s  
m ax im um  stre ss  a n d  109 h a rd n ess  n u m b er.

T able I I  shows som e re p re se n ta t iv e  c o n tra c tio n s  
fo u n d  by th e  a u th o r .
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T a b l e  I I . — Shows the Contraction of Metals used in  
Automobile Castings, the length of Test Bar being 12.069 
in . or 306.55 mm.

M aterial.
A verage gun m etal 
A dm iralty  gun m etal 
Brazing m etal 
Worm wheel bronze 
Phosphor bronze . .
L 5 Alum inium  
Cast iron
Sem i steel, 20 per cent. 
Converter Steel

Contraction-
.8

in 73.5 
in '53 .8  
in  76.8 
in 74.9 
in  60.3 
in 80.0  

1 . in 69.3 
1 in 42.1

F ig .  11.— S h o w s  a  C o m p l e t e  S e t  o p  C y l i n d e b  
C o r e s .

Production of a Cast Iron Cylinder.
F ig . 6 shows th e  e x h a u s t side of a  21-h.p. 6-bore 

m onobloc c y lin d e r;  F ig . 7, th e  in d u c tio n  s id e ; 
F ig . 8, a  section  th ro u g h  th e  b a r re ls ;  a n d  F ig . 9, 
th e  cy lin d e r as de livered  to  th e  f e tt l in g  shop.

T he successfu l p ro d u c tio n  of a  cy lin d er calls for 
th e  close co -opera tion  of th e  desig n er, p a t t e r n 
m ak e r, fo u n d ry m an  and  m e ta llu rg is t. To em p h a 
sise th e  im p o rtan ce  o f th e  fo u n d ry  p o in t o f view 
on  th e  qu estio n  of design , a few p o in ts  t h a t  h ad  
to  he b ro u g h t fo rw a rd  befo re  th e  d raw in g  fo r  th is  
c a s tin g  was finally  ap p ro v ed  will be m en tioned .

I n  th e  first a r ra n g e m e n t th e  in d u c tio n  of th is



e v lin d e r was enclosed in  th e  w a te r  ja c k e t, b u t t ..e  
d e s ig n er w as p e rsu ad e d  to  leave  o n e  side  o pen  to  
m ak e  i t  possible fo r  th e  m ould  to  be m ad e  h o ri
zo n ta lly . T he fo llow ing p o in ts  w ere se ttle d  a t  t in s  
s t a g e : — (1) T h e  p a t t e r n  to  b e  in  ha lv es, jo in te d
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F ig . 12.— S h o w s  x  S i x - B o r e  C y l i n d e r  
M o u l d  o n  t h e  M a c h i n e .

th ro u g h  c e n tre  of b o re s ; (2) ja c k e t  core  to  be in  
h a lves, also jo in te d  th ro u g h  c e n tre  o f  b o re s :  (3) 
th e  b a rre l  cores to  be m ade  in  tw o  p a r ts ,  e ach  p a r t  
c o n ta in in g  th r e e  b a r r e l s ; (4) in d u c tio n  bo re -co re  
to  be m ade  in  one p iece u p  to  th e  jo in t  o f  th e  
m ould. T he o th e r  p a r t  of th is  core  to  he  dow elled 
on th e  to p  a n d  g u m m e d ; a n d  (5) s i s  s e p a ra te  
e x h au s t cores to  be u sed .



As a  m a t te r  o f p rin c ip le , th e  d esig n er wishes to  
have  as few holes in  th e  ja c k e t  as possible, b u t 
c e r ta in  re q u ire m e n ts  of th e  fo u n d ry  an d  m ach ine  
shop have  to  be m et. T he m achine shop as a  ru le  
w an ts  a  -m all ro u n d  hole on  th e  c e n tre  line  of 
each bore in o rd e r  to  lo ca te  from  th e  b a rre ls . T he 
fo u n d ry  also re q u ire s  c e r ta in  holes, so t h a t  th e

F ig . 13.— Show s  thf. G auging  of th e  
J a ck et  C o r e .

ja c k e t core can  be su p p o rted , an d  also fo r v en tin g  
purposes. T he fo u n d ry  p re fe rs  th ese  holes betw een 
th e  b a rre ls  w here th e re  is th e  la rg e s t body o f sand , 
so t h a t  a com prom ise  be tw een  th e  fo u n d ry  an d  th e  
m ach ine  shop  on th is  m a t te r  has to  be effected . In  
th e  p re se n t  in s tan c e  tw o oblong holes w ere m ade. 

F ig . 9 i llu s tra te s  th e  m ethod  of ru n n in g  th e



c a s tin g . T h ere  is a n  am ple  well fro m  which th e  
m eta l ru n s  down th e  b a rre ls . T he sm all a u x il ia ry  
ru n n e rs  w hich m ay  be n o ticed  in  th e  figu re  a re  o r 
th e  p u rp o se  o f e n su rin g  th a t  th e  o u ts id e  w alls a re  
ru n . T he a u th o r  fa v o u rs  c a s tin g  w ith  v e ry  h o t 
m e ta l a n d  c a s tin g  qu ick ly .

F ig . 10 show s th e  jafcket corebox, one h a lf  show -
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F i g . 14.—Show s the  Gauging o f  the  
B a r r e l  Core.

vng th e  d r ie r s  in  p o sitio n  an d  F ig . 11 a co m p le te  
se t o f cy lin d e r cores.

T he j a c k e t  coreboxes a re  m ad e  in  c a s t  iro n . 
T he use  o f  s ilica  san d  h as one d is a d v a n ta g e ; i t  
w ears aw ay  wood coreboxes in  a  v e ry  sh o r t  tim e . 
S ev eral se ts  o f b a rre ls  to  fo rm  th e  o u ts id e  o f bores
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a re  f i tte d  in  each  box, an d  w hen th e  core is tu rn e d  
o u t  of corebox on to  m ach ined  p la te s  these  b a rre ls  
a re  le f t  in  u n t i l  core is d ried . These d r ie rs  a re  
rea lly  a n  in te g ra l p a r t  of th e  corebox, an d  enab le  
th e  m en to  h a n d le  th e  core an d  g e t  i t  d ry  w ith o u t 
a n y  r isk  o f d am ag e  o r d is to r tio n . T h e  tw o sides 
of th e  corebox a re  loose, a n d  th e  whole oorebox is 
held to g e th e r  by tw o bo lts. B ushes a re  in se rted  in 
th e  corebox to  form  sm all ro u n d  p ro jec tin g  cores.

F ig . 15.— T h e  C o red -up  M ould  read y  
fo r  C lo s in g .

T his en su res  these  ro u n d  p ro jec tio n s  com ing o u t 
accu rate .

W ith  re g a rd  to  F ig . 11, th e  san d  used fo r th e  
ja c k e t  core is a co arse-g raded  silica. C e rta in  
p a r ts  hav e  to  be m ade  in  som ew hat finer sand , 
a n d  in  th e  th ic k  p a r ts  very  m uch coarser m a te ria l  
is used, a lm o st th e  size of sm all pebbles. I t  is 
bonded  by m olasses, a n d  th o ro u g h ly  m ixed in a 
m echan ical m ix er o f th e  b a rre l ty p e , an d  i t  can  
■be used a lm ost im m ed ia te ly , b u t  is b e t te r  fo r 
s ta n d in g  a  sh o r t tim e . T he p re p a re d  sand  should 
be s to re d  in  a w ell-ven tila ted  room , a n d  in w in ter 
m u s t be k e p t  free  from  f ro s t  or tro u b le  will ensue. 
F u r th e r ,  i t  is essen tia l t h a t  molasses of th e  h ig h es t



p u r i ty  be used, a n d  d e fin ite ly  free  from  an y  a lk a li. 
T h e  q u estion  w h e th e r  m olasses is p re fe ra b le  to  oil 
o r  o th e r  p a te n t  b in d e rs  has been  solved by t«st- 
ing  m any  of these , a n d  while m an y  of th em  hav e  
p roved  sa tis fa c to ry  in  use, th e  co st h as been  fo u n d  
to be m uch  h ig h er.

T he cores a re  bak ed  a t  a  te m p e ra tu re  o f 300 deg . 
C. fo r 20 m ins., an d  a re  th e n  passed  to  s to re s  fo r 
in sp ectio n  a n d  g au g in g . The b a rre l  coreboxes a re  
also m ade in  c a s t  iro n . T hese h a v e  ru n n e rs  
recessed in  th em , so t h a t  each  c y lin d e r h as th e  
sam e a m o u n t o f r u n n e r ,  a n d  a lw ays in  th e  sam e
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F i g . 16.— T h e  M o u l d  r e a d y  f o r  C a s t i n g .

position . T h is  core is m ade  in  o rd in a iv  san d , an d  
lias p ro jec tio n s  so t h a t  i t  is well su p p o rte d  w hen 
the  m ould is tu rn e d  up  fo r c a s tin g . T h e  in d u c 
tion  corebox was a t  f irs t m ade in  wood, w hich was 
r a th e r  fo r tu n a te ,  as i t  was su b seq u en tly  a lte re d  
several tim es.

T he e x h a u s t  corebox  is m ade  in  c a s t  iro n , an d  
has a  co lla r la rg e r  th a n  th e  a c tu a l hole re q u ire d , 
which p ro v ides a  good firm  b e a rin g . F ig s . 12 to  
16 show th e  process of m ak in g  th e  m oulds. F ig . 12 
shows th e  cy lin d er m ould on th e  m ach in e, F ig . 13 
the  g au g in g  o f th e  ja c k e t  core, F ig . 14 th e  g a u g in g  
of th e  ibarre l core, F ig . 15 th e  m ould  assem bled 
read y  fo r  closing, a n d  F ig . 16 th e  m ould  re a d y  fo r 
cas tin g .
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-P rac tica lly  all th e  D a im ler cas tin g s a re  m achine 
m oulded, by m eans of a p n e u m a tic  ja rr in g -m a c h in e  
which was o rig in a lly  designed  an d  m ade in  th e  
works. P n e u m a tic  m ach ines re q u ire , of course, 
th e  in s ta lla tio n  of a  com pressor p la n t ,  and  a ir  
a t  a  p re ssu re  of 80 lbs. p e r sq. in . is used. The 
a u th o r  ad v o ca tes h a v in g ,th e  a i r  p ipes overhead . 
O rig in a lly  th ey  wore p laced  in th e  floor, w here 
leak ag es a re  n o t easily  discovered, an d  i t  is m ore 
d ifficult to  g e t r id  of any  condensed m o is tu re ; in 
fa c t, even w ith  an  overhead  system  condensed 
w a te r  is r a th e r  a b u g b ear.

T he c y lin d e r is m oulded on its  side, a n d  boxes 
a re  designed  an d  m ade in th e  fo u n d ry . The

F lo . 17.— A H e a r  W h e e l  an d  B ack 
A x l e  C a s in g .

q u estio n  of box p la n t  is n o t a p a r t  of th e  eq u ip 
m en t t h a t  can  be scam ped. T he boxes should be 
acc u ra te ly  an d  well m ade, m achined  on th e  flanges, 
an d  th e  p in  holes k e p t a cc u ra te . I n  th is  case th e  
boxes a re  designed  fo r a  d ried  m ould, an d  th e re 
fore  th e  m in im u m  a m o u n t of san d  space is allowed. 
I n  A m erica  t h e  c a s tin g  of cy lin d ers  in g reen  sand



has m ade consid erab le  p ro g ress, a n d  B r itish  fo u n - 
d ry m en  w ill -have to  g iv e  m ore serious a t te n tio n  to  
th is  m a t te r .  T he in tr ic ac ie s  of B r i tish  design  m ay
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F t g . 1 8 .— A  W h e e l  P a t t e r n  M o u n t e d  
o n  a M o u l d in g  M a c h in e .

acco u n t to  some e x te n t  fo r th e  lack  o f p ro g ress  in 
th is  d irec tio n , b u t  th e re  is no d o u b t t h a t  m an y  of 
ou r difficulties could be overcom e by im p ro v in g  th e

F ig. 19.

q u a lity  of o u r  san d  m ix tu re s . R e ce n t e x p e rim e n ts  
have  show n t h a t  th e  s t r e n g th  o f g re en  sa n d  c a n  be 
enorm ously  im proved  by sp ec ia lised  m ethods of 
p re p a ra tio n .
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All th e  cy lin d e r m oulds a re  blacked by m eans of 
a p n e u m a tic  sp ra y e r  which does the’ job  very  
q u ick ly  an d  effectively .

Production of a Cast Steel Road Wheel.
F ig . 17 shows a  r e a r  wheel w ith  back  ax le  casing, 

F ig  18 th e  p a t t e r n  on  th e  m ach ine, a n d  F ig . 19 a 
sec tion  of a  ro ad  wheel m ould.

DISCUSSION.
T he d iscussion w as opened  by M r. B rad ley , who 

confirm ed th e  a u th o r ’s view s o n  th e  re la tiv e  values 
o f th e  e lec tric  a n d  c o n v e rte r  stee l m ak in g  p lan ts . 
H e  h ad  ex p erien ced  no difficulty  from  th e  e lec tric  
fu rn a c e  in  g en era l, b u t in  th is  connec tion  one h ad  
to  consider th e  c a p a c ity  of th e  fu rn a c e  in  re la tio n 
sh ip  to  th e  n u m b er o f  m oulds to  be cas t. H e  
fo u n d  t h a t  ru n n in g  from  a 40-cwt. c o n v e rte r  w as 
e q u iv a le n t to  c a s tin g  from  a 30-cwt. e lec tric  
fu rn ac e .

Electric Steel Castings Criticised.

M r . H t d e  sa id  h e  th o u g h t th e  le c tu re r ’s 
re m a rk s  w ere  v e ry  in te re s t in g  in  re g a rd  to  con
v e r te r  a n d  e le c tr ic  steel. T hey  h a d  used  an  
e le c tr ic  fu rn a c e  fo r th re e  o r  fo u r  y e a rs  a n d  p u t  in  
co n siderab le  t im e  a n d  e x p e rim e n t in  o rd e r to  g e t 
reaso n ab ly  good re su lts  from  i t ,  a n d  succeeded. 
O w ing to  p rice s  th e y  h a d  in tro d u c ed  a  c o n v erte r, 
a n d  h a d  n o  f u r th e r  use  fo r  th e  e lec tric  fu rn ac e  
to -d ay . I n  re g a rd  to  m e ltin g  in  th e  e lec tric  fu r 
nace , th e y  m elted  th e  steel a n d  ta p p e d  i t  dead. 
In  th e  c o n v e rte r  th e y  ta p p e d  an  ox id ised  b a th , and  
w hile th e  siiicon w as a c tin g  th e re  w as m ore 
f lu id ity . H e  w as n o t su rp rise d  a t  h e m a tite  be ing  
fav o u red  fo r  c y lin d e r b a rre ls , fo r  i t  h a d  been 
fo u n d  i t  g a v e  j u s t  a s good w e a rin g  p ro p e rtie s  as 
th e  h a rd e r  iro n . I t  sho u ld  be rem em bered  th e re  
w as 4 p e r  cen t, o f g ra p h ite  p re sen t, which was a 
good lu b r ic a n t.

M r . D a r l e t , re fe r r in g  to  th e  re la tiv e  m erits  of 
th e  c o n v e rte r  a n d  th e  e lec tric  fu rn a c e  p la n ts , sa id  
h is firm  h a d  in s ta lled  bo th , b u t th e y  h ad  sc rap p ed  
th e  S tock  co n v erte r . D u r in g  th e  t im e  th e  S tock f u r 
n ace  w as ru n n in g , th ey  could m ake  cas tin g s as th in  
as from  ¿ -in . section . T hey  now  used  th e  e lectric , 
b u t th ey  occasionally  m et w ith  serious tro u b le  w ith



594

gas holes on th e  b o tto m  side  o f th e  m ould , d u e  to  
th e  slugg ishness of th e  m eta l. H e  h a d  fo u n d  t h a t  
in  th e  e lec tric  fu rn ac e , w hen  the  im p u r i t ie s  'w ere 
la rg e ly  re d u ce d , t h a t  th e re  w as no  “  life  ”  in  i t ,  
an d  th a t  th e  m eta l w ould n o t r u n  v e ry  fa r . 
F u r th e r ,  in  h is  o p in ion , jone o f th e  ch ief causes 
w as on acco u n t o f  th e  low ph o sp h o ru s . T hey  h ad  
increased  th e  phosp h o ru s by a d d in g  p h o sp h o ru s , 
an d  th ey  h a d  o b ta in e d  a  v e ry  m uch  b e t te r  c a s tin g . 
H e  g av e  th e  exam ple  of m a r in e  p is to n s. T o w ards 
tb o  o u te r  edge  th e  c a s tin g  in v a r ia b ly  show ed gas 
holes w hich  becam e m ore  oval in  fo rm  to w a rd s  th e  
e x tre m e  edge. T h e ir  re sea rc h  d e p a r tm e n t h a d  
ta k e n  u p  th e  m a t te r ,  a n d  i t  h a d  com e to  th e  con
clusion  t h a t  on account, of th e  steel n o t  b e in g  
su ffic ien tly  flu id , g a s becam e tr a p p e d , a n d  th e r e  
w as n o t  su ffic ien t flu id  to  d r iv e  i t  o u t. S p e a k in g  
w ith  re fe re n ce  to  th e  ro a d  w heel, w hich  th e  
le c tu re r  h ad  show n, h e  asked  w h e th e r  one b a d  ever 
been c u t  u p  from  th e  boss? H e th o u g h t i t  w ould 
b e  fo u n d  t h a t  w hen  th e y  c h illed  a  c a s tin g  on th e  
o u ts id e  i t  in v a r ia b ly  p u lled  th e  jo in ts  o f th e  ch ill. 
I n  conclusion , he  would lik e  to  know  w h ere  th e  
lec tu re r could  o b ta in  th e  sa n d  so n e a r  to  Sheffield.

Pouring Conditions.
M e . R h y d d e r c h  sa id  t h a t  th e  le c tu re r  h a d  n o t 

d e a l t  w ith  th e  m eth o d  of p o u r in g  s tee l c a s tin g s . 
O pin ions w ere  sh a rp ly  d iv id ed  on th e  re la tiv e  
m erits  of b o tto m  p o u rin g  a n d  sh a n k in g . I t  w ould 
be in te re s t in g  to  le a rn  th e  sp e a k e r’s  e x p e r ien c e  on 
th is  p o in t. P e rso n a lly , he  fa v o u re d  sh a n k in g  fo r 
th e  p ro d u c tio n  of l ig h t  s tee l c a s tin g s  fo r so u n d 
ness a n d  so lid ity , a n d  lip  p o u r in g  fo r  th e  very  
la rg e  cas tin g s , leav in g  b o tto m  p o u rin g  to  th e  
m edium -sized  cas tin g s .

A n o th er p o in t w as th e  sh r in k a g e  of s tee l. H a d  
th e  le c tu re r  no ticed  an y  d ifference  in  th e  b e h av io u r 
of th e  sh r in k a g e  of e lec tric  a n d  c o n v e rte r  s teel, 
especially  w ith  a w idely v a ry in g  p h o sp h o ru s  
c o n te n t?  A f r ie n d  of h is  h a d  e m p h a tic a lly  s ta te d  
t h a t  sh rin k h o les  w ere  v ery  m uch  m ore p ro n o u n ced  
w ith  a  phosp h o ru s c o n te n t of o ver 0.03 p e r  c e n t .,  
th a n  if  below th is  l im it. Of course, th is  re fe rs  to  
m ild  carbon  steel c as tin g s . P e rso n a lly  h e  h a d  no 
ex p erien ce  in  th is  m a t te r  on w hich ' to  h a v e  an  
op in ion .

It is a well known fact that slightly oxidised
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steel does n o t sh r in k  n e a rly  as m uch as dead 
m elted  steel, an d  over-ox id ised  steel “ r ise s .”

Fluidity of Steel.
T he p o in t has been ra ised  by th e  le c tu re r  and  

o th e r  sp eak ers  of th e  f lu id ity  of e lectric  steel. 
Ju d g in g  fro m  one ex am p le  of carb o n , less th a n
0.1 p e r  c en t., and  a very  low m an g an ese  an d  
'silicon, i t  would be difficult to  g e t h igh  flu id ity . 
G en era lly  sp eak in g , increased  f lu id ity  w ith  
m edium  C steels can  be o b ta in e d  by u s in g  m uch 
h ig h er m anganese— say  1.2-1.4 p er c en t., an d  
h ig h er silicons— say up  to  0.8 p e r  cen t. F u r th e r ,  
a  th eo ry  h a s  been p u t  fo rw ard  t h a t  ta p p in g  on a 
s lig h tly  ox id ised  slag  also g ives g re a te r  “ life ”  or 
f lu id ity  to  e lec tr ic  steei. T h ere  is n o th in g  
a g a in s t  th is  th eo ry  because th e re  is a s im ila r  
in s ta n c e  in  th e  b eh av io u r of e lec tro ly tes  on 
colloids.

Skin on Castings.
T he q u estio n  of a sk in  on cas tin g s h a d  also been 

ra ised . T h is g en era lly  h a p p en s  w ith  n a tu ra lly  
bonded san d s, in  w hich th e  bonds a re  g en era lly  of 
a very  low fusion  p o in t, a n d  easily  form  slags as 
a re su lt, b u t i t  is n o t considered  to  be usefu l for 
th e  la rg e r  cas tin g s. I n  fa c t,  la rg e  cas tin g s th a t  
s tr ip  well o f te n  show un so u n d n ess on m ach in in g , 
p robab ly  due to  th e  excessive fo rm a tio n  of th is  
viscous layer. I f  th is  fa c to r  is in v es tig a te d  in 
d e ta il, an d  re a c tin g  e lem en ts p u t  u n d e r care fu l 
co n tro l, i t  m ig h t be possible w ith  th e  h eav ier 
cas tin g s.

D ealin g  w ith  th e  accu racy  in th e  size of c a s t
ings, cored faces, e tc .,  i t  would be  in te re s tin g  to  
know  to  w h a t lim its  th e  le c tu re r  could w ork on 
ro u tin e  steel cas tin g s fo r m oto r c a r  w ork.

M e. E d g i n t o n  s a i d  before  he  c o n tr ib u te d  an y 
th in g  to  th e  d iscussion , h e  would like  to  a sk  how 
to  g e t p u re  h e m a tite  iron . S p e a k in g  o f th e  
t ro u b le  w ith  m ach ine  shop cas tin g s, he  was inclined  
to  a g ree  t h a t  if  th e y  rvere m ore  p a r t ic u la r  th e re , 
th e  fo u n d ry  would be  saved m uch tro u b le , and  
th e re  w ould  be a sav in g  in  m an y  w ays. The 
m ach in e  shop d id  n o t g ive  enough  th o u g h t to  th e  
“  se t u p .”  H e  w ould lik e  to  m en tio n  th a t  h e  had 
p u t  an  e lec tric  fu rn a c e  down an d  h e  h ad  h ad  to  
w in h is know ledge by experience . W hen  first 
th e y  s ta r te d  m ak in g  steel c a s tin g s  th e  m anganese
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c o n te n t w as a b o u t 0.4 p e r c e n t.,  w ith  th e  resu l 
t h a t  th e y  g o t p in  holes on th e  b o tto m  o f cas tin g s . 
B u t  w hen  th e y  ra is e d  th e  m an g an ese  c o n te n t  to  
ab o u t 0.9 p e r  c en t., th ey  e lim in a ted  a g re a t  deal 
of t h a t  tro u b le .

M r. R o b i n s o n  r e fe r re d  to  th e  a m o u n t of phos
p h o ru s  in  cy lin d e r irons, a n d  th e  re g u la tio n s  fixed 
bv th e  M in is try  d u r in g  th e  w a r t h a t  0.8 p e r  cen t, 
of p h osphorus w as th e  m ore sa tis fa c to ry  am o u n t 
for such a  ca s tin g . I t  w ould seem , he  sa id , t h a t  
below 0 .3  p e r  cen t, of p h o sp h o ru s  a n d  above
0.8 p e r  cen t, one stood a  b e t te r  ch an ce  o f g e t t in g  a 
sound  c a s tin g  th a n  be tw een  th o se  lim its . A t a 
lec tu re  g iv en  by M r. Cook, a t  B irm in g h a m , th e  
sam e o p in io n  w as expressed , a n d  i t  w as . s ta te d  
th a t  cy lin d e rs  c rack ed  on th e  p is to n  valves w ith  a 
low p e rce n ta g e  of p h o sphorus. B y in c re a s in g  th e  
ph o sphorus th is  w as e lim in a ted . T h a t  w as som e
w h a t opposed to  w h a t  th e y  g e n e ra lly  u n d e rs to o d . 
A t th e  sam e tim e , i t  w as believed on e  could  g e t a 
so u n d er c a s tin g  by d o in g  i t.  S p e a k in g  of th e  
te n s ile  an d  tra n s v e rse  te s ts , h e  be lieved  a good 
te s t  w as th e  shock te s t .  D u r in g  th e  t im e  th e y  
w ere  m ak in g  e x p e rim e n ts  on  m a te r ia l  fo r  a  c e r 
ta in  ty p e  of steel shell, th e y  in s t i tu te d  a  shock 
te s t  w hich  p roved  v e ry  h e lp fu l. As to  u s in g  so fte r  
m a te r ia l  fo r  cy lin d ers , th e y  fo u n d  t h a t  so fte r  
m a te r ia l  g av e  a lo n g er life . H e  d id  n o t  th in k  i t  
was d u e  to  th e  lu b r ic a n t  of th e  g ra p h ite  a n d  w hen 
u s in g  h ig h -ca rb o n  iro n  a c e r ta in  a m o u n t of th e  
fre e  g ra p h ite  w orked  u p  on to  th e  face  a n d  cau sed  
i t  to  h a rd e n  on th e  c a rb o n  face. I n  m ac h in in g  
th e  ca s tin g , a ll th e i r  p is to n s, e ith e r  la rg e  o r sm all, 
d ire c tly  th e y  w e n t from  th e  fo u n d ry  to  th e  
m ach ine  shpp th e y  w ere  ro u g h ly  m ach in ed  an d  
th e n  a n n ea led . I n  re g a rd  to  a lu m in iu m , h e  
a lw ays h a d  b e tte r  re su lts  from  ch ills  th a n  from  
feeders.

M r. G r e e n  sa id  th e  h ig h e r  th e  to ta l  c a rb o n  th e  
g re a te r  th e  flu id ity . T h a t,  a p a r t  from  th e  p ro 
p e r ty  of w ith s ta n d in g  w ear p ro d u ced  by th e  
lu b r ic a tin g  ac tio n  of th e  g ra p h ite ,  th e r e  seem ed 
to  be a  s t ru c tu re  on th e  m icro-section  show n, in 
w hich th e  p e a r l i te  p re d o m in a te d , a n d  th is  ’ no 
d o u b t, h e lp ed  in t h a t  d irec tio n .

To o b ta in  th is  s t ru c tu re ,  i t  is necessa ry  to  
o b ta in  a p ro p e r c o m b in a tio n  o f e lem en ts  a n d  also 
th e  co rrec t r a t e  of cooling.
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Value of Pearlitic Structure.
M r. J .  S h a w  (C h a irm an ) sa id  d u r in g  h is te rm  of 

office he  d id  n o t g en era lly  ta k e  p a r t  in  th e  d is
cussions, But he  could n o t  le t  pass th e  s ta te m e n t 
m ad e  by M r. H a rley  w ith  re fe re n ce  to  h ig h  to ta l  
carbon . W h ils t fo r th e  th in  w ork on  w hich  M r. 
H a r le y  w as en g ag ed  i t  m ig h t even  be beneficia l; 
he h a d  no h e s ita tio n  in  s ta tin g  t h a t  in  h eav ie r 
sec tio n s i t  w as h a rm fu l. H e  also ag reed  w ith  M r. 
G reen  t h a t  a  t r u e  p e a r lit ic  s t ru c tu re  w as th e  one 
to  be  a im ed  fo r, bo th  from  th e  s t re n g th  an d  
m ac h in in g  p o in t o f view . T h e  g re a t  d ifficu lty  was, 
u n d e r cupola  p ra c tic e , to  h i t  th e  r ig h t  com position. 
T he sp eak er h ad  once c a s t a ty re -ro ll th a t  gave  
such re m a rk a b le  l ife  a n d  lack  of w ear t h a t  a 
th o ro u g h  in v es tig a tio n  w as m ade. T his ro ll gave 
2,227 ty re s  w ith o u t re d re ss in g ; th e  o rd in a ry  life  
be in g  a b o u t 300. N o th in g  w as found  in  th e  m ix 
tu r e  b u t w h a t h ad  o ften  been used  before, b u t in  
th is  case th e  p e a r lit ic  s tru c tu re  h ad  been developed 
by some m eans d ifficu lt to  trac e .

The Author’s Reply.
T h e  L e c t u r e r , in  rep ly , sa id  he h ad  realised  

th a t  a  v e ry  m uch  d iffe ren t se t of co n d itio n s 
ex is ted  in  Sheffield as co m pared  w ith  h is own. 
T he h e av ies t steel ca s tin g  h e  m ad e  w eighed th re e  
cw ts., a n d  w hen exam ples w ere g iven  ab o u t 
big m oulds— he believed 20 f t .  h a d  been m en tio n ed  
— he w as a f ra id  he  d id  n o t  know  v ery  m uch  ab o u t 
i t .  W ith  re g a rd  to  th e  q u a lity  of S tock co n v erte r  
s tee l an d  e lec tric  steel, h e  w ould like  to  m ak e  i t  
c lear t h a t  a t  th e  back  of h is  m in d  h e  fe lt  t h a t  if  
he  p a id  en o u g h  a t te n tio n  to  e le c tr ic  steel he  
could  g e t  steel as good, if  n o t  b e tte r ,  th a n  S tock 
c o n v e rte r  steel. F rom  th e  sam e m oulds, p re p a re d  
in  th e  sam e w ay, he could m ak e  sound cas tin g s 
w ith  c o n v e rte r  s teel, an d  h e  o b ta in ed  m ore o ften  
p o ro sity  in  e lec tric  s teel. I f  he could overcom e 
th e  tro u b le  of f lu id ity , h e  could  look a f te r  th e  
o th e r  d ifficulties q u ite  easily . B u t  one o f th e  
p r in c ip a l reaso n s fo r n o t u s in g  th e  e lec tric  fu rn ace  
w as th e  fa c t t h a t  th e  cost of c u r re n t  w as so h igh  
a n d  w as a  h a n d ic a p  in  co m p etition . I f  i t  
w as red u ced  he  would use  th e  e lec tr ic  fu r 
nace. F ro m  w h a t he  h ad  lea rn ed , h e  believed 
t h a t  th e  steel absorbed som e of th e  a lu m in iu m  and
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th e re  w as re a c tio n  w ith  som e of th e  gases co in ing  
from  th e  m ould . T h ere  w as so m e th in g  m y ste rio u s  
in  th e  ac tio n  of e le c tr ic  steel. R oad  w heel c a s t 
ings w ere  n ev er a n n ea led . H e  be lieved  in  a n n e a l
ing  as a  g en era l p rin c ip le , b u t  in  ro a d  w heels th ey  
had n o t found  i t  necessary , a s  th e y  h a d  n e v e r  h a d  
one re tu rn e d . T he s tee l, as c as t, w as p e rh a p s  
m ore r ig id  th a n  an n ea le d  s teel, a n d  th e  a c tio n  of 
th e  ro ad  wheel w as such  t h a t  i t  su p p o rte d  i t  b e t te r .  
W ith  re g a rd  to  th e  accu racy  of th e  c a s tin g , he  
th o u g h t  a good sec tion  w as n o t  in d ic a tiv e  of a 
good cas tin g , b u t  a t  th e  sam e tim e  t h a t  should  
n o t  p re v e n t th em  from  g e tt in g  a  good sec tio n  as 
well as a  sound  c as tin g . A ccuracy  of th e  c a s tin g  
depended  on  w h a t th e  c a s tin g  w as, b u t  h e  th o u g h t  
th e y  could  m ak e  cy lin d e rs  s t a r t in g  fro m  a n y  p o in t,  
because  th e y  knew  w here  th e y  w ere  s ta r t in g  from . 
On w ork of u rg en cy  th e y  cou ld  w o rk  to  t  m m .

H e  w as n o t  c la im in g  a n y  a d v a n ta g e  fo r  h ig h  
to ta l-ca rb o n  iron . I n  m ak in g  a  c a s tin g  th e y  h ad  
to  consider m ore closely th e  se rv ice  t h a t  c a s tin g  
h ad  to  s ta n d , th e  m ach in e  shop a n d  th e  co st of 
m ach in in g , b u t  wdiat he  d id  c la im  w as t h a t  in  
a u to -cv lin d e rs  h e  d id  n o t need  to  red u ce  th e  to ta l  
c arbon . H e  knew  i t  w as only 10 to n s  ten s ile , b u t  
i t  w as suffic iently  s tro n g . H e  h a d  m ad e  m ore  
c as tin g s  to  w ith s ta n d  p is to n  w-ear th a n  an y o n e  in  
E n g la n d . H e  h a d  lis te n e d  to  th e  su g g estio n s on 
p e a r l it ic  s t ru c tu re ,  a n d  he  believed  th e y  w ould 
h a v e  to  h av e  m eta ls  of spec ia l co m position  w here  
th e  ra n g e  of f lu id ity  w as lessened. H e  ad v o ca ted  
m ore p u r i ty  in  c a s t iro n . I f  he  h ad  to  use  phos
pho ru s, h e  would p re fe r  i t  to  be s lig h tly  above 
one p e r cen t. W hy  i t  w'as he  d id  n o t re a lly  know , 
b u t  h e  h a d  n o ticed  t h a t  i t  w as p a r tic u la r ly  p e r
s is te n t in q u a n ti t ie s  betw een 0.8 an d  0.3 p e r  c e n t .,  
a n d  th e  rev erse  u p  to  o n e  p e r  c e n t. I n  re g a rd  
fro te s ts , he  d id  n o t consider th e  te n s ile  an d  t r a n s 
verse  te s ts  w ere sufficient. T hey  re q u ire d  a n o th e r  
te s t  w hich would re g is te r  th e  d iffe ren ce  betw een 
v a rio u s g ra d es  of c a s t irons.
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Coventry Branch.
PHYSICAL TESTS FOR CAST IRON.

By John Shaw (Sheffield), Member.

Original Tests on Cast Iron.

B efore an  e n g in eer can  s ta r t  work on th e  design 
of any  p iece  of w ork he m u st h av e  some id ea  of 
th e  s tr e n g th  and  p ro p e rtie s  of th e  m a te ria ls  he 
p roposes to  uSe. F o r  c a s t  iro n , v a rio u s  form ulae 
a re  g iv en  in  tex t-b o o k s o n  th e  sub jec t. These 
form ulse hav e  been developed' chiefly from  d a ta  
based on th e  loads o b ta in e d  in  th e  b re ak in g  of 
te s t-b a rs  and  c a s tin g s . So fa r  as th is  c o u n try  is 
co n cerned , th e re  is l i t t le  d o u b t t h a t  th e  re su lts  
of th e  e x p e rim e n ts  c a r r ie d  o u t by S ir  W m . F a ir -  
b a irn  an d  H o d g k in so n  from  1827 to  1837 form  th e  
basis o f p re sen t-d a y  form ulae fo r th e  s tre n g th  of 
c a s t  iro n . I t  was a b o u t th is  tim e  c as t iron  
cam e in to  m ore g en era l use in  s t ru c tu ra l  and  
e n g in e e r in g  w ork. How l it t le  was know n of its  
s t re n g th  an d  p ro p e r tie s  w as evidenced by th e  
co llapse o f n u m ero u s  m ills an d  bridges. F a ir-  
h a irn ,  a m o n g s t o th e r  d a ta ,  sugg ested  t h a t  l-6 th  
o f th e  b re a k in g  load should  be considered  as th e  
safe  load  fo r th is  m a te ria l. As n in e  to n s  was th e  
ten s ile  asked  fo r, a  figu re  of 1J to n s p e r  sq. in . was 
concluded  to  be th e  safe  ten s ile  s tre n g th  of cast 
iro n , a  figure  in  fa ir ly  g e n e ra l u se  to -day . The 
d esig n er h a v in g  based h is  w ork on th e  above ru le, 
n a tu ra lly  w ishes to  be assu red  t h a t  th e  m a te ria l 
su p p lied  com plies w ith  his e s tim a te d  c a lc u la tio n ; 
hence he im poses c e r ta in  te s ts  t h a t  he th in k s  will 
g iv e  th e  re q u ire d  in fo rm a tio n . How o fte n  th ese  
d e fe a t  th e  ve ry  o b jec t-h e  s tr iv e s  for- w ill be d e a lt 
w ith  la te r .

T h a t  some te s t  is necessary  m ay be g ra n te d  a t  
once. F o u n d ry m e n  a ll know  o f b a rs  b re ak in g  a t  
7 to n s , a n d  w here u n su itab le  m eta l is o f te n  used. 
R e ce n tly  th e  a u th o r  c a s t tw o 3-in. sq. b a rs , which 
w ere  te s te d  tran sv e rse ly  a t  3 -ft. cen tres . One was 
ca s t from  a  No. 3 h e m a tite , and  th e  o th e r  from  a 
close n u m b er of tfye sam e b ra n d  o f iro n . W ith
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each  b a r th e re  was also cas t th re e  o th e rs , whose 
d iam e te rs  conform  to  th e  sizes g iv en  in  th e
I .B .F .  d r a f t  specification . T h e  re su lts  o b ta in e d  
by b re a k in g  th ese  sm alle r b a rs  w ill be  d e a l t  w ith 
la te r ,  T h e  3-in . sq. b a r  fro m  th e  N o. 3 h e m a t i te  
b ro k e  a t  8.4 to n s. T h e  second, fro m  th e  h a rd e r  
iro n , b roke  a t  9.5 to n s. Y e t th e  f irs t iro n  w as th e  
d e a re r  an d  u n d e r  c e r ta in  co n d itio n s  th e  s tro n g e r , 
b u t  fo r  th is  th ic k n e ss  o f c a s tin g  w ould h av e  been  
re je c te d  a s  poor iro n  by  m an y  in sp ec to rs .

A t  th is  ju n c tu re  a t te n tio n  shou ld  be  called  to  
a  s ta te m e n t  o f te n  m ade by  som e fo u n d ry  m en. 
W hy w orry  w ith  te s ts ?  I f  th e re  is a n y  d o u b t 
a b o u t th e  s t r e n g th  o f a c a s tin g , th ic k e n  i t  t i p ; 
i t  is only so m uch  h a re  iro n  t h a t  is b e in g  g iven  
aw ay. T hese peop le  fo rg e t t h a t  h eav y  sec tio n s, 
largp  fille ts a n d  s tre n g th e n in g  r ib s  n o t  only  in 
crease  th e  c o st o f  p ro d u c tio n  a n d  re d u ce  th e  ch ance  
of m ak in g  so u n d  c a s tin g s , b u t  a lso  w eaken  th e  
s t ru c tu re  a s  a whole. In c re a se d  w e ig h t m ean s 
in creased  cost of fo u n d a tio n s  a n d  o th e r  c o n sid e ra 
tio n s . In c re a se d  w e ig h t in  m o to r c a s tin g s , fo r 
in s tan ce , is a  v i ta l  p o in t. T he p rob lem  o f d esign  
in  such  s t ru c tu re s  as th e  F o r th  B rid g e  resolves 
itse lf in to  one o f c a r ry in g  i ts  ow n d ead  w eigh t 
equally  a s  m uch  as a llow ance  fo r w ind  p re ssu re  
an d  th e  m oving  lo ad — a p o in t  b ro u g h t fo rc ib ly  
hom e by th e  co llapse  of th e  Quebec B rid g e  on tw o  
occasions b e fo re  co m p le tio n . Tw o p o in ts  h a v e  now 
been  e s tab lish ed  in  th e  c o n s id e ra tio n  of th e  su b 
j e c t : — (1) T h a t  b e fo re  a  m ach in e  can  be  desig n ed  
th e re  m u st be som e s t r e n g th  d a ta  o f  th e  m a te r ia l  
to  be used . S u ch  d a ta  o r  form ulse h a v e  been 
b u i l t  u p  from  e x p e r im e n ta l w ork. (2) T h a t  th e  
e n g in eer re q u ire s  som e te s t  a p p lie d  to  th e  m a te r ia l  
he  uses so as to  en su re  i t  co n fo rm s to  th e  s ta n 
d a rd  m en tio n ed  in  h is form ulfe. C om ing  now to  
th e  a c tu a l te s ts , everybody  is ag reed  th e  b est 
m ethod  would be to  t e s t  th e  c a s tin g  i ts e lf . T h a t  
is n o t o f te n  possible, a n d  w here  i t  is, o f te n  p e r 
m a n e n t se t  a n d  d e fo rm a tio n  is  se t u p , d u e  to  t e s t 
ing  to  tw ice  o r  ev en  th re e  tim es  th e  w o rk in g  load . 
T hus som etim es th e  c a s tin g  is le f t  in  a  w eax er 
s ta te  th a n  befo re  te s tin g . T h e  te s t in g  to  d e s tru c 
t io n  of one c a s tin g  o u t of a b a tc h  c a s t  from  th e  
sam e lad le  o r m e ta l only  gives in fo rm a tio n  a b o u t  
t h a t  one eas tin g , a n d  does n o t acco u n t f .jr  th e
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h id d en  d efec ts in  a n y  o f th e  re m a in d e r  du e  to  
causes o th e r  th a n  m eta l. In  sh o rt, i t  only  proves 
t h a t  th e  p a r t ic u la r  c a s tin g  was o r  was n o t sound , 
an d  t h a t  th e  m e ta l was o r was n o t s u i ta b le ; th e  
l a t t e r  fa c t  cou ld  j u s t  a s  well be fo u n d  by a su itab ly  
designed  te s t-b a r .

W h ile  F a i rb a i rn  an d  H od g k in so n  te s te d  c e r ta in  
c a s tin g s  to  d e s tru c tio n , i t  was m ore to  a r r iv e  a t  
th e  c o rre c t d esig n  th a n  th e  m ere s tre n g th  of th e  
m a te ria l  u sed . F o r  th is  l a t t e r  pu rp o se , te s t-b a rs  
1 in . sq. te s te d  a t  4 f t .  6 in . c en tre s  w ere used. 
W hile  ev ery  c re d it  m u st be g iven  to  th e  en g in eers 
of t h a t  an d  m ore re c e n t  tim es, th e re  is no  d o u b t 
th e i r  know ledge of coo ling  an d  m ass ac tio n  effect 
w as ve ry  m eag re , a n d  i t  w ould a p p e a r  from  th e  
te s ts  fo r  c a s t iro n  p u t  fo rw a rd  t h a t  i t  is very  
l i t t le  u n d e rs to o d  by th e ir  successors to -d ay . One 
h as on ly  to  g lance  th ro u g h  th e  tab le  of 51 B ritish  
p ig -iro n s , t h a t  to o k  F a irb a irn  m an y  y ears  to  com 
pile, to  realise  th is .  H e  s ta te s : .—“ I n  th e  follow
in g  a b s tra c t  th e  tra n s v e rse  s t re n g th ,  which m ay 
be ta k e n  a s  a  c r ite r io n  o f th e  va lue  of each iron , 
e tc .” Y e t th is  v a lu e  was o b ta in e d  from  iro n s
w here som e w ere “  h a r d ,”  “  so f t ,”  “  so ft and  
f lu id ,”  “  r a th e r  h a r d ,”  e tc . No t r u e  com parison  
can  be d raw n  from  irons w ith  such a v a riab le  
-s tru c tu re . T h ree  exam ples will ex p la in  th is  in 
T able  I :  —
T a b l e  I . — An Abstract from  the W ork o f  Fairburn and H odkw son

Brand
Breaking load  

1 in. bar, 54 in. 
centres.

Deflection  
in inches.

Colour. Q uality.

Ponkey 567 1.75 W hitish Hard
grey

B utterlev  . . 489 1.01 Dark grey Soft
E glington .. 472 1.87 D ull grey Rather

Hard

The e n g in e er h a s th is  conso la tion , th a t ,  ju d g in g  
from  m any  o f th e  w eird  p roposa ls fo r m ix in g  iron  
co n ta in ed  in  th e  fo u n d ry  l i te r a tu r e  of F a i r b a i r n ’s 
tim e , th e  fo u n d ry m an  knew  even less of m e ta llu rg y  
as we u n d e rs ta n d  i t  to -day . H ow  was i t  th en  
t h a t  th e  fo u n d ry m an  com plied w ith  th e  te s ts  
specified. The ch ief reaso n  was th e  fa c t t h a t  th e  
b la s t  fu rn a c e s  w ere on  cold b la s t, sm all, worked 
from  p icked  local o res, w ith  slow w orking. By
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these  m ean - a m ore  re g u la r  an d  s tro n g e r  p ro d u e t  
was m ade. I t  is com m on know ledge t h a t  to -d ay  
th e  cold b la s t  iro n s  of S o u th  S ta ffo rd sh ire  com 
m ands j u s t  double th e  p r ic e  d f o rd in a ry  iro n s. 
F o r th e  above reaso n s th e  m o d e ra te  te s ts  asked  
fo r were- o b ta in e d  w ith  a  w id e -d iffe ren ce  in  com 
positio n . W ith  th e  a d v e n t  o f h o t  b la s t  iro n , w ith  
i ts  f a s te r  d r iv in g  a n d  m uch  m ore  v a r ia b le  f ra c 
tu r e  a n d  com position , also th e  f a c t  t h a t  te s ts  
were m ore  fre q u e n tly  a sk ed  fo r, t ro u b le  b eg an , 
an d  th e re  is l i t t le  d o u b t m an y  te s t-b a rs  w ere m ade 
from  iro n  t h a t  n e v er w en t in to  th e  cas tin g s , T h e  
e n g in e er, to  p ro te c t  h im self, th e n  in s is te d  on  th e  
te s t-b a r  b e in g  a tta c h e d  to  th e  c a s tin g . T h is  led  
to  th e  le n g th  of th e  b a r  be in g  sh o rte n ed . The 
whole q u estio n , so f a r  a s  th e  fo u n d ry m a n  was 
concerned , w as so to  p lace  th e  b a r  as to  o b ta in  th e  
s tro n g e s t s tru c tu re .  I f  th e  c a s tin g  w as a th in  
one, he  knew  th e  m ost s u ita b le  m e ta l fo r  th is  was 
too  open fo r  an  1^-in. d ia . b a r , so h e  p laced  th e  
b a r  as n e a r  th e  box edge a n d  as fa r  from  th e  
c a s tin g  a s  possible, so as to  o b ta in  th e  ch illin g  
effect of th e  cool box.

I f  th e  c a s tin g  w as a v e ry  th ic k  ope, th e  rev erse  
p ro ced u re  o b ta in e d , a n d  th e  b a r  w ould be p laced  
as n e a r  th e  heavy  c a s tin g  as possible to  o b ta in  
th e  full a n n ea lin g  effect on th e  s t r u c tu r e  o f th e  
b a r. T h e  w orst f e a tu re  from  th e  e n g in e e rs ’ s ta n d 
p o in t is th e  fa c t  t h a t  th e  m ix tu re  is o f te n  h a rd e n e d  
o r so ften ed , as th e  case m ay  be, to  g e t a  com 
prom ise  be tw een  th e  c a s tin g  a n d  th e  b a r . B y th is  
m eans—th e  sp ec ify in g  o f a  size of b a r  u t te r ly  
u n su ite d  fo r  th e  th ic k n e ss  o f t h e  c a s tin g — i t  is 
obvious t h a t  th e  e n g in e er is d ire c tly  resp o n sib le  
fo r m any  poor s t r e n g th  cas tin g s. W h ere  th e  b a r  
a n d  c a s tin g  a re  ab o u t th e  sam e sec tio n , th e r e  is 
l i t t le  tro u b le  in  o b ta in in g  p re se n t-d a y  te s ts .

The q u estio n  of design  in  r e la tio n  to  th is  
problem  o f te s ts  a n d  s t re n g th  o f c a s tin g s  is as 
v i ta l  aS an y , an d  ca lls  fo r t h a t  c o n su lta tio n  be 
tw een  th e  fo u n d ry m an  a n d  e n g in e e r so o f te n  
adv o ca ted . G iven a  c a s tin g  o f fa ir ly  u n ifo rm  
section , i t  would be possible to  reck o n  on a  safe  
load of 2.5 to n s  p e r  sq. in. T h a t  w ould m ean  
scan tlin g s  could  he red u ced  by 50 p e r  c e n t .,  even  
if on e  re ta in e d  any  th in n e r  sec tio n s in  th e  sam e 
cas tin g , so as to  g ive  a moire even th ic k n e ss
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th ro u g h o u t an d  th e re fo re  a  m ore even cooling and 
a s tro n g e r  ca s tin g , u s in g  th e  c o rre c t ty p e  of m etal.

M en tio n  h as been m ad e  o f th e  c a s tin g  of two 
3-in . sq . b a rs  from  m eta ls  o f  good v a r ia tio n , and  
gave  th e  te s t  re su lts . I t  was also  s ta te d  t h a t  th e  
a u th o r  c a s t  th re e  b a rs  from  each m eta l which con
fo rm ed  to  th e  sizes g iven  in  th e  I .B .F .  specifica
tio n . T he re su lts  o f th e  ten s ile  te s ts  on th ese  bars 
were a s  follows. F ro m  th e  h a rd  m eta l th e  f- in . 
b a r  was q u ite  w h ite . T h e  1.2-in . b a r  was badly 
m o ttled . T h e  2 .2-in . d ia . b a r  was g rey , an d  when 
tu rn e d  to  1.785 in . d ia . in  th e  c en tre , b roke  a t
12.3 tons. T h e  th re e  b a rs  from  th e  so f t  m eta l 
y ielded  th e  follow ing resu lts . T h e  §-in. d ia . b a r  
tu rn e d  down to  0.564 in . d ia . in  th e  c en tre , broke 
a t  13.04 to n s  p e r sq. in . The 1.2-in. d ia . b a r , 
reduced  to  0.798 in . in  th e  c en tre , y ie ld ed  12.04

G r a p h  I. G r a p h  I I .
tons p e r  sq. in . The 2.2-in . d ia. b a r , tu rn e d  down 
to 1.785 in . d ia ., b roke  a t  9 .6  to n s  p e r  sq. in.

G rap h  I  o u tlin e s  th e  re su lts  of w ork  done by 
P ro f. T u rn e r , Cook a n d  o th e rs ,, show ing  th a t  the 
g re a te s t  s tre n g th  of any  g iven  iron  is o b ta in ed  
w ith  th e  C.C. from  0.7 to  0.9 pe r cen t. M r. 
Gyesty, of th e  N o r th -E a s te rn  M a rin e  E n g in e e rin g
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C om pany, re c e n tly  in fo rm ed  th e  a u th o r  t h a t  th e ir  
re su lts  w ere ro u n d  ab o u t 1 p e r  cen t. C .C. T he 
p u b lic a tio n s  a n d  p a te n ts  co n ce rn in g  th e  m a n u fa c 
tu re  o f “ P e a r l i t ic  c a s t  iro n  ”  is  a n o th e r  con
firm a tio n  o f th e  above s ta te m e n t.

G ra p h  I I  g ives th e  re s u lts  o f a  se ries o f  e x p e r i
m en ts m ad e  on v a r io u s  sizes o f b a rs , each  s e t  c a s t  
from  a  m e ta l su ite d  to  v a rio u s  w ork. T h e  b a rs  
w ere § in ., 13-16 in ., 1 in .,  1J in . a n d  3 in . d ia . E ac h  
s e t  o f five b a rs  w as c a s t  in  o ne  box fro m  th e  sam e 
lad le . N o. 1 iro n  was n sed  fo r  th in  s t ro n g  c a s t 
ings. 'T he f - in .  b a r  y ie ld ed  13.25 to n s  p e r  sq. in ., 
a n d  th e n , as th e  sizes o f th e  b a r  in c re ased , th u s  
g iv in g  a m ore  open s t ru c tu re ,  th e  te n s ile  s tre n g th  
d ro p p ed  t i l l  o n ly  7 to n s  w as re g is te re d  o n  th e  
3-in . b a r . I ro n  N o. 2 w as u sed  in  s te a m  c y lin d e rs  
1.5 in . th ic k . T h is  iro n  w as to o  h a r d  fo r  th e  
§-in. d ia . b a r ,  a n d  o n ly  9 .5  to n s  p e r  sq. in . was 
re g is te re d . T h ere  was a  g ra d u a l  r ise  t i l l ,  a t  l j - i n .  
d ia . b a r , 12.5 to n s  was o b ta in e d , w ith  a d ro p  to  
a b o u t  8.25 to n s p e r  sq. in . on  th e  3-in . d ia . b a r  
I t  shou ld  be n o ted  t h a t  b o th  th ese  iro n s  would 
h av e  m e t th e  o rd in a ry  te s t  o f 9 to n s  ten s ile . T he 
la s t  iro n  was used  in  some h y d ra u lic  cy lin d ers . 
E v ery  b a r  up  to  th e  l | - i n .  d ia . w as w h ite , and  
th e re fo re  n o  te n s ile  could  be  ta k e n . T h e  3-in . 
b a r  w as g rey , a n d  re g is te re d  over 13 to n s  p e r  sq. 
in . a t  th e  Sheffield T es tin g  W o rk s. I t  sh o u ld  be 
p a r tic u la r ly  n o ted , in  view  of th e  re s u l ts  show n 
in  G ra p h  1, t h a t  th e  to ta l  c a rb o n  in  th is  t h i r d  iron  
was 3.2 p e r  c en t. T h e  C .C . in  th e  1-in . d ia . b a r  
w as 3 p e r  c e n t.,  w hile in  th e  3 -in . d ia . b a r  i t  
w as on ly  0.9 p e r  c e n t .  T h is is  c le a r  ev id en ce  t h a t  
th e  b a r  m u s t b e a r  som e re la t io n  in  size to  th e  
th ick n ess  o f c a s tin g  i t  is supposed  to  re p re se n t.

W h ere  th e  th ic k n e ss  of m e ta l v a r ie s  to  a  g r e a t  
e x te n t  in  th e  sam e c a s tin g — a sh ip ’s p ro p e lle r  is 
a ty p e ^ -n o  te s t-b a r  will r e p re se n t all p a r t s  of th is  
c a s tin g , j u s t  as no m e ta l w ill g iv e  m ax im u m  
s tre n g th  in  all p a r ts .  T he b e s t m u s t be a  com 
p rom ise  in  b o th  cases. T he fo u n d ry  m a n a g e r  h a s  
to  m ak e  u p  h is m in d  b e fo re  c h a rg in g  fo r  th is  c a s t 
in g  w h a t ty p e  of m e ta l he w ill a im  fo r , w h e th e r  
i t  shall be su ita b le  fo r a  c a s tin g  2 in . o r  3 in . 
th ic k . Once th is  is done, he know s w h a t d ia m e te r  
of te s t-b a r  to  use, a n d  th e  te s t  r e s u l t  w ill g iv e  h im  
som e idea  if he  h a s  a t ta in e d  h is o b jec t.



Present Day Specifications.
Grown A g e n ts .— C a st iro n  is to  be m ade  from  

b e st p ig -iro n , an d  m u st be c lose-grained , h a rd , 
to u g h  a n d  p e rfe c tly  free  from  a ll defec ts or 
blem ishes. T he cas t- iro n  tes t-p ieces m u s t be cas t 
w ith  th e  b ro a d e r side  of th e  b ar u p p erm o st. B ars 
fo r m ak in g  th ese  te s ts  m u s t be c a s t an d  te s ted  
b e fo re  th e  com m encefnen t of th e  c o n tra c t, an d  a t  
such in te rv a ls  su b seq u en tly  as th e  In sp e c to r shall 
d ire c t. T he c a s t iro n  to  be of such a q u a lity  th a t  
a  b a r  of th e  sam e, 1 in . b ro a d  an d  2 in . deep, 
p laced  on  edge  on  b ea rin g s  3 f t. a p a r t ,  shall no t 
b re ak  w ith  a less load  th a n  30 cw ts. suspended  in 
th e  c e n tre , n o r w ith  a deflection  of less th a n  0.3 in. 
Y e t to  th is  specification  cas tin g s t h a t  do no t 
exceed in . th ic k  a re  asked  fo r, a n d  a t  th e  o th e r  
e x tre m e  c a s tin g s  w ith  no section  less th a n  2 |  in. 
th ick .

A d m ir a l ty .—T he A d m ira lty  specification  p re 
sen ts  th e  sam e anom aly . I t  re ad s  t h a t  test-p ieces 
a re  to  be ta k e n  from  such cas tin g s  as m ay be 
considered  necessary  by th e  In sp e c to r . A bar 
1 in . sq., te s te d  on  su p p o rts  12 in . a p a r t ,  shall 
bear a  load  o f 21 cw ts. w ith o u t b re ak in g . The 
m in im um  ten s ile  sha ll be 11 to n s  p e r sq. in . tak e n  
on a  len g th  o f n o t less th a n  2 in . T he g en era l 
p ra c tic e  fo r th e  la t t e r  is to  c a s t  a b a r  l j  in . d ia . 
an d  to  tu r n  th is  down to  0.798 in . fo r 2 in . in  th e  
c e n tre . H e re , a g a in , th is  sp ec ifica tion  h a s  been 
used  fo r sm a ll cy lin d e rs  f ' i n .  th ic k , a n d  a t  th e  
o th e r  e x tre m e  fly-wheels w ith  a  r im  th ick n ess of 
12 in . Som e l i t t le  t im e  ago th e  a u th o r  was asked 
to  m ake  some ch illed  ro lls  fo r  th e  A d m ira lty . 
The chill a sked  fo r  was 1 in. deep. Now i t  is 
q u ite  im possib le to  c a s t an y  b a rs  below 3 in . d ia  
w ith  th e  com position  needed  to  o b ta in  1 in. chill 
w ith o u t  th e  b a rs  be ing  w hite. M r. B u ck land , the  
In sp ec to r, p roved  th is  fo r h im self, a n d  th e  down 
ru n n e r  fro m  th e  ro ll w as b roken  off, tu rn e d  down 
to  1.785 in . in  th e  c e n tre , an d  b roke a t  over 13 
to n s  p e r  sq. in .

M any  e n g in e e rs  seem to  th in k  th a t  cas t iron is 
a  hom ogeneous m a te ria l,  an d  t h a t  a specification  
issued by th e  B .E .S .A . covers every  c a s tin g  on 
e a r th .  R ecen tly  th e re  was an  in q u iry  fo r some 
com pressor h ead s w ith  a m in im um  th ick n ess of

605



606

5^ in . T he iro n  was to  com ply w ith  th e  B .E .S .A . 
te s ts  fo r p ipes.

New Railway Specification.
In  O ctober la s t  th e  L. & N .E . R a ilw a y  issued 

a sp ec ifica tio n  fo r iro n  c a s tin g s . T h ey  specify  
a  b a r  2.25 in . x  1.25 in . x 28 in . long , to  be 
c a s t n e a r  th e  to p  of th e  c y lin d e r a tta c h e d  to  th e  
flange. T h e  tra n s v e rse  ten s ile  a n d  com pression  
te s t-p ieces  a re  to  be  c u t  fro m  th is  b a r .  N o s e r i
ous o b jec tio n  can  be ta k e n  to  th is  b a r  so f a r  as 
th e  cy lin d ers  a re  c o n c e rn e d ; th e  tw o  sec tio n s b e a r  
some re la tio n  to  each  o th e r . A ro u n d  b a r  would 
h av e  been  p re fe ra b le . Also, c a re  w ill h av e  to  b<\ 
ta k e n  in  c e n tr in g  f o r  th e  te n s ile ;  o th e rw ise  th e  
s t ru c tu re  w ill v a ry  g re a tly  a n d  th e r e  w ill be a  
w eak side. E v e n - i f  th e  b a r  is c e n tr e d  t r u ly ,  i t  
will be  necessary  to  rem o v e  a p p ro x im a te ly  J  in. 
aside  from  th e  2.25 in . rvide b a rs , w h ile  0 .25  in. 
w ill be all t h a t  re q u ire s  t u r n in g  off a 1.2 in . d ra w 
b a r  to  a r r iv e  a t  a d ia m e te r  o f 0.798 in . in  th e  
cen tre . W hen  th is  b a r  is specified fo r g e n e ra l c a s t 
ings, g rav e  o b jec tio n  w ill be ta k e n  to  i ts  a p p lic a 
tio n  to  th in  o r th ic k  c a s tin g s . I f  ax le  boxes now 
av erag e  a b o u t § in . th ic k ,  th e n  to  g e t  th e  b e s t t e s t  
on th e  sizei b a r  asked  fo r w ill re n d e r  th e  p in  lugs 
on th e  g re a se  box co m m erc ia lly  u n d rilla b le .

Paris Conclusions.
A t th e  In te r n a tio n a l  F o u n d ry m e n ’s C o n v en tio n , 

held  in  P a r i s  la s t  S e p tem b er, th e re  w as a  fa ir ly  
g e n e ra l a g re e m e n t t h a t  som e m o d ificatio n  o f th e  
p iresent-day m ethods fo r  te s tin g  c a s t  iro n  w as long 
o v erd u e, b o th  in  th e  in te re s ts  o f  th e  e n g in e e r  a n d  
fo u n d ry m an . W h en  i t  is rem em b ered  t h a t  14 
n a tio n s  w ere re p re se n te d  a n d  over 1,000 d e le g a te s  
w ere p re se n t, th e  m o vem en t c a n n o t  be  o v e r
e s tim a te d .

M. P o r te v in  su g g ested  t h a t  th e  F re m o n t a n d  
P o rte v in  m eth o d s of te s tin g  sm all pieces c u t  from  
th e  cas tin g s  them selves offered  a so lu tio n . W h ile  
th e  m eth o d  a p p ea rs  id ea l, o ne  c an  only  say  t h a t  
fo r 14 y ea rs  l i t t le  o r  no p ro g ress  h a s b een  m ade , 
th e  c h a r ts  a n d  figures p u t  fo rw a rd  by M . R o n c e ra v  
a t  B irm in g h a m  in  1922 b e in g  th o se  to  a  g r e a t  
e x te n t  p u b lish ed  by M. F re m o n t in  1912. H ow 
ever, as th e  A m erican  C o m m ittee  a re  p u rc h as in g
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a  m ach in e, in d e p e n d e n t evidence m ay  soon be 
ex p ec ted .

American Conditions.
T he A .F .A . ad o p te d  a  s ta n d a rd  a rb i t r a t io n  b a r 

in  1904. T h is , fo r sev era l reasons, h a s  n o t m et 
w ith  m uch s u p p o r t  o n  th e  o th e r  side, an d  a  com
bined  C o m m ittee  o f th e  A .F .A . an d  th e  A .S .T .M . 
a re  re v is in g  th e  whole specification .

A t a  m ee tin g  o f th e  G enera l Council o f th e
I .B .F . ,  held  in C o v en try  in  1918, i t  was resolved 
t h a t  in s tea d  o f sim ply c rit ic is in g  „ specifications 
p u t  fo rw a rd  by c e r ta in  a u th o r it ie s , i t  would be 
b e t te r  to  em body th e  fo u n d ry m en ’s views in  a  te n 
ta t iv e  specifica tion , th is  to  be su b m itte d  to  th e  
lead in g  e n g in e e r in g  societies fo r accep tance  o r 
a m e n d m en t b e fo re  sen d in g  on fo r th e  ap p ro v al of 
th e  B .E .S .A . T h is C om m ittee  o f th e , I .B .F .  
s ta r te d  a c t iv e  w ork  over tw o y ears  ago. They 
re a lised  from  th e  f irs t th a t  if  th e  specification  was 
n o t  to  be  a d ead  le t te r ,  i t  m u s t c a r ry  th e  consen t 
a n d  a p p ro v a l o f  th e  eng in eers . They th e re fo re  
h a d  tw o o b jec ts  in  v iew . F i r s t ,  so to  m odify  th e  
size of th e  te s t-b a r  t h a t  i t  bore  some re la tio n  to  
th e  section  o f th e  c a s tin g  i t  re p re se n ted , an d  so 
would have  to  a lim ited  e x te n t  a  s im ila r  s tru c tu re . 
Secondly, to  co nv ince  th e  e n g in eer t h a t  these  
m odifications would y ie ld  te s ts  as h ig h  as any  he 
h ad  asked  fo r before . Once th is  spec ifica tion  had  
been t r ie d  o u t  by b o th  th e  en g in e e r an d  fo u n d ry - 
m an , a  com bined e ffo rt could be m ade  to  increase 
th e  te s t  loads a n d  h e lp  c a s t iro n  to  ta k e  a b e tte r  
place.

T h is  specification  v a rie s  in  a few v ita l  po in ts 
from  th e  s ta n d a rd  spec ifica tions m en tio n ed  ea rlie r  
in  th e  P a p e r .  C lause 4, fo r in s tan c e , d iv ides th e  
c a s tin g s  in to  tw o  g ra d es , v iz., G rade  A is to  in 
c lude a ll  im p o r ta n t  c a s tin g s  t h a t  o ften  now call 
fo r h ig h e r  te s ts . G rade  B includes all o th e r  cas t
ings t h a t  re q u ire  to  conform  to  m echan ical s ta n 
d a rd s . A g a in , foir C lause 6, th e  a v erag e  sec tio n al 
th ick n ess o f any  c a s tin g  sh a ll d e te rm in e  th e  size 
o f th e  te s t-b a r  to  be used. T hus, fo r all cas tin g s 
w here no  m ain  cross-section o f th e  m eta l exceeds 
J in . th ic k , a  b a r  0.875 in . d ia. c as t 15 in . long 
shall be  used. F o r  all e as tin g s  w here no m ain  
cross-section  exceeds 2 in . th ic k , o r  is  less th a n  
f  in . th ic k , a  b a r  1.2 in . d ia . c a s t  21 in . long
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shall be used. F o r  all c a s tin g s  w here  no m ain  
cross-section  is less th a n  2 in . th ic k , a  b a r  2.2 in . 
d ia . c a s t  21 in . long sh a ll be used.

C lau se  7 p o in ts  o u t  t h a t  th e  te s t-p ieces  fo r 
G rad e  A sh a ll be c a s t  On th e  c a s tin g  w herever 
possible. W h en  p ra c tic a l c o n s id e ra tio n s  do n o t 
p e rm it  o f th is , o r  w hen th e  co n sen t o f th e  en g in e e r 
is o b ta in e d , th e  p ro c ed u re  o u tlin e d  fo r G ra d e  B 
shall be follow ed. T est-p ieces fo r G ra d e  B m ay  
be cas t s e p a ra te ly  a t  th e  o p tio n  o f th e  su p p lie r , 
a n d  sh a ll p re fe ra b ly  be c a s t  in  d u p lic a te  se ts  of 
tw o b a rs , each  of th e  d im en sio n s specified in  
C lause  6. T h e  te s t-b a rs  sha ll be  m ad e  in  g re en  
san d  o r d ry  san d , a cco rd in g  as to  w h e th e r th e  
c a s tin g  is m ad e  in  g re en  sa n d  o r d ry  san d .

T h e  te s t-p ieces  sha ll be  c a s t  fro m  th e  sam e lad le  
as th e  c a s tin g s , a n d  as n e a r ly  as possib le  a t  th e  
sam e p o u rin g  te m p e ra tu re .  T he te s t-p ie ce s  sh a ll 
possess th e  sam e  th e rm a l h is to ry  as th e  c a s tin g  
i t  re p re se n ts . (T h is  is to  p ro v id e  fo r  th e  g ro w in g  
p ra c tic e  o f h e a t - tr e a t in g  c e r ta in  w ork .) The 
tes t-p ieces sh a ll be te s te d  tra n sv e rse ly  as c as t, o r  
sk in  m adhined  a t  th e  o p tio n  of th e  e n g in e e r . T he 
tra n s v e rse  te s ts  a re  g iv en  in  T ab le  I.

T a d l e  I .— In s titu te  o f  B ritish  F ountlrym en d ra ft Specification  
Requirem ents.

T ra n s  vers Grade A Gra de B

Diam eter 
of bar 

in inches

0.875
1.200
2.200

Distance 
between 

supports 
in inches 

12 
18 
18

Minimum 
load in 

lbs.

11.85
19.50

10.000

Minimum 
deflection 
in inches

0.12
0.15
0.12

Minimum 
load in 

lbs.

10.50
17.15
90.00

Minimum 
deflection 
in inches

0.10
0.12
0.10

T ensile  (Piece prepared from one portion  of th e  transverse  te st)

I Grade A Grade B.

Minimum Minimum
Diam eter Diameters maximum m aximum

of bar after tu rn  stress stress
in inches ing in ins. tons per tpns per

sq. inch sq. in.
0.875 0.564 12.0 10.0
1.200 0.798 11.0 9.0
2.200 1.705 10.0 9.0

C hem ical A n a ly s is .— W h ere  p h y sica l te s ts  a re  
specified, th e  m ax im u m  p e rcen tag e  of P  only sha ll 
be specified.
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T h e  C o m m ittee  fu lly  rea lised  from  th e  b eg in n in g  
t h a t  th e  te s t-b a r  on ly  re p re se n te d  th e  q u a lity  of 
th e  m e ta l g o in g  in to  th e  c a s tin g , a n d  n o t  neces
s a r ily  th e  s t r e n g th  of th e  c a s tin g  itse lf . T-hey 
also re a lised  t h a t  a  se p a ra te ly  cas t te s t-b a r  is n o t 
an  id ea l m ethod , b u t  th ey  f e lt  t h a t ,  in  th e  absence 
of a n y  'sa tis fac to ry  m eth o d  o f te s tin g  th e  c a s tin g  
itse lf, w ith o u t in ju r in g  i t ,  th e i r  first d u ty  was to  
m odify  th e  p re sen t-d a y  te s ts , so t h a t  th e y  would 
be m ore  s a t is fa c to ry  to  th e  e n g in e er an d  fo u n d ry - 
m an  a n d  lead  to  a  b e t te r  p ro d u c t.

Comments on Tensile Testing.

D ealin g  w ith  th e  m ethods of te s tin g , th e  a u th o r  
does n o t  believe th e  ten s ile  t e s t  is a su itab le  one 
fo r c a s t iro n . T h is  o p in io n  is en d orsed  by fo u n d ry - 
m en in  m o s t o th e r  co u n trie s . A m erica  a n d  G er
m an y  b o th  c u t  i t  o u t of th e i r  specifications. M. 
P o rte v in , in  h is  ad d ress  befo re  th e  F re n c h  C on
fe ren ce  held  a t  N an cy  in  1922— a n  ad d ress  which 
should  be  re a d  by every  foundj-ym an a n d  e n g in eer 
— s ta te d  th e  fo u r  fa c to rs  o b ta in e d  by a com plete 
ten s ile  te s t  a r e : — E la s tic  l im it, u l t im a te  ten s ile  
s tre ss  o r b re a k in g  load , e lo n g a tio n , and  re d u c tio n  
of a rea . O f th ese , th e  on ly  tw o  which re a lly  in d i
c a te  th e  su i ta b il ity  of th e  m a te r ia l  fo r a  g iven  
pu rp o se  a re  th e  e la s tic  l im it, o r  th e  s tre ss  from  
which p e rfe c t reco v ery  is possible, a n d  th e  re d u c 
tio n  o f a re a , w hich is a  c h a ra c te ris tic  o f th e  duc
t i l i ty .  Y e t i t  is p rec ise ly  th e  o th e r  tw o, t h a t  is, 
th e  b re a k in g  lo ad  a n d  th e  e lo n g a tio n , w hich a re  
fre q u e n tly  se lec ted  as th e  dec id in g  facto rs . 
B riefly , th e  o rd in a ry  ten s ile  te s t ,  ow ing  to  i ts  long 
h is to ry  an d  i ts  a p p a re n t  s im p lic ity , h a s  becom e 
e stab lish ed  in  a n  e x a g g e ra te d  p o sitio n . As a 
m a t te r  o f fa c t ,  th e  o rd in a ry  ten s ile  t e s t  is  in 
c ap ab le  o f in d ic a tin g  th e  e la s tic ity  o f c a s t  iro n , 
fo r which p u rp o se  i t  is  necessary  to  re so r t  to  th e  
d eflection  te s t .  I t  is  o f te n  s ta te d  t h a t  few, if  any, 
m ach ines g iv e  a  d ire c t pu ll. T he a u th o r  recen tly  
ex am in ed  figures re la t in g  to  an  in te re s t in g  e x p e ri
m e n t on th is  p o in t. A te s t-b a r  was c a s t w ith  two 
3-in . flanges ab o u t 4 in . a p a r t  c a s t  on . T h e  b a r  
was m ach in ed  u p  w ith  t h e  g r ip  ends an d  also th e  
faces o f  th e  flanges m ach ined . The portion, of 
th e  b a r  be tw een  th e  flanges was tu rn e d  to  0.798 in. 
w ith  good fille ts  c o n n ec tin g  to  th e  flanges. A

x
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g au g e  w as f i tte d  be tw een  th e  flanges, a n d  th e n  th e  
b a r  w as fixed in to  th e  te n s ile  te s t in g  m ach in e . 
T h ree  p o in ts  a t  ,an a n g le  o f  120 deg . w ere  fixed 
a n d  m ark e d  A, B a n d  C on  th e  edge  o f one flange . 
As soon as 2.9 to n s  p e r  sq. in . w as re g is te re d , i t  
w as fo u n d  th e  g a u g e  w as v e ry  t ig h t  a t  A , t h a t  i t  
w ould n o t  go in  a t  B, a n d  t h a t  a n  8 /1 ,0 0 0  fe e le r  
w en t in  a t  C . In c re a s in g  th e  lo ad  to  4 .5  to n s  
p e r  sq. in .,  i t  to o k  a  2 /1 ,0 0 0  fee le r  b esides th e  
g au g e  a t  A. T he g a u g e  w ould n o t  go in  a t  B , 
w hile i t  to o k  a  12 /1 ,0 0 0  feeler to  fill th e  g a p  b e 
tw een  th e  g a u g e  a n d  flan g e  a t  S. A f te r  th is  th e  
load  was ta k e n  off a n d  th e  b a r  w as re-m eiasured , 
w hen th e  o r ig in a l d a ta  w as o b ta in e d . T h e  
b a r  was a g a in  fixed in  th e  m ach in e , b u t  
th e  p o sitio n s  tw is te d  120 d e g ., so t h a t  th e  
p o in t C  to o k  B ’s o r ig in a l  p lace , B  w here  
A w as, w hile  A  to o k  C ’s  p o sitio n . W h en  th e  lo ad  
was a g a in  t a k e n  u p  to  4 .5  to n s  p e r  sq. in .,  i t  w as 
fo u n d  t h a t  A  (c) need ed  a  4 /1 ,0 0 0  fe e le r , B  (a) 
a  7 /1 ,0 0 0  fee le r, a n d  C  ( b) a  3 /1 ,000  feele<r t o  fill 
th e  space. T h is  t e s t  affo rded  good e v id en ce  t h a t  
th is  p a r t ic u la r  m ac h in e  d id  n o t  g iv e  a  s t r a ig h t  
p u ll. A n o th e r g ra v e  o b jec tio n  to  t h e  te n s ile  t e s t  
is  th e  f a c t  t h a t  i t  is  m ore  a  t e s t  of th e  s t r u c tu r e  
of th e  iro n  r a th e r  t h a n  i ts  q u a lity . T h e  a u th o r  
e m p h a tic a lly  s ta te s  t h a t  h e  c a n  o b ta in  11 to n s  p e r  
sq. in . te n s ile  o n  a lm o st an y  class of iro n  i f  th e  
C .C. is ro u n d  a b o u t 1 p e r  c e n t.,  b u t  t h a t  th e  
c o rre sp o n d in g  d e flectio n  a n d  t ra n s v e rs e  te s ts  need  
q u a lity  as well. T h e  h u n d re d s  o f te s ts  m ad e  by 
F re m o n t co n firm  th is .  F ie ld  u n w it tin g ly  also 
ad d ed  ev idence w hen h e  s ta te d  h e  co u ld  o b ta in  15 
to n s  p e r  sq. in . te n s ile  on, a  h ig h -p h o sp h o ru s  sem i
steel c a s t  iro n , b u t  cou ld  n o t  g e t  th e  tra n s v e rse  
w ith  th e  sam e m a te r ia l.

Chemical Analysis.
H a v in g ' r e g a rd  to  th e  ve ry  l im ite d  k n o w ledge  o f 

th e  effect of co m position , coo ling  effects, e tc .,  i t  is 
n o t  th o u g h t  w ise to' em body co m p le te  ch em ica l 
com position  in  a n y  sp ec ifica tion  w hich  c a lls  a t  th e  
sam e t im e  fo r p h y sica l te s ts .  T h e  a u th o r  is  n o t 
aw are  of a  s in g le  in s ta n c e  w here  a  com ple te  ch em i
cal an a ly sis  is  in c lu d ed  in  a sp ec ifica tio n , w here  
th e  a llow ab le  v a r ia t io n  is  n o t w ide en o u g h  to  o b ta in  
e ith e r  good o r  b ad  c a s tin g s  a t  w ill. I t  s to p s  r e 
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sea rch  a n d  su g gests t h a t  th e  know ledge o f m e ta l
lu rg y  is  com ple te . I f  th is  is so, why do we re a d  
such  d iv e rg e n t view s fro m  fo u n d ry m en  in  th e  
f r o n t  r a n k ?  W hy  is i t  sugg ested  in  C o v en try  t h a t  
p h o sp h o ru s  is  d e tr im e n ta l  be tw een  0.4 a n d  0 .8  p er 
c e n t.,  w hile  o th e r  e m in e n t m en say  i t  is  n o t h a rm 
fu l i f  below 1.0 p e r  c e n t .?  W hy  d id  Cook an d  
H a ils to n e  o b ta in  a n  av e ra g e  of 15 to n s  ten s ile  
fo r s ix ty  days u s in g  th re e  irons, a n d  on ly  an  a v e r
age of 10 to n s  w hen a  sing le  iro n  was charg ed  
a lth o u g h  th e  o rd in a ry  u l t im a te  a n a ly s is  was th e  
sam e?  W hy  d id  th ey  o b ta in  a  n e t-w o rk  s t ru c tu re  
w ith  one iro n  a n d  n o t w ith  th e  o th e r  series,

T a b le  I I I . — R e la tiv e  C o n s titu tio n  o f C old-B last 
a n d  iL o t-B la st P ig -Iro n .

Cold B las t. H o t  B last. 
Specific g ra v ity  ... ... 7.194 ... 7.047
T ensile  s t r e n g t h   26.859 ... 18.993
Com. ca rb o n  ................  0.0836 ... 0.0687
G r a p h i t e   0.0476 ... 0.0600
Silicon   0.0386 ... 0.0593
S lag    0.0189 ... 0.0375
P h o sp h o ru s ... ... 0..0228 ... 0.0185
S u lp h u r  ... ... ... 0.0014 ... 0.0010
"U ndeterm ined ... ... 0.1141 ... 0.0960
E a r th s  ...   0.0117 ... 0.0146
Silicon a n d  c a rb o n  ... 0.1219 ... 0.1281
Silicon  a n d  s la g  ... ... 0.0665 ... 0.0975
G r, slag  a n d  Si ... ... 0.1051 ... 0.1568
G r, slag , Si an d  P  ... 0.1280 ... 0.1753
T .C . ..............................  0.1312 ... 0.1287
G r, slag , P ,  S and

e a r th s  ... ... ... 0.1411 ... 0.1909
a lth o u g h  all co n d itio n s w ere th e  sam e as fa r  as 
shop c o n d itio n s  will allow ? W hy is a cold b las t 
iron  s tro n g e r  th a n  a h o t b la s t  of th e  sam e com 
p o sitio n ?  W h y  is good sem i-steel so m uch  finer 
in i ts  g ra p h it ic  c a rb o n  th a n  a n  o rd in a ry  iro n  of 
th e  sam e co m position?  W hy does Y oung  advocate  
a h ig h  su lp h u r  if  th e  m an g an ese  is in  ba lan ce  fo r 
c e r ta in  c lasses of w ork , while o th e rs  adv o ca te  a 
low su lp h u r  fo r  th e  sam e w ork? W hy does Sm alley 
re m e lt  h is  i ro n  a n d  r u n  in to  ch ills  if  th e  iro n  re 
covers i t s  s t ru c tu re  fu lly  on  re m e ltin g ?  W hy  is 
i t  ' t h a t  a n  “ over-g rey  ” p ig -iro n  t h a t  c a rr ie s  a 
No. 1 a n a ly sis  h a s  a No. 4 s t ru c tu re  a n d  re ta in s

x 2
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i t  on re m e ltin g , as m en tio n ed  by  ̂ P i lk in to n ,  
H o u g h to n  a n d  o th e rs ?  O ne cou ld  c o n tin u e  a sk in g  
th ese  q u e s tio n s ,'s h o w in g  w h a t d iv e rg e n t v iew s a re  
h e ld . T ill o u r know ledge o n  th is  s ide  is m ore 
com plete , i t  is n o t  wise to  d o g m atise  a b o u t d e fin ite  
chem ical sp ec ifica tio n s . I f  a  f u r th e r  w a rn in g  is 
needed , le t  th e m  e x a m in e  th e  fo llow ing  an a ly sis , 
a n d  rem em b er t h a t  in  a n o th e r  20 y e a rs  th e  s t a te 
m en ts  a n d  figu res th e y  g iv e  now  w ith  such  confi
d ence  m ay  look ju s t  as r id ic u lo u s  as th o se  below. 
Y e t i t  w as u p o n  th is  ev id en ce  t h a t  th e  t r a in e d  
chem ical s ta ff o f th e  P ik e v ille  A rsen a l s ta te d  t h a t  
h o t  b las t iro n  w as in fe r io r  to  cold b la s t.

T ab le  I I I  shows th e  c o rre sp o n d in g  fig u res of 
cold b la s t  a n d  h o t  b la s t  p ig -iro n .

Conclusion.
T he fo llo w in g  is th o u g h t  to  h a v e  b een  e s ta b 

l is h e d :— (1) T h a t  te s ts  a re  n ecessa ry  to  e s tab lish  
the- d a ta  need ed  to  en ab le  w ork  to  b e  d esig n ed  ;
(2) t h a t  te s ts  a re  need ed  o n  th e  a c tu a l  m a te r ia l  to  
p rove  th e y  com ply w ith  th e  co m p iled  d a t a ;  (3) 
t h a t  o n e  size  o f . t e s t  b a r  does n o t g iv e  ev en  a 
c o rre c t  id ea  o f th e  s t r u c tu r e  o f th e  m e ta l e n te r in g  
in to  th e  c a s t in g ;  a n d  (4) t h a t  fu ll ch em ica l specifi
ca tio n s , to g e th e r  w ith  p h y sica l te s ts , a re  n o t  s a t is 
fa c to ry  in  th e  fa c e  of o u r  th o ro u g h  lack  of 
k now ledge on th e  e ffect of co m p o s itio n  a n d  m ass 
actio n .

DISCUSSION.
T h e  C h a i r m a n  (M r. A . H a r le y ) ,  in  in v it in g  d is 

cussion, sa id  th e  P a p e r  w as a n  ex ceed in g ly  
in te re s t in g  o ne  on  a  su b je c t w h ich  v i ta l ly  con
c e rn ed  ev ery  fo u n d ry  m an  a n d  e n g in e e r .

Test Bar Preferred.
M r. R o x b u r g h , o f R u g b y , sp e a k in g  w ith  

re fe re n ce  to  th e  re co m m en d a tio n  of t h a t  Com
m itte e  t h a t  ro u n d  t e s t  b a rs  be  u sed  fo r t r a n s v e rse  
te s ts , sa id  h e  w hs of o p in io n  t h a t  th e  sq u a re  o r  
r e c ta n g u la r  b a r  w ould g iv e  a  b e t t e r  in 
d ic a tio n  of th e  s tre ss  t h a t  c a s tin g s  w ould  s ta n d  
th a n  th e  ro u n d  b a r . I f  th e  c a s tin g s  m ad e  in  th is  
o r  an y  o th e r  c o u n try  a re  co n sid ered , he  w ould  say 
t h a t  th e  s t r u c tu r e  of a  sq u a re  o r  r e c ta n g u la r  t e s t  
b a r  w ould be m ore in  lin e  w ith  th e  s t r u c tu r e  of 
th e  m e ta l in  99 p e r  c en t, of th e se  c a s tin g s  th a n



t h a t  o f  a  ro u n d  b a r . A ro u n d  b a r  g ives h ig h e r  
t ra n s v e rse  te s t  th a n  a  sq u a re  b a r  o f th e  sam e 
se c tio n a l a re a , and  he w ould th e re fo re  l ik e  M r. 
Shaw  to  say  w hy th e  ro u n d  b a r  w as recom m ended  
fo r  th is  te s t

H e  d rew  M r. S h aw ’s a t te n tio n  to  a  r a th e r  pecu
l ia r  t e s t  r e s u l t  he  re ce n tly  en co u n te re d . As th e  
le c tu re r  w as aw are , th e  fo u n d ry  w ith  w hich  th e  
sp e a k e r w as co n n ec ted  is called  upon  to  m ee t 
fa ir ly  h ig h  p h y sica l te s ts .  T he fo u n d rv  w as r u n 
n in g  a m ix tu re  w ith  th e  Si c o n te n t a p p ro x im a t
in g  1.3 p e r  c e n t , to  cas t tw o  jobs w ith  te s t  b a rs  
a tta c h e d . T he m o u ld in g  box fo r  one o f th ese  jobs 
w as r a th e r  t ig h t ,  a n d  th e  m ou lder was th e re fo re  
ob lig ed  to  p u t  th e  te s t  b a rs  v e ry  close to  th e  cas t
ings, a n d , ow ing  to  th e  slow r a te  of cooling, th e  
m a n a g e m e n t n a tu r a l ly  ex p ec te d  som ew hat low 
te s ts .

T he ten s ile  b a r  w as cas t a t  I f  in . d ia .,  a n d  th e  
tra n s v e rse  b a r  a t  I f  in . sq. I n  th e  case of th e  
o th e r  c a s tin g  id en tica l te s t  b a rs  w ere  cast-on , b u t 
th e y  w ere  in  a  p o sitio n  well rem oved  fro m  th e  c a s t
in g . W h en  th e  b a rs  w ere  b ro k en  i t  w as fo u n d  
t h a t  th e  te n s ile  b a r  w hich  w as c a s t close to  th e  
c a s tin g  on ly  g av e  9.87 to n s  p e r  sq. in .,  w h ereas 
th e  t ra n s v e rse  b a r ,  w hich  w as also c a s t  close to  
th e  c a s tin g , gave  3,300 lbs. p e r  sq. in . T h e  te s t  
b a rs  of th e  second c a s tin g  b o th  gav e  fa ir ly  good 
re su lts ,  n am e ly , te n s ile  b a r  13.7 to n s  p e r  sq. in ., 
tra n sv e rse  b a r  3.420 lbs. p e r  sq. in . I t  seem ed 
r a th e r  p e c u lia r  t h a t  th e  tra n sv e rse  b a r  shou ld  g ive  
such  a  good re su lt,  in  view  o f th e  b ig  d ro p  on th e  
ten s ile  b a r ,  an d  b o th  c a s t u n d e r  s im ila r  cond i
tio n s . H a d  M r. Shaw  en co u n te re d  a n y th in g  like  
th is  in  h is  ex p erien ce , a n d  could he give some id ea  
as to  th e  c au se?  All th e  te s t  b a rs  w ere  sound.

Reasons for Round Bars Explained.
M r . S h a w  r e p l i e d  t h a t  i n  r e g a r d  t o  a  r o u n d  b a r  

t h e  m a t t e r  t u r n e d  e n t i r e l y  o n  t h e  p o i n t  a s  t o  
w h e t h e r  t h e  b a r  r e p r e s e n t e d  t h e  c a s t i n g ' o r  t h e  
m e t a l .  I f  i t  r e p r e s e n t e d  t h e  m e t a l ,  t h e n  t h e y  
w a n t e d  t o  a r r i v e  a t  s o m e t h in g  w h ic h  w o u ld  g iv e  
t h e m  t h e  l e a s t  v a r i a b l e s .  I t  w o u ld  b e  w e ll  t o  r e 
m e m b e r  t h a t  i n  a l l  p a t t e r n s ,  i f  a t  a l l  p o s s ib le ,  
s h a r p  c o r n e r s  a n d  a n g le s  w e r e  e l i m i n a t e d .  T h a t  
a  s q u a r e  t e s t  b a r  s h o w e d  d i a g o n a l  l i n e s  o f  c r y s t a l 
l i s a t i o n ,  a n d  a  t e n d e n c y  f o r  s m a l l  c r a c k s  a lo n g  t h e
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sh a rp  edges. W ith  a  ro u n d  b a r  b o th  th ese  d ra w 
backs w ere  m in im ised . T he m a t te r  w as, o f course , 
open  to  d iscussion , b u t  b o th  th e  I .B .F .  a n d  th e  
A m erican  C o m m ittees, a f te r  g o in g  th o ro u g h ly  in to  
th e  m a t te r ,  su p p o rte d  th e  ro u n d  b a r . I n  a n y  
case i t  w as necessa ry  to  h a v e  a  sq u a re  t r a n s 
verse  b a r  so as to  g ive a  s im ila r  c ry s ta ll in e  e ffect 
as th e  flanges o f th e  c a s tin g  i t  r e p re se n te d . F o r  
th e  sam e reaso n  th e  te n s ile  should  be c a s t  sq u a re  
a n d  tu r n e d  ro u n d . T h e  q u e stio n  o f th e  s t r e n g th  
o f th e  b a rs  m en tio n ed  by  M r. R o x b u rg h  d e p en d ed  
o n  th e  com p o sitio n  of th e  m e ta l, a n d  th e  coo ling  
effect o n  th e  m ass. As show n in  G ra p h  I I  i t  w as 
q u ite  possib le to  h av e  a n y  o f th e  th ree -s ize d  b a rs  
in  th e  I .B .F .  th e  s tro n g e s t,  acco rd in g  to  th e  com 
p o sitio n . As s ta te d  th e re ,  if  th e  C .C . w as ro u n d  
a b o u t 0.9 p e r  c e n t .,  t h a t  o f th e  th ree -s ize d  b a rs  
w as th e  s tro n g e s t.  I t  w as also show n t h a t  fro m  
th e  sam e m e ta l p o u re d  in to  b a rs  a t  th e  sam e tim e , 
i t  w as possib le to  h av e  3 p e r  c en t. C .C . in  th e  
1 in . d ia . b a r  w h ile  th e re  w as only 0.9 p e r  cen t, 
in  th e  3 in . d ia . b a r  d u e  to  coo ling  effec ts only.

M b. R oxburgh  : T he 0.9 c a rb o n  w as in  th e  samte 
lad le  a n d  c a s t in  a n o th e r  c a s tin g .

M r . S h a w  a d d e d  t h a t  m u c h  w o u ld  d e p e n d  o n  
t h e  s iz e  o f  t h e  b a r ,  f o r  h e  c o u ld  g e t  3  p e r  c e n t ,  
i n  o n e  b a r  a n d  0 .9  p e r  c e n t ,  i n  a n o t h e r .

An Engineer’s Views.
A V is ito r  sa id  t h a t  e n g in e e rs  h a d  n o t re a l ly  a 

s a tis fa c to ry  fig u re  on w hich  to  d esig n . S u p pose  
th ey  h a d  th re e  tra n s v e rse  te s t  b a rs , a n d  o ne  w as 
to  co rresp o n d  to  a  c e r ta in  c a s tin g  w ith  a  b re a k 
in g  p o in t of n o t  less th a n  3,000 lb ., a n o th e r  of 
3,300 lb ., an d  th e  th i r d  4,200 lb . N ow  th e  e n g i
n e e r  d id  n o t b u ild  h is  m ach in es on  ro u n d  te s t  b a rs  
of th e  sam e size, a n d  co n seq u en tly  th o se  figu res 
m e a n t n o th in g  to  h im  un less he  k n ew  th e  s tre ss  
to  w hich  he  could  su b je c t th e  v a r io u s  classes of 
m ach ines. H e  w ould  th e n  h av e  to  t u r n  to  th e  
ten s ile  te s t ,  w hich w as n o t m uch use  fo r  c a s t iro n , 
especially  if  in  te s tin g  th ese  re su lts  a ffo rd ed  th em  
no ab so lu te  u n its .  Of course , th e r e  im ight be  a 
b ig g er v a r ia tio n  in  b ig  te s t  b a rs . T ak in g , how 
ever, th e  t e s t  r e s u lt  of 25 lbs. p e r  sq. in . in  con
ju n c tio n  w ith  th e  m odu lus of r u p tu r e ,  th e y  d id  
g e t a t  th e  a m o u n t of s tre ss  a  c a s tin g  sh o u ld  su s
ta in ,  a n d  th e y  could  use  i t  as an  ab so lu te  figu re  in 
c a lcu la tio n . I f  t r a n s v e rse  te s ts  w ere  g iv en  fro m
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th e  m e ta llu rg ic a l lab o ra to rie s  in s te a d  of ten s ile  
te s ts  th e y  w ould c e r ta in ly  know  m ore ab o u t th e  
com pression  a n d  ten s ile  q u a litie s  of th e  m a te ria l,  
an d  th e y  w ould also h av e  so m eth in g  m ore d e fin ite  
to  w ork  u p o n  th a n  in  th e  ten s ile  te s t ,  as in  
m ac h in in g  a n d  g au g e  le n g th  o p e ra tio n s  th e  chilled 
p o rtio n  w as to r n  off. F o r  th is  reason  en g in eers  
p re fe r re d  one size of b a r , fo r if th ey  knew  i t  was 
b ro k en  a t  2,000 lb ., i t  sugg ested  so m eth in g  d e fin ite  
to  th em , w hereas if  a n o th e r  size b a r  w ere used  
w hich w as figu red  to  b re a k  a t  3,000 lb. th e y  
w ould n a tu ra l ly  decline  i t  because o f th e  absence 
of re liab le  co m parisons. H e  w as in  ag reem en t 
w ith  M r. R o x b u rg h  in  h is  re m a rk s  as to  th e  use 
o f th e  sq u a re  t e s t  b a r , b ecause  c a s tin g s  w ere 
n o rm ally  re c ta n g u la r ,  a n d  n o t ro u n d . M ore
over, in  a  ro u n d  b a r  th e  s tre ss  w as c o n ce n tra ted  
a t  a  c e r ta in  p o in t,  b u t  in  th e  case o f th e  sq u a re  
te s t  b a r  i t  w as u n ifo rm  an d  all o ver th e  su rface , 
which th e  sp e a k e r i l lu s tra te d  by a ro u g h  d iag ram . 
U rg in g  the- d e p en d a b ility  o r  a d v isab ility  o f th e  
m odulus o f r u p tu re ,  th e  sp eak er m en tio n ed  t h a t  he 
h ad , fo r  a  p e rio d  of tw elve m on ths, m ade a series 
of te s ts  w ith  an  inch, sq u a re  b a r , one of 12 in ., 
a n d  a n o th e r  o f 22 in . len g th . T hese tw o figures 
w ere in  th e  ra t io  of 54.5 p e r  c e n t .,  acco rd in g  to  
th e  recogn ised  fo rm u la . N ow  th e  av erag e  figu re  
on th e  12 in . te s t  w as so m eth in g  like  53.9, so f a r  
as h e  could  reco llect.

Bases for Designers.
M e . S h a w  th o u g h t  th e  la s t  sp e a k er h ad  m issed 

th e  whole p o in t. The specification  g av e  d e fin ite  
figures fo r  th e  v a rio u s  th ick n esses o f cas tin g s, an d  
so th e  en g in e e rs  h a d  so m eth in g  to  s t a r t  fro m  fo r 
th e ir  designs. They reck o n ed  on— (A n  I n t e r -  

r u p t e r  : 1J to n s  p e r  sq. in .,  b u t  w h a t d id  t h a t  
m ean ?) T h a t  m e a n t ten s io n . ( T h e  I n t e r r u p t e r  : 

B u t if  th e  fo u n d ry m an  gav e  th e  e n g in e er a  figure 
to  d esign  on  i t  would be b e tte r .)  B efo re  t h a t  
could be done m uch would dep en d  on th e  design . 
W h a t th e  sp eak er in s is ted  upon  w as t h a t  suffi
c ie n t  c a re  was n o t expen d ed  on th e  design  fro m  
th e  fo u n d ry  s ta n d p o in t .  As fa r  as possible u n i
fo rm  th ic k n e ss  should  be in co rp o ra te d . T hen , if 
th e  c a s tin g  w as ab o u t an  av erag e  of 1 in . th ick , 
p re se n t d ay  te s ts  asked fo r 21 cw t. on an  in . sq. 
b a r  a t  12 in . c en tres . I f  th e  c a s tin g  av erag ed
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2 in . th ic k , a n d  a  2 in . sq. b a r  w as u sed , te s te d  
a t  12 in . c en tre s , th ey  w ould ex p ec t to  g e t  a p 
p ro x im a te ly  168 cw ts. (T h e  I n t e r r u p t e r  : I  do 
n o t  q u ite  a g ree , because  th ey  a re  n o t  in  d ire c t  
ra tio .  I f  you  h a v e  a  b a r  1 in . sq. a n d  a n o th e r  
2 in . sq ., th e  o ne  w ould  n o t  h av e  a  b re a k in g  lo ad  
of f o u r  tim e s .)  T h eo re tic a lly  i t  o u g h t  to  h a v e  
e ig h t  tim es , b u t  d ue  to  size w ould  h a v e  a  m ore  
o p en  c e n tre , a n d  th e  b re a k in g  lo ad  m ig h t  fa ll  a 
l i t t le .  ( T h e  I n t e r r u p t e r  : Oh, n o ; th e r e  is  th e  
m o m en t o f in e r t ia .)  A f te r  f u r th e r  p a ssa g e s , M r. 
Shaw  la id  dow n t h a t  th e  b a r  shou ld  h e a r  some 
re la t io n  to  th e  th ic k n e ss  of, th e  c a s t in g ;  t h a t  w as 
th e  w hole p o in t  o f  th e  c o n tro v e rsy  a t  p re s e n t .  
W ith  r e g a rd  to  th e  sq u a re  o r  ro u n d  b a r  f o r  th e  
tra n s v e rse  te s t ,  i t  w as n o t  a  q u e s tio n  o f th e  load . 
( T h e  I n t e r r u p t e r  : Q u ite .)  T he ro u n d  b a r  m ig h t 
g ive  a w ro n g  d e flection , d u e  to  s in k in g  in  of th e  
to p  a n d  b o tto m  s te e l b e a r in g s . ( T h e  I n t e r r u p t e r  : 

I t  w ould  a ffec t s tre ss , because  s tre ss  is  d is t r ib u te d  
a ll o v e r th e  p iece.) To th is  M r. Shaw  an sw ered  
t h a t  he  h a d  n o t co n sid ered  t h a t  p o in t,  b u t  even 
if  i t  w as so, as th e y  p ro p o sed  to  use a ll-ro u n d  b a rs , 
th e  s tre ss  w ould  be co m p arab le . W ith  r e g a rd  to  
th e  deflection , th is  g a in  d u e  to  s in k in g  in  o f th e  
s tee l b e a r in g s  on  th e  la rg e  b a rs  co u ld  be m et by  
sp ec ia l b e a rin g s , o r  th e re  w as a  m ach in e  t h a t  a u to 
m atica lly  d e d u c ted  th e  a m o u n t o f s in k in g  in .

Automobile Castings.
M r. G. H . J u d d  sa id  he m ig h t p o in t  o u t ,  b ecause  

he d id  n o t know  w h e th e r  M r. Shaw  w as aw are  o f 
i t ,  t h a t  in  C o v en try , w h ere  th e  m a jo r i ty  o f th e  
fo u n d rie s  w ere  e n g ag e d  in  m o to r c y lin d e r  w ork , 
th e  a v erag e  th ic k n e ss  of c y lin d e rs  w as 1 in . to  
f  in . H e  be lieved  t h a t  a t  la s t  th e  au to m o b ile  sec
tio n  of th e  B .E .S .A . h a d  ta c k le d  th e  q u e s tio n  fo r 
th e  d is tr ic t ,  a n d  h a d  now  allow ed th e m  to  u se  a  
I  in . sq. t r a n s v e rse  b a r  w hich  called  f o r  400 lb . 
I t  was q u ite  a  sm all b a r ,  b u t  fo r  c a s t iro n  i t  w as 
c e r ta in ly  m ore  re p re s e n ta t iv e  o f th e  c a s tin g  a n d  
co m p arab le  w ith  i t  th a n  th e  1 in . sq. b a r  o r ig i
n a lly  ca lled  fo r . They also ta c k le d  th e  q u e stio n  
from  th e  flywheel p o in t o f view  fo r m o to r cy lin d ers , 
a lth o u g h  th e  m a jo r ity  w ere m ad e  in  s tee l p re s s 
ings, b u t  w here  i t  d id  ap p ly  to  c a s t  iro n  a  
1 in . sq. b a r  w as allow ed, eq u al to  2,000 lb  t r a n s 
verse  an d  11 to n s  ten s ile . So t h a t  in  th e i r  d is t r ic t
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th e y  w ere  t ry in g  to  a p p ro ach  th e  q u estio n  an d  
m ake  te s t  b a rs  co m parab le  w ith  th e  cas tin g s. 
( M e . S h a w  : T h an k  you.)

M r . H . B e e n y , r e fe r r in g  to  th e  re m a rk s  o f a 
p rev io u s sp e a k er, s a id  t h a t  he  h a d  been  m ak in g  
t e s t  b a rs , c a s t  in  sizes ra n g in g  fro m  3-16 in . to  
1^ in ., in  o rd e r  to  d e m o n s tra te  th e  in fluence  of 
th e  r a te  of cooling u p o n  d iffe re n t g ra d es  o f c a s t 
iro n . W h en  th e  f irs t  se t  w as b ro k en — th e  b a rs  
w ere c a s t in  d u p lic a te — an d  h e  h a d  ca lcu la ted  th e  
re su lts  to  th e  sq u a re  inch , on  th e  a ssu m p tio n  t h a t  
th e  c ross-sectional a re a  an d  th e  b re a k in g  stresses 
w ere p ro p o rtio n a l, he  fo u n d  t h a t  in s te a d  o f g e t
t in g  a  m ax im um  tra n s v e rse  re su l t  a t  a  c e r ta in  
c r it ic a l  r a te  o f cooling, th e  figures rose  s te ad ily  
u p w ard s , so t h a t  on  th e  l j - i n .  b a r , w ith  a  very  
g rey  iro n , he  o b ta in e d  th e  h ig h es t tran sv e rse  
v a lu e . N ow  t h a t  w as n o t w h a t w as ex p ec ted , as 
he  a n tic ip a te d  t h a t  th e  m ax im um  tra n s v e rse  te s t  
fo r  each  g ra d e  o f p ig -iro n  would occur on  some 
in te rm e d ia te  sec tion . T he second b a tc h  o f b a rs  
w ere tu rn e d  to  e x ac tly  |  in . d ia ., a n d  w hen b ro k en  
on th e  tra n s v e rse  m ach ine  th e  m ax im um  w as 
o b ta in e d . W h en  he ex am in ed  th e  o th e r  figures 
o b ta in e d  w ith  th e  f irs t b a rs  h e  fo u n d  th a t ,  if  he  
assum ed t h a t  th e  tra n sv e rse  te s t  w as p ro p o rtio n a l 
to  th e  cube o f th e  d ia m e te r  o f th e  b a r ,  th e n  th e  
f ig u res o b ta in e d  fro m  th e  b a rs  b ro k en  a t  v a rio u s  
sizes ag reed  q u ite  well w ith  those o b ta in e d  fro m  
b a rs  b ro k en  a f te r  b e in g  tu rn e d  dow n to  0.5 in . 
d ia . C ould M r. Shaw  q u o te  th em  th e  fo rm u la  
u sed  in  c a lc u la tin g  th e  figu res g iv en  in  th e  t e n t a 
t iv e  specification  P

M r . S h a w  re p lie d  t h a t  he cou ld  n o t  a t  t h a t  
m om ent, h u t  he  could send  i t  on. T he figures w ere 
p u b lish ed , a n d  w ere o b ta in e d  fo r th em  by th e  P ro 
fesso r of E n g in e e r in g  a t  B irm in g h a m  U n iv e rs ity .

M e . B e e n y  a d d e d  t h a t  a s s u m in g  t h e  t r a n s v e r s e  
w a s  p r o p o r t i o n a l  t o  t h e  c u b e  o f  t h e  d i a m e t e r  o f  
t h e  b a r ,  t h e  f ig u r e s  c a m e  o u t  v e r y  w e ll ,  t h e r e  
b e i n g  a p p r o x i m a t e l y  1 c w t .  p e r  sq . i n .  d i f f e r e n c e  
b e tw e e n  t h e  tw o  s e t s  o f  v a lu e s .

M r . S h a w  o b s e r v e d  t h a t  o f  c o u r s e  a  g r e a t  d e a l  
w o u ld  d e p e n d  o n  t h e  q u a l i t y  o f  t h e  i r o n  a s  t o  
w h e t h e r  t h e y  o b t a i n e d  t h e  m a x im u m  s t r e n g t h  on 
t h e  s m a l l  o r  t h e  b ig  b a r ,
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M e . S h a w  com m ented  on th e  im p o rta n c e  of th e  
com bined c a rb o n  c o n s titu e n t,  sa y in g  t h a t  i t  m ig h t 
be 0.8 o r 0.9, o r  even  0.71, w h ich  P ro fe sso r T u rn e r  
h a d  re d u ce d  i t  to , a n d  w as fo r  t h a t  p a r t ic u la r  
iro n  th e  h ig h e s t t e s t ; w hile  Cook fo u n d  i t  one 
p o in t h ig h e r . W h a t th e y  w a n te d  to  know  w as th e  
s u i ta b i l i ty  o f iro n  fo r th e  size of b a r . I f  th e  iro n  
w as too  h a rd  fo r  a  sm all b a r  th e y  w ould  e x p e c t a  
d ro p .

Test Bars Useless for Automobile Cylinder.

M e . F . H . H u e e e n  re m a rk e d  t h a t  w h ile  h e  w as 
in  p ra c t ic a l  a g re e m e n t w ith  w h a t  M r. Shaw  h a d  
sa id  a b o u t t h e  v a lu e  of t e s t  b a rs , h e  shou ld  lik e  to  
q u a lify  t h a t  a g re e m e n t by  s t a t in g  t h a t  t e s t  b a rs  
w ere  ex ceed in g ly  u se fu l o n  c a s t  i ro n  w h ich  Was 
used  on s t ru c tu ra l  o r  c o n s tru c tio n a l w o rk  g e n era lly . 
B u t as M r. Shaw  h a d  exp ressed  a  w ish  to  “  h a v e  
th e  gloves o n ,”  he w ould lik e  to  o b lig e  h im  h v  say 
in g  so f a r  as au to m o b ile  w o rk  w as  co n cern ed , he  
re a lly  cou ld  n o t  see th e  p ra c t ic a l  u t i l i ty  o f a  te s t  
b a r  in  co n n ec tio n  w ith  m o to r c a r  cy lin d e rs . These 
cy lin d e rs  w ere  re q u ire d  to  p e rfo rm  c e r ta in  
fu n c tio n s , a n d  th e  ch ief fa c to rs  re q u ire d  o f th e m  
w ere  effec tive  long  life , freedom  from  ab rasio n s , 
g e n e ra l re s is ta n c e  to  po ro sity , a n d  s ta n d in g  u p  to  
th e  w ork  of w h a t w as v e ry  o f ten  a h ig h  re v o lu tio n  
e n g in e . T he q u estio n  as to  w h e th e r  th e  m a te r ia l  
in  au to m o b ile  cy lin d e rs  w ould  g iv e  11 to n s  te n s ile  
or 21 cw t. t r a n s v e rse  te s ts  d id  n o t  to  h is  m in d  
m a t te r  tw opence . T he m a in  th in g  w as t h a t  th e  
m a te ria l  m u s t s ta n d  u p  to  i ts  w o rk  d a y  in  a n d  day  
ou t, o f te n  u n d e r  b ad  co n d itio n s, w ith  b ad  d r iv in g  
a n d  lack  of lu b r ic a tio n . A nd  th e  m a t te r  of te n s ile  
o r  tra n s v e rse  te s ts  h a d  no re la t io n  w h a te v e r  to  
th e  n ecessity  w hich  w as a ll im p o r ta n t  in  a c y lin d e r 
— its  long  life  u n d e r  v a ry in g  c o n d itio n s . M r. 
Shaw  h a d  also m en tio n ed  th a t ,  so  f a r  a s  chem ica l 
com position  w as concerned— an d  i t  h a d  also been 
s ta te d  in  C o v en try — a  p h o sphorous c o n te n t  of 
be tw een  0.4 a n d  0 .8  w as h a rm fu l. H e  th o u g h t  
th is  p o in t re q u ire d  som e 'e lab o T a tio n . F ro m  p ra c 
tic a l ex p erien ce  h e  h a d  fo u n d  t h a t  a n  iro n  w hich  
w hich w as su ita b le  for au to m o b ile  cy lin d ers , ta k in g  
in to  c o n sid e ra tio n  th e  to ta l  c a rb o n  a n d  silicon 
c o n te n t, i f  i t  h a d  a  p h o sphorous c o n te n t  of t h a t  
ra n g e , w as a lw ays liab le  to  se g reg a tio n . T he ch ie f 
a n d  m ost d es irab le  fa c to r  in  au to m o b ile  c y lin d e rs
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was a  very  s lio rt cooling ra n g e , a n d  th is  could only 
be o b ta in e d  by w h a t l i t t le  th e y  knew  o f th e  ba lance  
of chem ical c o n s titu e n ts . A c a s t iro n  w ith  less 
t h a n  0.2 o r over 0 .8  p e r  cen t, p h o sphorus, 
a ssu m in g  th e re  w as a  silicon c o n te n t of a p p ro x i
m ate ly  1.5 p e r  c e n t.,  would give fa r  b e tte r  re su lts  
day  in  a n d  d ay  o n t th a n  a  s im ila r iron  w ith  a  
phosphorous c o n te n t of 0.2 up  to  0 .8  p e r cen t. T he 
only  e x p la n a tio n  he  could offer fo r th is  ex p erience  
w as th e  d im en sio n  of th e  cooling ra n g e . M r. 
O liver Sm alley , w hen  le c tu r in g  th e re  rece n tly , 
show ed som e b a rs  w ith  a cooling  ra n g e  in  o ne  case 
of only  80 deg ., w hile  in  th e  o th e r in s tan c e  i t  was 
som ew here a b o u t 250 deg. To h is m ind  a n  iron  
fo r an  au to m o b ile  c y lin d e r w hich h ad  th e  la t te r  
cooling ra n g e  w as liab le  to  a ll so rts  of tro u b le , 
local se g reg a tio n  a n d  local p o rosity , how ever good 
or b ad  th e  iro n  m ig h t be. In  such a case th ey  
m ig h t s t i ll  be g e t t in g  a good te s t  b a r , b u t  h e  w ould 
r a th e r  o b ta in  a  good c as tin g  w ith  a b ad  te s t  b a r  
th a n  a h ad  c a s tin g  w ith  a  good te s t  b a r . H ow ever, 
he  could n o t  su g g est an y  a l te rn a t iv e  te s t ,  b u t he 
w ould lik e  to  ad d  h is op in io n  th a t  te s t  b a rs  fo r 
au to m o b ile  cy lin d e r w ork  w ere  a  w aste  of tim e .

M e , S h a w , in  rep ly , ag reed  w ith  M r. H u r re n  
e n tire ly  on th is  p a r t ic u la r  p o in t, because  cy lin d ers  
w ere sm all c as tin g s, an d  t h e j  also h a d  th e  B rin e ll 
te s t  in s tea d . M oreover, th e y  could  easily  te s t  th e  
ca s tin g  by w a te r  p re ssu re , befo re  m ach in in g , and  
u n d e r  th ese  co n d itio n s he  d id  n o t th in k  a  te s t  b a r  
w as n ecessa ry  fo r  au to m o b ile  cy linders . H e  m ig h t 
ex p la in  t h a t  he  sim ply  m en tio n ed  th e  phosphorus 
q u estio n  because  he h a d  h e a rd  i t  w h ispered  tw ice, 
an d  h a d  only  re fe r re d  to  i t  as a tool to  p rove th a t  
th e i r  chem ical know ledge w as n o t com plete.

Stress Estimation not Practised.

M r. R. N . A v e l i n e  th o u g h t th e  la s t g en tlem an  
p u t  th e  case fo r th e  e n g in e er in  a  n u tsh e ll. So 
f a r  as e n g in e e rs  in  t h a t  d is t r ic t  w ere  concerned, 
w h a t th e y  re q u ire d  w as a u n ifo rm  s ta n d a rd  of 
q u a lity  in  th e  cas tin g s  supp lied , an d  th is  u n d e r 
very  d iffe ren t co n d itio n s from  th ose  of th e  o rd in a ry  
te n s ile  te s t .  H e  sugg ested  th a t  v e ry  few  en g in eers  
e v e r  w orked  o u t  s tre ss figures fo r cas t-iro n  p a r ts . 
I n  th e  case of au tom obile  cy linders , p rev ious 
desig n s w ere g en era lly  followed, and  th e  selection



of th e  m e ta l to  be em ployed w as n o t u su a lly  a re s u l t  
o f s tre ss  e s tim a tio n . B u t  he  cou ld  see M r. S h aw ’s 
p o in t w hen h e  sa id  th e  q u a lity  of th e  m eta l g o ing  
in to  th e  c a s tin g  w as th e  fa c to r  fo r th e  fo u n d ry m an  
to  keep  a  check  o n ; because  i t  w as su re ly  u n f a ir  
to  ex p ec t th e  fo u n d ry m an  to  p ro d u ce  cy lin d e rs  
g iv in g  en g in eers  th e  d esired  re s u lts  u n less h e  w as 
p e rfe c tly  su re  each  d ay  t h a t  h e  w as p u t t in g  in to  
th e  m ould  m e ta l of a  c e r ta in  com position . T he 
f irs t c y lin d e r of th e  b a tc h  m ig h t 'b e  p e rfe c tly  s a t is 
fa c to ry , b u t  M r. Shaw  h a d  show n th e m  t h a t  
a lth o u g h  th e  chem ical com position  of th e  iro n  
m ig h t be m ore o r less th e  sam e, th e  p h y sica l re su lts  
of th e  m e ta l m ig h t be  v ery  -d ifferen t, if  th e  m ix  
w ere  s lig h tly  a lte re d . H e  w ould  lik e  to  a sk  if  M r. 
S h aw ’s C o m m ittee  h a d  ex p erien ced  an y  d ifficu lty  in  
t r y in g  to  com prom ise  be tw een  e n g in e e rs ’ view s in  
cases of re sp o n s ib ility  fo r th e  d e s ig n  of such  p a r ts -  
as w ere  of a  w idely  d iffe rin g  n a tu re .  Of course, 
th e  s t re n g th  of .a s t r u c tu r e  such  as a  b r id g e  w as 
a c tu a lly  ca lcu la te d , w h e reas  t h a t  o f m an y  a u to 
m obile p a r ts  w as n o t .  W ith  r e g a rd  to  th e  size of 
t e s t  b a rs , th e r e  w as ju s t  o n e  d ifficulty , a n d  h e  w as 
n o t q u ite  c le a r how M r. Shaw  p roposed  to  overcom e 
i t.  T h is w as t h a t  if  th e y  w ere  h a v in g  a  m u lt i
p lic ity  o f sizes o f  t e s t  b a rs , w as i t  n o t g o in g  to  
co m p lica te  th e i r  te s t in g  e q u ip m e n t?  G ra n te d  a  
t ra n s v e rse  t e s t  on  m ost m ach in es  cou ld  be fa ir ly  
w ide, an d  m ost of th e  m ach in es could  accom m odate  
a  v a ry in g  sp an  a n d  v a ry in g  th ic k n e ss  o f th e  b a r ;  
in  a  te n s ile  te s t  i t  m u s t be a  q u estio n  o f som e 
difficu lty . F o r  ex am p le , if  m an y  t e s t  p ieces of 
th e  sec tion  w hich  M r. Shaw  h a d  show n— a ro u n d  
section  ab o u t 3 in . in  d ia m e te r—h a d  to  be  te s te d  
a long  w ith  th e  o rd in a ry  s ta n d a rd  sm all one , c e r ta in  
a d d it io n a l  lab o u r in  th e  te s t in g  d e p a r tm e n t  w ould  
be involved  in  ch an g in g  chucks a n d  jaw s  con
tin u o u s ly . C o nclud ing , M r. A veline  in q u ire d  h a d  
a n y th in g  f u r th e r  been  done re g a rd in g  th e  im p a c t 
t e s t  fo r c a s t  iro n . O ne h a d  re a d  o f f u r th e r  
e x p e rim e n ts  b e in g  c a r r ie d  o u t, a n d  t h a t  w ould 
c e r ta in ly  be a  d ire c tio n  in  w hich m ore  re sea rc h  w as 
necessary . So m an y  au to m o b ile  c a s tin g s  w ere  su b 
je s t  to  shock, a n d  p ro b ab ly  on t h a t  b asis  th e  
e n g in e er w ould find th e  m ost beneficia l re su lts  from  
a n y  s ta n d a rd ise d  fo rm  o f te s t .

M r . S h a w , c o m m e n t in g  o n  t h e s e  r e m a r k s ,  s a id  
t h e  s p e a k e r  w a s  r e l y i n g  o n  s o m e b o d y  e l s e ’s w o r k .

620
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T h e  firs t c y lin d e r m u st h av e  been  designed . W ere  
th ey  to  p lace  m ore v a lu e  on  th e  te s tin g  m achine 
th a n  on th e  s t re n g th  of th e  c a s tin g , th e y  m u st 
m ak e  a  te s t in g  m ach in e  do th e  job . As r e 
g a rd s  b ig  b a rs , i t  w as on ly  a  q u estio n  o f ta k in g  
th e  g r ip s  o u t, a n d  th ey  h ad  to  d o  t h a t  to  m ak e  a 
t e s t  a t  all. B u t  h e  w as su re  t h a t  so f a r  as C ov en try  
w as co ncerned  th is  q u estion  w as n o t a  serious one. 
Suppose th e y  h a d  a b ig  c a s tin g , w as i t  to  be m ark ed  
o u t a n d  m ach in ed  befo re  th e y  h a d  an y  id ea  of its  
c a p a b ili tie s?  Or if  th e y  h a d  a  £1 ,000 c as tin g  
m u st th e y  w a it  t i l l  th e y  p u t  th e  te a t  on  th e  
c a s tin g  b e fo re  th e y  could te ll  w h e th er th e  m eta l 
w as even su ita b le ?  T hey , as fo u n d ry m en , d id  
n o t m in d  w h a t te s t  w as em ployed so long as i t  was 
o ne  w hich  fo u n d ry m en  could m ake  u n d e r  p ro p e r 
conditions, a n d  th e  e n g in eer w ould accep t. T h a t 
w as w h a t th e y  w ere  o u t fo r. A s to  th e  im p ac t 
te s t ,  he  used  n o th in g  else, b u t  w h e th er i t  w as a 
good one or n o t he  w as s till  o pen  to  dou b t. H e  
u sed  a  F re n c h  one, w ith  a  d i re c t  d ro p  of |- i n .  a t  a  
tim e , b u t  w as n o t  a t  all su re  t h a t  on  som e m eta ls 
h e  o b ta in e d  re la tiv e  re su lts . O n some sem i-steels 
th e y  h a d  consecu tively  good re su lts , b u t  on  h a rd  
m eta ls  h e  w as n o t so sa tisfied . T hey  h a d  n o t fo u n d  
a n y  d e fin ite  d a ta  y e t.

Mr. B etsy ’s Contribution.
Since th e  m ee tin g  th e  fo llow ing  d a ta  h a s  been 

su p p lied  by  M r. B eeny to  M r. S h a w : —
The te s t-b a rs  m en tio n ed  w hich w ere ro u n d  w ere 

c a s t  v e r tic a lly  in  g reen  san d  in  sizes v a ry in g  from

(D2) 
diam. in ins. 

of bar a t 
fracture.

(W2) 
Transverse 

cwts. on 
selection.

(W,)
Transverse 
calculated 
to  1 sq. in.

0.510 2.261 24.65
0.630 4.500 25.81
0.755 8.125 27.09
0.897 12.50 24.84
1.021 18.38 24.77
1.148 26.50 25.13
1.284 34.00 23.03

0.5 in . u p  to  1{- in . d ia .,  tw o b a rs  b e in g  c a s t off 
e ach  size. O ne se t w as b ro k en  in  tra n sv e rse  
be tw een  12 in . c en tre s  w ith  th e  sk in  on , an d  gave
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th e  fo llow ing  re s u lts  fo r a  g ra d e  o f iro n  c o n ta in in g  
T .C . 3.56 p e r  c e n t .,  a n d  Si 1.39 p e r  cen t.

C e r ta in  of th e  re m a in in g  se t o f b a rs  w ere  
m ach in ed  dow n to  0.5 d ia ., a n d  b ro k en  in  t r a n s 
verse  u n d e r  th e  sam e c o n d itio n s  as be fo re .

(dt)
Dia. in  ins. 
of bar before 
machining.

(d.)
Dia. in ins. 
of bar after 
machining.

(W2)
Transverse 

cwts. on 
section.

(Wx)
Transverse 
calculated 

to  1 sq. in.

0.505 (not m achd.) 2.250 25.05
0.633 0.50 2.391 27.43
0.760 0.50 2.578 29.57
0.895 0.50 2.375 27.24
1.020 0.50 2.250 25.87
1.285 0.50 2.125 24.31

I t  w il l . be seen t h a t  a v e ry  fa ir  com p ariso n  is 
o b ta in e d  be tw een  th e  b a rs  b ro k e n  in  th e  v a r io u s  
sizes as c as t, a n d  th e  co rre sp o n d in g  b a rs  b ro k en  
a f te r  m ac h in in g  to  0.5 in . d ia .

T h e  q u estio n  ra is e d  co n ce rn ed  th e  m eth o d  of 
c a lc u la tin g  th e  v a lu es o b ta in e d  on b a rs  of v a rio u s  
sizes to  o ne  s ta n d a rd  a re a  of c ross-sec tio n . T he 
w r i te r  h a s  u sed  th e  fo llow ing fo rm u la  : —- 

d 3
Wx =  - i  .w ,

d 2
W h ere  V ,  =  T ra n sv e rse  v a lu e  in  cw ts o n  ro u n d  

b a r  h a v in g  a n  a re a  o f 1 sq. in . an d  
d ia . dj in . ( =  1.128 in .) .

W 2 =  T ran sv e rse  v a lu e  in  cw ts. o b ta in e d  
on  b a r  h a v in g  d ia . o f d 2 in .

T he c o n tr ib u to r  w ould be ob liged  if  th e  a u th o r  
could te ll  h im  w h e th e r  th is  confo rm s w ith  t h a t  
u sed  in  d ra w in g  u p  th e  sp ec ifica tio n  fo r  th e  t e s t 
in g  o f c a s t iron .

These b a rs  w ere a c tu a lly  c a s t in  v a r io u s  g ra d e s  
of fo u n d ry  iro n  in  o rd e r  to  s tu d y  th e  effect o f  d if 
f e r e n t  r a te s  of coo ling  u p o n  th e  m ic ro s tru c tu re  
a n d  physical p ro p e rtie s .

THE AUTHOR’S REPLY.
M r. Shaw  se n t t h e  fo llow ing  a n sw e r : —
T he fo rm u la  u sed  is q u ite  c o rre c t fo r  a  c o m p a ri

son o f d iffe re n t d ia m e te r  b a rs  te s te d  a t  th e  sam e 
c en tres . T he te s t  figu res fo rw a rd e d  a re  v e ry  in 
te re s t in g , b u t  lose some of th e ir  v a lu e  because th e
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v a r ia tio n  in  d ia m e te r  o f th e  b a rs  is n o t sufficient 
to  hav e  a  g r e a t  effect on  s tru c tu re .  I f  th e  b a rs  
h a d  r a n g e d  fro m  0 .5  to  3 in . d ia , h is re su its  w ould 
h av e  been  q u ite  d iffe re n t. I t  is  also e v id e n t fro m  
th e  re su lts  t h a t  th e  m e ta l w as su ita b le  fo r  th e  
m ed iu m  size b a r ,  a n d  so o ne  w ould n o t  ex p ec t 
m u ch  cooling  effect w ith  th e  5-16 in . in crease  of 
th e  d ia n ie te rs  e ith e r  w ay. T h e  e x p e rim e n ts  a re  
w o r th  re p e a tin g , u s in g  b a rs  v a ry in g  fro m  0.5 in . 
to  3 in . d ia .,  w ith  m eta ls  su itab le  fo r  each  size. 
T hen  he w ould find a  v a s t  d ifference  in  th e  re su lts  
w hen co m pared  w ith  th e  fo rm u la .

/
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Birmingham Branch.

A PATTERN SHOP TALK.

By G. E. Dicks.
I n  sp e a k in g  of th e  p a t t e r n  shop i t  is a lm ost 

n ecessa ry  to  r e fe r  to  th e  d ra w in g  office a n d  fo u n d ry  
a lso . T hese th r e e  d e p a r tm e n ts , w h ere  p a t t e r n s  a re  
concerned , shou ld  he  closely a llied , a n d  w ork  
to g e th e r  to  find th e  b e s t w ay  to  in c re ase  o u tp u t  and  
p ro d u ce  th e  b est c as tin g s .

T h e  d esig n er o f a n y  p a r t i c u la r  m ach in e , a f te r  p r e 
p a r in g  h is ro u g h  o u tlin e  a n d  d e ta ils ,  shou ld  co n fe r 
w ith  th e  h ead s of th e  fo u n d ry  a n d  p a t t e r n  shop 
b e fo re  f in ish in g  th e  d ra w in g . T h e ir  ad v ice  a t  
tim e s  e lim in a te s  m u ch  u n n e ce ssa ry  p a t te rn -  
m ak in g  a n d  sim plifies th e  w o rk  in  th e  fo u n d ry , 
th e  m ou lder a n d  p a tte rn m a k e r  can  w ork  o u t  th e i r  
ow n s a lv a t io n ; th is , as a  ru le , is a n  easy  m a t te r .  
F ro m  p e rso n a l ex p erien ce  th e  fo u n d ry  w ill a lw ays 
co -o p era te  to  a t t a in  th e  b e s t possib le  p ro d u c tiv e  
re su lts .

T h e  d ra u g h ts m a n  is n o t  in  so close to u c h  w ith  
th e  fo u n d ry  as th e  p a t te rn m a k e r ,  a n d  how ever 
good he  m ig h t be  in  h is ow n lin e , i t  is  th e  m o u ld er 
who h as to  p ro d u c e  th e  c a s tin g s  re q u ire d . 
N u m ero u s d ifficu lties can  be  overcom e w ith o u t  an y  
loss of d ig n ity  on e i th e r  s ide  by  c o n su lta tio n .

A ll p a tte rn m a k e rs  shou ld  h a v e  a  te c h n ic a l know 
ledge  o f m ao h in e  d ra w in g  a n d  c o n s tru c tio n , 
to g e th e r  w ith  som e p ra c t ic a l  t r a in in g  in  fo u n d ry  
w ork. I f  th e i r  id eas of th e  f u tu r e  do n o t  c a r ry  
th e m  beyond  b e in g  a  p a t te rn m a k e r  a ll th e i r  lives, 
th e y  should  a t  le a s t h av e  se lf-re sp e c t en o u g h  to  
t r y  to  be  a  first-class p a tte rn m a k e r .  I t  is hoped  
th e  p re se n t  tim e  a p a th y  is o n ly  a  p a ss in g  p h ase , 
t h a t  th e  y o u n g e r m en  w ill v a lu e  th e  m an y  a d v a n 
ta g e s  g a in e d  b y  know ledge, a n d  m ak e  ev ery  possib le 
sacrifice to  co llect i t .  T h ey  w ill find la t e r  t h a t  in  
one th in g  a lone  th e y  w ill b e  am p ly  re p a id , an d  
t h a t  is in  h a v in g  th e  p le a su re  a n d  s a t is fa c tio n  of 
b e in g  “  on  th e  to p  of th e i r  jo b .”
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T he fo rem an  an d  em ployer have, o f course, th e i r  
re sp o n s ib ilitie s  also to w ard s  th ese  young  m en, th e  
fo rem an  in  n o t on ly  ex p la in in g  how to  do th e  w ork, 
b u t  also  g iv in g  a  reason  why i t  shou ld  be done 
in  an y  p a r t ic u la r  w ay. A p a t t e r n  shop fo rem an  
a lw ays h as p le n ty  to  do, an d  h is m ain  job  is to  ge t 
o u t  th e  w o rk ; b u t  s till , h e  should  rem em ber t h a t  
a  l i t t le  e x tr a  t im e  sp e n t on h is  y o u n g e r h an d s 
will be well re p a id  la te r ,  b o th  to  h im self an d  h is 
em ployer.

I n  o ne  recent_ case a  y o u th  w as g iven  a  job, 
which, u n d e r  o rd in a ry  c ircu m stan ces , a m an  would 
h av e  d o n e ; w ith  a  l i t t le  su p erv isio n  i t  w as com
p le te d  to  ev ery o n e ’s sa tis fa c tio n .

All p a tte rn m a k e rs  should  n o t only  be ab le  to 
read  b lu e  p r in ts  qu ick ly , b u t  should  have  a  c lear 
v ision  of th e  finished job  b e fo re  s ta r t in g  on  th e  
w o rk ; a few h o u rs  sp e n t in  th o ro u g h ly  g rasp in g  
a ll d e ta ils  w ill save m uch la te r  w orry  an d  an x ie ty  
T h is , o f course, re fe rs  to  la rg e r  w ork  t h a t  m ay 
ta k e  th re e  to  fo u r  w eeks to  com plete.

Selection of Timber.
A ju d ic io u s  se lection  of t im b e r  fo r  v a rio u s  k in d s 

o f jobs is  n e c e s sa ry ; q u ite  common p in e , o r  even 
sp ru ce , is  good enough  fo r  m an y  jobs, b u t  in  every  
ease i t  should  be  well seasoned. U sually  fo r  la rg e  
a n d  m ed iu m  size p a t te rn s  p in e  is u s e d ; if  th e  t im 
b e r is p ro p e rly  seasoned  i t  is th e  b e s t a n d  sa fes t 
wood fo r p a t te rn  w ork. F o r  sm all s ta n d a rd  p a tte rn s  
m ah o g an y  h a s  lo n g  h e ld  f irs t p la c e ; i t  is  l ig h t, 
easily  w orked  an d  g iv es a good, sm ooth  su rfa ce  
when fin ished. U n fo r tu n a te ly  i ts  u se  is som ew hat 
r e s tr ic te d  by  i t s  cost, b u t  i t  is  th e  id ea l wood fo r 
p a t te rn s  t h a t  re q u ire  sk ilfu l h an d iw o rk . Q u ite  a 
n u m b er of th e  h a rd e r  woods from  tim e  to  t im e  have  
been  tr ie d ,  such  as ap p le , ch erry , w hitew ood, an d  
b irch , h u t  in  each  case th e re  is a  ten d e n cy  to  w arn , 
a lth o u g h  a  good fin ish  can  b e  o b ta in e d . The 
n e a re s t  a p p ro ach  to  m ah o g an y  is ced ar, w hich is 
eas ily  w orked , b u t  o f a m uch  so f te r  n a tu r e  th a n  
m ah o g an y .

Built-up Jobs.
I n  b u ilt-u p  jobs m ore  c o n sid e ra tio n  should be 

g iv en  by th e  m en them selves to  th e  th ick n ess  of 
th e  wood, an d  to  th e  n u m b er of b a tte n s  neces
s a r y ,  as i t  w i l l  o f t e n  b e  fo u n d  t h a t  i n t e r n a l
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s tre n g th e n in g  r ib s  a re  tw ice  th e  th ic k n e ss  
re q u ire d , m ak in g  th e  job  m u ch  m ore  e x p en s iv e  
a n d  h e a v ie r  to  h a n d le . G lue shou ld  be u sed  s p a r 
in g ly  in  th e  p a t t e r n  shop a n d  w ith  d isc re tio n . 
F o r  seg m en t w ork i t  is e sse n tia l , b u t  w h ere  th e re  
is a  p o ss ib ility  o f a n y  a l te ra t io n  in  th e  f u tu r e  to  
a  p a t t e r n  i t  should  b e  avo ided . A th in  c o a tin g  of 
she llac  v a rn is h  will m ak e  a  good jo in t ,  w ith  th e  
a d v a n ta g e  t h a t  on  p a r t in g  th e  jo in ts  w ill n o t 
t e a r  th e  wood v e ry  m uch . T h is  allow s fo r  any  
a l te ra t io n  t h a t  m ay  be re q u ire d  to  th e  p a t te rn .  
Too m an y  n a ils  a re  o f te n  used , m a k in g  a n y  f u tu r e  
a l te ra t io n  som ew hat exp en siv e . I t  is  f a r  b e t te r  
to  use screw s w h erev er possible. Screw s, th o u g h  
less econom ical th a n  n a ils , m ak e  a  m u ch  so u n d e r 
job , a n d  can  eas ily  be  rem oved  w hen  a lte ra t io n s  
h a v e  to  be m ade .

I t  w ould seem  u n n ecessa ry  to  r e fe r  to  th e  fillet
in g  of c o rn e rs ;  p a tte rn m a k e rs  a re  so m uch  a w are  of 
th e  n ecessity  o f th is , b u t  do  th e y  p u t  t h e i r  know-

J |a j j
-4

F i g .  1 s h o w s  a  T e e - p i e c e ,  A n g l e ,  
a n d  F i l l e t  R u b b e r .

ledge to  a c tu a l  u se?  In  m an y  cases th e  fillets 
a re  le f t  o u t  no  d o u b t fo r  th e  m o u ld er 
to  p a re , a n d  fo r  h im  to  m ak e  th e m  a n y  size  h e  
c a re s  to . R e fe re n ce  is  n o t  m ad e  o n ly  to  sim ple  
fille ts in  c o rn ers , b u t  also to  sp ec ia l p ip es , te e  
pieces, e tc . T h e  c o rn e rs  m ay  be fille ted  u p o n  th e  
p a t te rn ,  b u t  th e  cores, b e in g  s tru c k  u p o n  a  p la te , 
a re  b u t te d  to g e th e r  a n d  th e  co rn ers  le f t  sh a rp . 
F ig . 1 show s a  te e  p iece, a n g le  a n d  fille t-ru b b e r 
t r e a te d  in  th is  m an n e r .

E v en  w ith  th e  o rd in a ry  fille ts a t  a  c o m e r p laced  
th e r e  by  a  p a t te rn m a k e r ,  th e y  a r e  o f te n  e ith e r  
too  sm all o r  f la t. A fille t sho u ld  in  m o st cases 
in c lin e  m ore  to  th e  th in n e r  sec tio n , as is show n 
in  F ig . 1. A very u se fu l fille t ru b b e r  is a lso
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sh o w n ; i t  h a s  a  h a n d le  screw ed a t  th e  bottom  to  
ta k e  v a rio u s  cups, to  s u i t  d i f f e r e n t 'r a d i i ; th is  
is fo r le a th e r  fillets from  i  to  f  in .

Taper.
T a p e r  is o f te n  a  so re  su b je c t betw een p a tte rn  

shop an d  fo u n d ry , a n d  on th is  on e  p o in t alone 
bo th  w ith  p a t te rn s  a n d  core p r in ts ,  a  good p a t t e r n 
m ak e r w ith  ju d g m e n t is an  asset, a n d  h e  m ay 
be ex p ec ted  to  g ive  a  c o rre c t an g le  betw een th e  
45 deg. th e  fo u n d ry  asks fo r a n d  th e  90 deg. 
u su a lly  g iven .

m'
... 8-0'
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F ig . 2 show s a B e d p la t e , B r a c k e t  and 
C h a n n e l .

Splitting Patterns.
T he sp l i t t in g  of p a t te rn s  is  a n o th e r d e b a tab le  

p o in t. T h e  id ea l p a t t e rn  is, o f course, th e  one 
t h a t  is s p l i t  r ig h t  a lo n g  th e  p a r t in g  line , no  
m a t te r  how ir re g u la r  t h a t  m ay  be. T his is seldom 
possib le, b u t  a  p a tte rn m a k e r  should  rem em ber 
t h a t  th is  is th e  idea l, and  i t  is so m eth in g  betw een 
t h a t  an d  th e  solid p a t t e rn  w hich is co rre c t, ta k in g  
in to  co n sid e ra tio n  th e  design , n u m b er off, e tc .
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Contraction.
C o n tra c tio n  is a n o th e r  su b je c t w hen th e  p a t t e rn 

m ak e r of ju d g m e n t com es in to  h is ow n. How 
o f te n  do  we h e a r , “  B u t  I  w orked  to  th e  c o n tra c 
tio n  r u le ,”  in  a to n e  t h a t  im plies i t  is th e  b eg in 
n in g  a n d  end  of all th in g s . E v en  a p la in  p la te , 
say  1 in . th ic k , w here  everyone  would ag ree  (if 
d iscussed  a t  all) t h a t  th e  th ick n ess  would g a in , 
is m ad e  to  th e  c o n tra c tio n  ru le , w hen th e  p a t te rn  
should  be  a t  le a s t  1-32 in . u n dersize .

W hen  c a s tin g s  a re  m ad e  from  p a tte rn  p la te s  
a n d  th ese  h a v e  i i r  t u r n  beep m ad e  from  iro n 
m aste rs , th e  necessity  of ju d g m e n t is even m ore 
e s s e n tia l ; an d  fo r m an y  cas tin g s, such as stove, 
g r a te  a n d  e lec tr ica l w ork, say  3-16 in . th ic k , th e  
m as te rs , if m ad e  from  ro lled  p la te  m eta l, should 
be 1-32 in . less to  allow fo r th e  g a in  t h a t  tak e s  
place.

I n  d ea lin g  w ith  la rg e r  cas tin g s th e  size and  
sh ap e  m u s t be  considered  in  m ak in g  co n trac tio n  
allow ances, a n d  th e  follow ing i l lu s tra tio n s  will, 
no d o u b t, be in te re s t in g .

T h e  to p  d ia g ra m  o f F ig . 2 show s a la rg e  b ed  
p la te , a p p ro x im a te ly  12 f t .  long, th e  m a in  square  
p o rtio n  b e in g  8 f t .  x 8 f t . ,  w ith  long p ro je c tin g  
a rm s on each  side e x te n d in g  o u t 4 f t . ,  these  arm s 
b e in g  1 f t .  6 in . w ide. P a t te rn m a k e r s  would allow 
th e  o rd in a ry  c o n tra c tio n , say , 1-10 in . p e r  f t .  on 
th e  m ain  p o rtio n , 8 f t .  sq u are , b u t  be tw een  th e  
a rm s a t  th e  e x tre m e  end  th e re  is 5 f t. of sand . 
T h is d im ension  should  be m ade to  th e  s ta n d a rd  
ru le , a n d  g ra d u a lly  d ie  back in to  th e  m ain  body 
o f th e  p a t te rn .  A t th ese  p o in ts  th e re  is no m eta l 
to  c o n tra c t,  a n d  in  th e  cooling of th e  ca s tin g  th e  
ten d en cy  is to  fo rce  th e  a rm s o u tw ard s .

In  th e  case o f a la rg e  double  b ra ck e t, w here th e  
i r re g u la r  in te rn a l  r ib  an d  b e ad in g  a re  of a sim ila r 
section  to  th e  sides, one would ex p ec t th e  fu ll 
c o n tra c tio n  to  ta k e  p lace  a long  th e  s t r a ig h t  p o rtio n  
a t  th e  to p  of th e  b ra ck e t, b u t  w here th e  rib s  jo in  
th e  sides a t  th e  b o tto m  th e  i r re g u la r  shape causes 
p a r t ia l  c o n tra c tio n , an d  i t  will be fo u n d  advisable  
to  allow only  h a lf  th e  u su a l c o n tra c tio n  on th is  
d im ension .

W ith  th e  chan n e l show n in  F ig . 2 a s im ila r  ac tio n  
ta k e s  p lace, an d  should  th e  flanges be  ve ry  deep 
th e re  would probab ly  be  »no c o n tra c tio n  a t  all. In
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fa c t,  th e  cooling  o f th e  m e ta l in  th is  case m ig h t 
h av e  a ten d e n cy  fo r  th e  flanges to  in c lin e  o u tw a rd s .

F o r  some y e a rs  th e  a u th o r  w as e n g ag e d  w ith  a 
w ell-know n firm  o f lig h th o u se  en g in eers , th e  on ly  
firm  t h a t  m a n u fa c tu re  th e  co m p le te  s t r u c tu r e  fro m  
th e  b ase  to  th e  w e a th e rv an e , w ith  th e  ex ce p tio n  
of a n y  m aso n ry  w o rk ; th is ,  of course , b e in g  a 
se p a ra te  b ra n c h  of e n g in e e r in g . T he to w ers  of 
lig h th o u se s  a re  c o n s tru c te d  p r in c ip a lly  o f c a s t  
iro n . F ro m  a  p a tte rn m a k in g  p o in t  o f view , th is  
k in d  of w ork  is v e ry  in te re s t in g . I t  is p ro p o sed  
to  i l lu s t r a te  som e m eth o d s o f th e  c o n s tru c tio n  and  
m a rk in g  o u t  som e of t h e  p r in c ip a l  p a t te rn s ,  such  
as th e  d iam o n d  fram e , t o p  c a r r ia g e ,  a n d  th e  
p e cu lia r  sh ape  rack s.

T h e  d iam o n d  f r a m e  show n in  F ig . 3 fo rm s th e  
o u ts id e  fram e w o rk  of th e  la n te rn ,  a n d  is  f itte d  
w ith  p la in  g lass. T h is  a c ts  a s a  p ro te c tio n  
ch am b er fo r  th e  o p tic a l a p p a ra tu s .

T h e  h e lica l fram ew o rk  (F ig . 4) is c o n s tru c te d  in  
sec tions, th e  n u m b er v a ry in g  acco rd in g  to  th e  d ia 
m e te r  of th e  la n te rn .  I t  is, o f course , o n ly  neces
sa ry  to  m ake one section  fo r t h e  p a t t e rn .  T h is is 
b u i l t  u p  on  a  ra m m in g  b o a rd  A. T h e  o u ts id e  d ia 
m e te r  of th e  f ra m e  ra d iu s  B is s tru c k  to  s ta n d a rd  
ru le . T he o u tlin e  of th e  p a t t e rn  is th e n  m a rk e d

F ig . 4.— H elic a l  F r a m ew o r k  fo r  
L ig h t h o u s e  C o n s t r u c t io n .

o u t on th e  b o a rd , a lso  to  s ta n d a r d  ru le , a lo n g  th e  
s tr ip s  in  th e  d irec tio n s  show n by th e  a rro w  m ark s , 
th e  c o n tra c tio n  b e in g  ad d ed . T he o u tlin e  is a g a in  
m ark e d  to  th e  new  p o in ts  fo u n d , th is  g iv es th e  
sh ap e  a n d  c o rre c t le n g th  fo r th e  p a t te rn .
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T h e  p a t t e r n  b e in g  in  s tr ip s  a n d  fra g ile  is m ade 
o f m ah o g an y  in  s h o r t  len g th s , d o v e ta iled  in  
one a n o th e r , each  p a r t  b e in g  dow elled in  p o sition  
on th e  block b e fo re  c u tt in g  to  s h a p e ; th is  p o rtio n  
of th e  p a t t e r n  is fin ished, a n d  fo rm s th e  p a r t  t h a t  
is in  th e  d ra g .

T he s t r ip s  C, which ru n  th e  whole len g th  of th e  
p a t te rn ,  a re  also m ad e  loose a n d  in  sh o rt  leng th s, 
f i tte d  w ith  sockets t h a t  m a tc h  th e  co rrespond ing  
dowels in  th e  f ram e . T h e  s t r ip s  O a re  p laced  in  
p o sitio n  on  th e  p a t t e rn  a f te r  th e  d ra g  is  ram m ed  
a n d  th e  block rem oved . T he sec tion  o f th e  fram e

follows th e  ra d iu s , an d , loo k in g  a lo n g  th e  s tr ip s  
h a s  an  e lo n g a ted  screw f o rm a t io n ; th is  is  th e  
re aso n  th e  f ra m e  is m ad e  in  p a r ts ,  so t h a t  each  
c an  be d raw n  s e p a ra te ly  from  th e  m ould. As th e  
fu ll  c o n tra c tio n  on ly  ta k e s  p lace a lo n g  th e  len g th  
o f  th e  s tr ip s , th e  h o riz o n ta l on e  fo rm in g  th e  to p  
r im  h a s  to  be  se t  s lig h tly  inw ard s, as th e  f ra m e  is 
o n ly  co n n ec ted  in  th e  c en tre .

A  re c e n t  in v e n tio n  consists of a n  a r ra n g e 
m e n t called  th e  l ig h t  v a lv e  fo r u n a tte n d e d  
lig h ts . T h is  h as re ce n tly  'been p a te n te d  by  M essrs. 
C h an ce  B ro th e rs  & C om pany , L im ite d . I t  is 
affected  b y  th e  d ay lig h t, an d  a t  p re se n t  used  fo r  
a ce ty le n e  lig h ts . I t  o p e ra te s  a valve  w hich sh u ts  
off th e  gas in  d ay tim e, a n d  allows th e  gas to  pass 
free ly  a t  n ig h t,  a  sm all b ypass, of course, con
t in u a l ly  b u rn in g . T his ac tio n  is caused  by tw o 
sm all g lass b u lb s  connec ted , each  be in g  half-filled  
w ith  e th e r ;  o ne  of th e  bu lbs has a c o a t o f  b lack , 
th e  o th e r  c lear. T he l ig h t’s ra y s  on th e  b lack  
b u lb  causes h e a t , which ra ises  th e  e th e r , fo rc in g
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i t  in to  th e  c le a r  bu lb . T h is  o v e rb a lan ces  th e  lever, 
so s h u t t in g  off th e  g as, a n d  a t  n ig h t  th e  re v e rse  
a c tio n  ta k e s  p lace, and. allows th e  g a s  to  pass  f re e  
to  be a g a in  ig n ite d  by th e  sm all b y p a ss  flam e.

Top Carriage.
W ith  th e  to p  c a r r ia g e s  (F ig . 5) th e se  a r e  m ade  

u p  of fo u r, six  o r  e ig h t  seg m en t c a s tin g s , acco rd 
ing  to  th e  d ia m e te r  of l ig h t  re q u ire d . T h is p a t t e r n  
is b u ilt  u p  w ith  tw o  row s o f seg m en ts , one a t  th e  
f r o n t  a n d  one to- fo rm  th e  t a p e r  of th e  p r in t .  T he 
to p  a n d  b o tto m  p la te s  a re  le t  in , th e se  b e in g  sec
tio n a l  p ieces of wood r a d ia t in g  to  th e  c e n tre , th u s  
a d d in g  to  th e  r ig id i ty  a n d  p re v e n tin g  a n y  w a rp in g  
like ly  to  ta k e  p lace. T he b e a d in g  A is m ad e  loose 
in  tw o  o r  th r e e  p a r ts ,  to  b e  d ra w n  in  a f te r  th e  
m ain  body p a t t e r n  is  rem oved  from  th e  m ould . 
T he .cores B a re  fo r  in sp ec tio n  h o le s ; th e s e  holes 
h av e  a sm all b e a d in g  ro u n d . T hese  cores a re  
p laced  in  p o sitio n  b e fo re  th e  m ain  core  C. I f  th e  
c a r r ia g e  is of a  l ig h t  ty p e  d esig n  a n d  n o t  v ery  
d eep  th e  whole f r o n t  -panel o f t h e  p a t t e rn ,  in  tw o 
o r  m ore  p a r ts ,  is m ad e  loose a n d  d ra w n  a f te rw a rd s .

In  th is  case  th e  cores B w ill n o t  be  re q u ire d . I n  
s e t t in g  o u t  a f te r  th e  seg m en t is b u i l t  u p  in  i t s  
ro u g h  s ta te  a n d  p lan e d  to  th e  p ro p e r  d e p th , ta k in g  
th e  ex am p le  c ited , th e  o u ts id e  d ia m e te r  b e in g  
8 f t .  an d  th e  in s id e  6 f t . ,  th e  3 -ft. r a d iu s  o f  th e  
in n e r  c irc le  is -struck to  s tan d ard , ru le , th e  w id th  
of th e  segm en t, 1 f t . ,  is m ark e d  off by c o n tra c tio n
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ru le , s e t t in g  th e  tra m m e ls  an d  m a in ta in in g  th e  
sam e c e n tre  th e  c u rv e  is d raw n , th en  on th e  in n er 
c irc le  to  th e  s ta n d a rd  ru le  p o in ts  D an d  E  a re  
fo u n d , e q u a lly  on  e ac h  side o f th e  c e n tre  line . 
F ro m  th ese  p o in ts  r a d ia t in g  lines a re  d raw n , 
c u tt in g  th e  o u te r  c irc le  a t  F  an d  G. N e x t a  cord  
lin e  is d ra w n  th ro u g h  p o in ts  D an d  E . A nd th e  
c o n tra c t io n  is ad d ed  on  th is  cord  on  each  side, 
an d  p a ra lle l  lin e s  a re  d raw n  to  th e  r a d ia t in g  lines. 
T h is gives th e  c o n tra c tio n  on  th e  len g th  of th e  
p a t t e rn .  F ro m  p e rso n a l ex p erien ce  o f p a t te rn s  of 
th is  o r s im ila r  designs, v e ry  l i t t le  perce ivab le  
a l te r a t io n  o f th e  c u rv es  tak e s  p la c e ; if  an y th in g , 
th e  o u te r  d ia m e te r  o f th e  seg m en t h a s  a  ten d en cy  
a t  th e  e x tre m e  p o in ts  to  o pen  o u t, an d  th is  m ethod  
o f s e t t in g  o u t  gav e  th e  b e s t re su lt.

Cornice and Gutter.
W ith  th e  corn ices a n d  g u t te r s  o f th e  la n te rn  

th e re  is a v ery  ir re g u la r  sec tion  to  deal w ith , be ing  
in  m ost cases of a n  o rn a m e n ta l d e sign . The 
p a tte rn  is m ade  in  hardw ood  on a ra m m in g  block. 
T he reaso n  fo r th is  is t h a t  lig h th o u ses a re  of 
v a rio u s designs, an d  v ery  seldom  can  th e  p a t te rn  
be u tilise d  a g a in . I f  re q u ire d  fo r re p e tit io n  w ork, 
o f co u rse , th e  p a t t e r n  would be  m ade o f iron . 
W ork  s im ila r  to  th is  re q u ire s  c a re  in  a d d in g  th e  
necessa ry  c o n tra c tio n . F ig . 6 shows an  o rn a m e n ta l 
g u t te r .  T h is  was s e t  o u t  fro m  th e  d raw in g  exac tly  
fu ll size to  th e  s ta n d a rd  ru le , th e  v e r tic a l line  A, B 
is draw rn, an d  th e  lin e  A C a t  r ig h t  ang les to  i t .  
A se ries  o f  p o in ts , 1, 2, 3, 4, e tc ., a re  m ark ed  on
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th e  m ain  fe a tu re s  o f th e  sec tion , a n d  lin e s  a re  
d ra w n  ra d ia t in g  to  th e  p o in t  A. T hese  lin e s  a re  
m easu red  w ith  th e  s ta n d a rd  ru le  an d  th e  c o n tra c 
t io n  ad d ed . I t .  will he  n o tic e d  th e  d o tte d  l in e  
g iv es t h e  e x a c t o u tlin e  fo r th e  p a t t e rn .  I f  th is  
m e th o d  be a d o p te d  fo r  a d d in g  c o n tra c t io n  to  
i r re g u la r  w ork  of th is  d e sc rip tio n  m an y  a n x ie tie s  
w ill be  overcom e in  th e  p a t t e r n  shop.

F i r s t  o rd e r q u a d ru p le  flash ing , l ig h t  flash  eq u a l 
to  400,000 cand les , g iv es fo u r  flashes in  qu ick  
succession every  15 seconds.

F i g . 8 .— D e t a il  o f  t h e  R a c k  P a t t e r n .

T h e  w e ig h t of th e  lenses, w ith  ta b le , e tc .,  
rev o lv in g  in  th e  b a th  o f  m erc u ry  is 4 to ns.

R acks.
The g u n m e ta l ra ck s  o f th e  flash in g  a p p a r a tu s  

c a r ry  a n d  s u p p o r t  th e  r e f r a c to r  a n d  re fle c tin g  
p rism s, some of w hich r u n  v e r tic a lly  th ro u g h  th e  
lig h t, a n d  o th e rs  a t  d iffe re n t a n g le s ; th e  l a t t e r  
a re  te rm e d  p ro jec tio n  ra ck s . I n  m an y  cases th e re  
a re  tw e n ty  p rism -sh ap e  holes. T h e  p a tte rn m a k e r  
w orks fro m  a  t ra c in g , w hich  g ives th e  o u tlin e  a n d  
p o sitio n  of th e  holes w hen c a s t  (F ig . 7), a n  allow 
a n ce  of 2m m . a ll ro u n d  fo r fix ing  th e  g lass  p rism s 
in p la s te r  is g iven . Som e ra ck s  a re  so lid , and  
o th e rs  a re  l ig h te n ed  o u t. D e a lin g  w ith  th e  la t t e r ,  
th ese  a re  g e n era lly  r ig h t-  a n d  le f t-h a n d e d , so th ey  
can  be  m ad e  in  p a irs . T he backs a re  a p p ro x im a te ly  
3-32 in . th ic k , s tre n g th e n e d  up  to  f  in . by  m eans 
of r ib s  a ro u n d  th e  r im  a n d  b a rs  be tw een  a l t e r n a 
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t iv e  holes. T he c o n tra c tio n  o f these  rack s  has 
g iv en  co n sid erab le  tro u b le  on  occasion, b u t  i t  was 
successfu lly  overcom e by th e  fo llow ing m eth o d  of 
s e t t in g  o u t.

F i g . 9.— P u l l e t  P la te  P a t t e r n .

W ith  a  p a ir  of rack s th e  backs a re  p lan ed  to  th e
3-32 in . th ic k , a n d  ta c k e d  to g e th e r  by sm all panel 
p ins. T h e  t r a c in g  is p laced  o n  t o p ; th e  o u tlin e  
is p rick e d  th ro u g h . O n rem o v in g  th e  t r a c in g  th e  
o u tlin e  is d raw n  w ith  pencil, an d  th ro u g h  th e  
c e n tre  o f  th e  ra c k  a  lin e  is d raw n , s tr ik in g  each

t h e  P u l l e y  P a t t e r n .

c e n tre  p o in t  o f th e  holes. T h is  is th e  co n stru c tio n  
lin e , on  w hich is ad d ed  th e  c o n tra c tio n , w orking 
from  th e  c e n tre  o f th e  ra c k , f irs t to  th e  r ig h t  an d  
th e n  to  th e  le f t .  T h e  p o in ts  now fo u n d  g ive  th e  
p o sitio n  to  m a rk  th e  holes on th e  p a t te rn .  These 
holes a re  c u t  sq u a re  th ro u g h , ta p e r  being  c u t a f te r
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'sep a ra tio n . T he s tre n g th e n in g  rib s  a ro u n d  th e  
r im  an d  b a rs  a re  ad d ed  on re v erse  sides o f th e  
p la te s , th u s  m ak in g  th em  r ig h t-  a n d  le f t-h a n d e d

( F ig ' 8 ) ' ■ • , ,S p e a k in g  on  c o n tra c tio n , i t  is to  be  c le a rly
u n d e rs to o d  t h a t  i t  is n o t  th e  a u th o r ’s in te n t io n  
to  e n u n c ia te  a n y  fixed m eth o d s of s e t t in g  o u t 
Work. M a n y  p o in ts  m u s t be ta k e n  in to  c o n sid e ra 
t io n  by th e  p a tte rn m a k e r .

M e ta l p a t te rn m a k in g  is n o t a  d is t in c t  t r a d e — 
p ra c tic a lly  th e  sam e know ledge  is re q u ire d  as in 
wood p a tte rn m a k in g . P a t t e r n  p la te s  h a v e  been  
in  e x is te n ce  fo r  a long  tim e , b u t  h a v e  in creased  
d u r in g  re c e n t  y e a rs  o w ing  to  th e  d e m a n d  fo r  c a s t
in g s of a  re p e tit io n  c h a ra c te r .  M a n y  a d v a n ta g e s  
a re  g a in e d  by m e ta l o ver w o o d ; th e  m e ta l does

F i g .  1 1 . — W o o d  P u l l e y  P l a t e  P a t t e e n .

Metal Patternmaking.

n o t w arp , n e ith e r  a re  th e  d im en sio n s se riously  
a ffected  by th e  a tm o sp h e ric  co n d itio n s , a n d  w ith  
care , end less n u m b er of e a s tin g s  c a n  be  m ad e  from  
p la te s . W ith  p a tte rn -p la te s ,  th e  jo in ts  and  
ru n n e rs  ¿Ti'e a lre ad y  fo rm ed , th u s  sa v in g  th e  o p e ra 
t io n  in  th e  fo u n d ry . I f  i t  is  decided  to  h a v e  a 
p a t t e r n  p la te  i t  is e sse n tia l t h a t  th e  w o rk m an 
sh ip  should  be  of th e  best. T h e  d esign  gov ern s 
th e  class o f p la te  to  c o n s tru c t,  e ith e r  an  a ll-cast, 
rev ers ib le , p la in , tu rn o v e r ,  oa- s t r ip p in g  p la te . 
W here  a p la te  is used  o n  a m o u ld in g  m ach in e  i t  is 
ad v isab le  to  be a t  le a s t  f  in . th ic k , an d  if  a 
wood p la te  is used, w hich  is  som etim es th e  case, 
th e  p la te  shou ld  be  in . t h i c k ; th is  sh o u ld  bp
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th e  m in im u m  to  p re v e n t sp r in g in g  w hen be ing  
ram m ed . All p la te s  need  a t te n tio n  a f te r  u sing , 
a n d  should  be th o ro u g h ly  c leaned  an d  d ried  be fo re  
p lac in g  in  th e  sto res. Som e s ta n d a rd  should  bo 
observed  be tw een  p a t te rn  p la te s  an d  m ou ld ing  
boxes to  su it  th e  g en era l re q u ire m e n ts  of th e  p a r 
t ic u la r  fo u n d ry , b u t  th is  should  n o t in te r fe re  if 
o u tp u t  is to  be m a in ta in e d . A lth o u g h  p a tte rn  
p la te s  a re  n o t by a n y  m eans a  new  m ethod  fo r p ro 
d u c tio n , th e r e  is c e r ta in ly  g re a t  room  fo r ex ten -

F i g .  1 1 a .— T h e  S t r i p p i n g  A c t i o n  o p  F i g .  1 1 .

sion in  th is  c o u n try  if  we a re  to  m ee t th e  fo reign  
co m p etitio n . M oney sp e n t on  th e  in s ta lla tio n  of 
p la n t ,  such  a s  m o u ld in g  m achines, p a t te rn  p la te s  
a n d  s u ita b le  boxes, w ill n o t  be  r e g re t te d ,  if th e  
u l t im a te  re s u l t  is th e  re g a in in g  o f a  la rg e  p ro 
p o rtio n  of th e  w orld’s tra d e .

Pulley Plate.
Tw o p a t t e r n  p la te s  re ce n tly  com pleted  by th e  

au th o fr’s firm  no d o u b t w ill be  In te re s t in g , 
a lth o u g h  n o th in g  is c la im ed  as novel in  th e i r  con
s tru c tio n  ; b o th  a re  pu lley  p a t te rn  p la tes . _ T he 
f irs t  (F ig . 9) is a sm all sash  p u lley , 1£ in . d ia . by 
\  in . w ide, an d  on  th is  p la te  a re  40 h a lf-p a tte rn s . 
T h e  p la te  can  be  te rm e d  a  com bined s tr ip p in g  an d  
p a t te rn  p la te . E ach  row  of th e  g u n -m eta l p a t 
te r n s  revo lves on a  sp ind le  ru n n in g  th e  w id th  of 
th e  p la te  in  a  h a lf-ro u n d  groove. On each end 
th e re  »is a lev e r to  revo lve th e  p a t te rn s  o u t  o f th e  
m ou ld  a f te r  ra m m in g . T he sp ind les a c t as core
p r in ts ,  b e in g  th e  d ia m e te r  of th e  holes req u ired  ; 
a ro u n d  each  h a lf -p a tte rn  th e  u su a l w hite-m etal
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jo in t  is ru n , holes b e in g  c a s t  w ith  a  d o v e ta iled  
s lo t in  th e  p la te s . T h is holds th e  m e ta l secure ly  
in  p o sitio n . T ops a n d  d ra g s  a re  ra m m ed  fro m  
th e  sam e p la te , re v e rs in g  th e  to p  w hen closing  on. 
F ig . 10 show s th e  s tr ip p in g  a c tio n .

Wood Pulley Plate.
F ig . 11 shows a n  8 -in . p u lley  p la te .  I t  is m ad e  

on s im ila r  lin e s  to  th e  sm alle r p u lley , b u t  in  th is  
case b o th  p a t te rn s  an d  p la te  a re  o f  wood, th e  
p la te  b e in g  I f  in . th ic k , w hich  sh o u ld  be  th e  
m in im um . T h e  sam e  m eth o d  o f m o u ld in g  is

cr IJ
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F i g . 12.— -Se g m e n t  J i g . 

a d o p te d , b o th  to p  a n d  d ra g s  b e in g  ra m m ed  off th e  
sam e sid e  o f  th e  p la te . T h e  only  d ifference  is 
t h a t  in s tea d  of lev e rs to  d raw  th e  p a t te rn s  a 
stee l h a n d le  is a tta c h e d  to  th e  c e n tre  h a lf -p a t te rn  
a t  th e  ba<ck. B y  th is  h a n d le  th e  m o u ld e r s lig h tly  
revo lves th e  p a t te rn s ,  th e n  c o m p le tin g  th e  d raw  
by h a n d lin g  th e  p a t te rn s .  T he sp in d le  is th e  
size of th e  cores an d  fo rm  th e  co re  p r in ts .  T h e
n u m b er o f boxes la id  down p e r  d a y  o f th e  sm all
pulleys av e ra g e  60 a n d  of th e  la rg e r  p u lley  30.
A sn ap  flask is used  fo r th e  I f  in ., a n d  an' iro n
m oulding-box fo r th e  8-in . d ia . F ig .  1 1 a shows 

th e  m eth o d  o f  s t r ip p in g .
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A u se fu l p a tte rn -sh o p  id ea  is  a  j ig  u sed  in  th e  
r a p id  c o n s tru c tio n  a n d  b u ild in g -u p  of ta p e re d  p a t
te rn s ,  su ch  as bell valves, e tc . (F ig . 12). T his 
j ig  is  m ad e  o f h a rdw ood , c u t to  th e  an g le  o f th e  
p a t t e r n .  Two sm all bosses a t  th e  back  fo rm  th e  
g u id e , th e  f r o n t  edge b e in g  to- th e  c e n tre  o f th e  
seg m en t. A  sm all groove is  o u t th e  sam e  d ia 
m e te r  o r  sh a p e  of th e  n a il in  th e  p la te .  T h e  n a il 
is in se r te d  a n d  d riv en  in  h a lf  w ay. T he j ig  is 
rem oved , a n d  th e  n a il  finally  d riv en  hom e. W h ere  
th e r e  is a  n u m b er of row s o f segm en ts to  be b u ilt

u p  th e  j ig  g ives th e  c o rre c t a n g le  fo r n a ilin g , an d  
th e  p a tte rn m a k e r  need n o t fe a r  w hen tu r n in g  h is  
job  o f ru n n in g  in to  n a ils .

A Bevel A rrangem ent.
A n o th e r u se fu l a r ra n g e m e n t is a n  ad d itio n  

to  a  bevel. W hen  th e  tw o  clips A, shown 
in  F ig . 13, a re  ad d ed  to  an  o rd in a ry  
bevel, a  s im ple  y e t  e ffective  a r ra n g e m e n t is 
o b ta in e d  fo r  g e t t in g  ang les o n  c irc u la r  w ork from  
a  sm all c irc le  to  th e  s t r a ig h t  line . T he i l lu s t r a 
t io n  show s a  few  circ les d raw n , a  c lip  be ing  
d e ta ile d  in  section . I t  h a s  b een  found  beneficial 
on  all k in d s  o f c irc u la r  w ork, such  as ta n k s , tow ers, 
e tc . I t  will a lso  be no ticed  t h a t  th e  c lips can

/
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be used  on in te rn a l  w ork. T hey  w ork  on th e  
sh a n k  o f th e  b e v e l; slides, like  a p a ir  o f tram m els , 
b e in g  fixed in any  p o sitio n  by th e  sm all screw s E .

Spring Compasses.
A no\ther se rv iceab le  to o l is  t h e  s in g le  s h a f t  

sp r in g  co m p asses; m ost p a tte rn m a k e rs ,  no  d o u b t on 
sev era l occasions, h a v e  h a d  to  s t r ik e  c irc les o r 
sem i-circ les in  a c u te  an g les o r o n  w o rk  w h ere  i t  
h as  been im possib le  to  use  a n  o rd in a ry  p a i r  of 
sp r in g  d iv id e rs  o r  com passes. W ith  th e  in s t r u 
m e n t show n in  F ig s . 14 t o  17 o n e  is  e n ab led  to  
g e t  circles on sq u a re  w ork  o r c irc u la r  w ork . T h e  
p la n  (F ig . 16) sho^ys t h a t  th e  sm all s h a f t  c an  be 
p laced  in  any  p o sitio n  o n  th e  m a in  s h a f t  by

F ig. 14. F ig. 15.

a d ju s tin g  screw  A. T h e  s p r in g  o n  th e  e c u tte r  
g ives a  m a rk in g  p re ssu re . I t  m ay  be fixed by 
screw  B , a n d  by th e  sam e  screw  th e  s t r e n g th  of 
th e  sp r in g  p re ssu re  c a n  be re g u la te d . F ig s . 14 
an d  15 g ive  a c u te  ang les, a n d  th e  sec tio n s m ay  
re p re se n t  a s t r a ig h t  o r  c irc u la r  p lan . T h e  tw o 
views show th e  sp r in g , w hich  is a t ta c h e d  a t  C 
(F ig . 16), ex te n d ed  an d  c o n tra c te d . T h e  screw  D 
se ts th e  d ia m e te r  of th e  c irc le  re q u ire d . I n  F ig . 17 
is show n th e  o p e ra tio n  of s tr ik in g  a  c irc le  in sid e  
a  core  box  on a  sem i-c irc u la r  su rface . T h e  sm all 
block X  is to  hold  th e  c e n tre  p o in t.

Band Saw Guides.
F ig . 18 shows a  g u id e  foir a  b a n d  saw . In  

m ost p a t t e rn  shops th e  b re a k in g  of saw s causes 
delay  an d  a n n o y a n c e ; tw o o r  th r e e  som etim es 
b re a k  in  a day . In  m o st h a n d  saw s t h a t  have  
com© u n d e r th e  a u th o r ’s n o tice  th e  g u id e  o f th e



saw  has been p ro v id ed  w ith  wood blocks, e ith e r  all 
wood o r wood blocks fixed in  m eta l g u id es  to 
stead y  th e  saw  w hen ru n n in g . A t th e  s lig h te s t 
w rench  th e  te e th  catoh  th e  wood, s tra in in g  th e  
saw a n d  w earin g  th e  blocks. In  th e  g u id e  illu s
t r a te d  th e  saw, w h e th er fo r wood o r m eta l, ru n s  
be tw een  fo u r  sm all pu lleys in  separate, p la te s  A 
an d  B, w ith  sp rin g s  a tta c h e d  w hen o p e ra tin g  th e  
saw . A t th e  s lig h te s t  tw is t  th e  sp rin g s  g ive, both

'  I
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F ig . 16.

l ig h t  an d  le f t ,  th u s  p re v e n tin g  a t  lea s t h a lf th e  
b re ak in g — a g r e a t  c o n sid e ra tio n  in  th e  cost of 
b ra z in g  a n d  renew als of handsaw s, as well a s  th e  
tim e  sp e n t  in  re f i t t in g  wood blocks in to  guides. 
In  th is  case  th e  g u id e  is a ll  m eta l. T he back of 
th e  saw  ru n s  on h a rd e n e d  steel ba ll-b ea rin g  
ro lle r C. T he cap is screw ed to  f  in . in  gas th re a d  
to c lear th e  ball b ea rin g , th e  d ia m e te r  of which 
is 22 m /m .,  a n d  th e  s h a f t  8 m /m . T he f ro n t  and

mam
Fig. 17.

side  e lev a tio n s  show th e  g u id e  w ith o u t th e  face 
p la te  D , w hich is screw ed on la s t  w hen p la te s  
A a n d  B a re  in  positio n . A d e ta il shows th e  
c learan ce  fo r th e  back  ro lle r in  p la te s  A aijd  B.

Y



T he sh a n k  E  m u s t be  m ad e  to  s u i t  th e  e x is tin g  
slide  o f b an d  saw. T h e  p la n  show s th e  p la te s  
in p o sition  a n d  g u id e  com ple te .
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O

In  conclusion, th e  a u th o r  w ould l ik e  to  ex p ress  
his th a n k s  to  M essrs. O hance B ro th e rs , S m ethw ick , 
B irm in g h am , an d  to  th e  E d ito r  o f th e  “  A m erican  
M a c h in is t ” fo r co u rtesies  e x te n d e d  to  h im  in th e  
p re p a ra tio n  of th is  P a p e r .
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Lancashire Branch.

JOLT-RAMMING MOULDING PRACTICE. 

By A. L. Key, Member.

T h e  p u rp o se  of p re se n tin g  th is  P a p e r  is 
p r im a r i ly  to  p re se n t th e  a u th o r ’s p ra c tic e  w ith  
jo lt- ra m m in g  m achines. I t  is n o t in te n d e d  in  any 
w ay to  assum e t h a t  th e  p ra c tic a l a p p lic a tio n  it 
in te n d e d  to  re p re se n t th e  la s t  w ord on jo lt- ra m 
m ing , in  so f a r  t h a t  th is  system  is still fu ll of 
possib ilities , F o r  p ro g ress for, th e  fo u n d ry m an  
th e re  is g r e a t  scope, p ro v id ed  t h a t  he  is p re p a re d  
to  u n d e r ta k e  a  f a ir  a m o u n t of e x tr a  w ork, for 
p e rso n a l a t te n tio n  is sine quâ non  u n t il  each 
in d iv id u a l job  is estab lish ed .

A ny  schem e fo r  in c re a s in g  p ro d u c tio n  should  be 
considered , firs t fro m  th e  a sp ec t of i ts  effect upon 
th e  w o rk m an , fo r  if  sp eed in g  u p  of p ro d u c tio n  has 
to  be done, i t  shou ld  n o t  be  considered  if  i t  is 
g o ing  to  in flic t u n n a tu ra l  co n d itio n s on th o se  who 
hav e  to  p ro v id e  t h e  physioal pow er. F ro m  th is  
p o in t  of view  a lo n e  th e  jo lt- ra m m e r h ig h ly  com
m ends itse lf, in asm u ch  t h a t  th e  sav in g  in  d ire c t  
en erg y  is rem ark ab le . T he in c rease  in  p ro d u c tio n  
a n d  q u a lity  is  g o v erned  by th e  g e n e ra l lay -o u t 
o f th e  job , a  sm all a m o u n t o f comm on sense, an d  
local c o n d itio n s . L ocal co n d itio n s a re  m en tio n ed , 
m ain ly  fo r  th e  reaso n  t h a t  p hysical en erg y  and  
a d a p ta b il i ty  v a r ie s  in  d iffe re n t a reas, so t h a t  in 
c h an g in g  over from  one system  to  an o th e r, re su lts  
m u st be co m p ared  locally.

A ny of th e  c a s tin g s  which will be i llu s tra te d  in 
th is  p a p e r  a re  n o t o rd e red  in  large- q u a n tit ie s  a t  
one tim e , th e re fo re  th e  ta c k le  has to  be c u r ta ile d  
to  accom m odate  th o se  co n d itio n s; b u t, on the- 
o th e r  h a n d , if  la rg e  q u a n ti t ie s  could be o rd e re d  a t  
one t im e , a d d itio n a l ta c k le  a n d  a p p a ra tu s  could be 
se t  up , w hich  would f u r th e r  m in im ise  th e  h u m an  
fa tig u e  a n d  also in crease  th e  sav in g  in  cost, w ith  
a  re la tiv e  increase  in p ro d u c tio n . E ven  w ith  th e  
above lim ite d  q u a n tit ie s , th e  n e t  cost of p ro d u c 
t io n  o f th e  above su b jects will com pare  very  
fav o u rab ly  w ith  th e  n e t cost o f p ro d u c tio n  of
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o th e r  c o u n tr ie s  w h ere  q u a n ti ty  p ro d u c tio n  
p rev ails . '

Principles of Jolt-Ramming.
H ow  f a r  back  th e  system  o f jo lt- ra m m in g  m oulds 

can  be tra c e d  is so m ew hat obscure. Possib ly  th e  
id ea  m ay  h av e  e m a n a te d  fro m  a  g ro c e r’s shop, fo r  
th e  p r in c ip le  is q u ite  s im ila r  to  p a ck in g  s u g a r  in  
a  b ag  by sim ply  d ro p p in g  a  b ag  fu ll o f  loose su g a r  
on th e  c o u n te r  a  n u m b er o f  tim e s  u n t i l  th e  su g a r  
becom es closely p ack ed . T h e  r e s u l ta n t  a c tio n  m ay  
be defined as “ an  a r r e s t  o f th e  fo rce  of g r a v i ty .”  
T his is e x ac tly  w h a t h a p p en s  w hen sa n d  is be ing

F ig .  1 .— T h e  P l a in  J o l t  M a c h in e . 

ram m ed  o r packed  by m ean s o f jo lt- ra m m in g . 
P e rh a p s  “  s a n d -p a c k in g ”  w ould be  th e  m ore co r
r e c t  d esig n a tio n , fo r  w h a t is  a c tu a lly  p ro d u ced  by 
th e  jo lt in g  ac tio n  is a  m ould  of closely-packed  
sand .

A ny m ou ld  can  be p ro d u ced  by th is  m eth o d  w ith  
m ore  o r  less a d v a n ta g e  w here  th e  p a t t e r n  is  o f 
such  a  sh ap e  as to  allow  th e  sa n d  a n  u n in te r r u p te d  
flow dow nw ards. In  q u ite  a  n u m b e r of in s ta n c e s  
p a t te rn s  w hich h av e  o v e rh an g in g  p ro je c tio n s  can  
be d e a lt  w ith  w ith o u t th e  n ecessity  of p r in t in g  o r 
b lock ing  by th e  a id  of a  c e r ta in  a m o u n t of p re -  
or p o s t- tu ck in g  o r ra m m in g  u n d e rn e a th  such 
p ro jec tio n s .
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I t  is essen tia l t h a t  t .ie re  should  he an  absence 
of v ib ra tio n  w hen jo lt-ra m m in g , o th erw ise  th e  
san d , in s te a d  of be ing  packed  evenly , will be in  
lam in a tio n s , an d  is liable to  flake off— m ore 
especially  w here f la t su rfaces a re  concerned— e ith e r  
in  th e  b o tto m  p a r t  o r  th e  to p  p a r t  of th e  m ould. 
T h is can  be avo ided  to  a g re a t  e x te n t  by h av in g  
good r ig id  p a t te rn s  an d  p a t te rn  p la te s  o r boards. 
W h erev er i t  is possible, th e  p a t te rn  should  be 
fa s ten e d  to  th e  p a t te rn  p la te  or board . The 
m ou ld in g  box should  be secure ly  fa s ten e d  to  th e  
p a t t e rn  p la te , ta k in g  g re a t  c a re  t h a t  th e  m ould ing  
box fits f la t on  th e  p a t te rn  p la te  w ith o u t rock ing .

F i g . 2 .— Box o n  M a c h in e  s h o w i n g  O v e r h a n g .

B riefly , r ig id i ty  an d  s ta b ili ty  a re  abso lu te ly  neces
sa ry  to  o b ta in  th e  b est re su lts  from  jo lt-ram m in g .

Advantages of Jolt-Ramming.
T here  a re  quite- a  n u m b er of a d v an tag e s  in 

fa v o u r of jo lt- ra m m in g . A m ould o r  core can  be 
p ro d u ced  of fa ir ly  even d en sity , fo r  th e  sand  is 
packed  even ly  a ll a b o u t th e  p a t te rn  o r core box, 
be in g  t ig h t  on  th e  face  of th e  p a t te rn  o r  core box, 
a n d  g ra d u a lly  becom ing less dense th e  f u r th e r  th e  
san d  is aw ay from  th e  p a t te rn  or su rfaces o f th e
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core box. T h is should  com m end its e lf , fo r  i t  is 
too  well know n how  d isa s tro u s  is  th e  re su lt  o f  
unev en  h a n d  ram m in g , w ith  i ts  evils o f h a rd  an d  
so ft spo ts  n e a r  to  th e  face  o f th e  m ou ld  o r  core. 
I t  in te r fe re s  w ith  th e  n a tu r a l  e scape  of th e  g a s 
w hich  is s e t  u p  d u r in g  th e  filling  of th e  m ould . 
A d d itio n a lly , i t  causes scabs of v a r io u s  so rts , a n d  
som etim es local s tra in s .  Jo lt- ra m m e d  m oulds a re  
n a tu ra l ly  se lf-v en tin g , an d  fu r th e r ,  i t  is n o t  neces
sa ry  (p ro v id ed  t h a t  th e  san d  is of th e  c o rre c t 
tem p e r)  to  use  a  v e n t w ire , as is  so o f te n  th e  case 
w ith  h an d -ra m m e d  m oulds, fo r  th e  re g u la r  p a c k 
in g  of th e  san d  m ak es i t  se lf-v en tin g . As a  p ro o f 
o f th is , a la rg e  m ould , e specially  a  d r ie d  m ould , 
is a  m ass o f b lu e  flam e a ll o v e r th e  box a f te r  b e in g  
cas t, a lth o u g h  a  v en t, w ire  h as n o t  been  u s e d ; th is  
show s t h a t  th e  p o re  spaces m u s t be  in  q u ite  
n a tu r a l  p o sitions.

C a stin g s  p ro d u ced  by jo lt in g  a re  of a  m ore  
u n ifo rm  siize a n d  co n sid erab ly  b e t te r  in  a p p e a r 
ance. As m an y  c as tin g s  p rev io u s ly  m ad e  by h a n d  
m o u ld in g  w ould need p r im in g  b e fo re  p a in t in g , so 
as to  g ive a  n ice  enam elled  a p p e a ra n c e , now 
s im ila r  c a s tin g s  p ro d u ced  on th e  jo l t  m ach in e  do 
n o t  need  p r im in g , fo r, sp e a k in g  g e n e ra lly , th e y  
h a v e  good level su rfaces. I n  fa c t,  as th e  su rfa ce  
an d  th e  a p p e a ra n c e  o f th e  p a t t e r n ,  so can  th is  be 
re p ro d u c e d  in  th e  c a s tin g .

A g a in , fro m  th e  h u m an e  p o in t  o f  view , th e  
sa v in g  in  t h a t  m o st f a t ig u in g  w ork  of h a n d  ra m 
m in g  is n e a r ly  100 p e r  cen t. W h en  o ne  co n siders 
t h a t  fo r  ev ery  blow g iv en  w h ils t p eg  ra m m in g  
th e re  is u sed  a  fo rce  eq u a l to  5 f t .- lb s . of energy , 
a n d  a t  th e  sam e tim e  a  d e ad  w e ig h t o f 6 lbs. has 
to  be  l if te d . I t  is  in te re s t in g  to  n o te  t h a t  i t  is 
som etim es necessa ry  to  l i f t  a  ra m m e r sev era l th o u 
san d s of tim es  to  com ple te  th e  ra m m in g  of som e 
m oulds. T h e  jo l t  m ach in e  a lm o st e lim in a te s  th is  
fa t ig u in g  w ork , fo r, w ith  th e  ex ce p tio n  of b u t t in g  
off o r  f la t  ram m in g , th e  m ach in e  w ill accom plish  
in  a  f a r  m ore s a tis fa c to ry  m a n n e r  in  one m in u te  
o r less w h a t o th e rw ise  m ig h t t a k e  a  m an  sev era l 
h o u rs  to  accom plish  by o rd in a ry  h a n d  ra m m in g . 
T he la rg e r  th e  box th e  m o re  th is  f a c t  is b ro u g h t 
in  evidence. N o m ould  t h a t  is ram m ed  e n tire ly  
by th e  jo lt in g  m eth o d  shou ld  t a k e  lo n g e r  th a n  
60 seconds to  ra m  th e  m ould , w h e th e r  fo r  iro n , 
b rass , a lu m in iu m ; o r  even  steel.
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A n o th e r g re a t  a d v a n ta g e  o f jo lt  ra m m in g  is t h a t  
c a s tin g s  a re  less liab le  to  develop blowholes. T his 
com parison  is ta k e n  assum ing  t h a t  b o th  th e  h an d - 
ram m ed  m ould a n d  th e  jo lt-ram m ed  m ould  a re  
p re p a re d  w ith  san d  of th e  sam e m o is tu re  co n ten t, 
an d  t h a t  th e  te m p e ra tu re  of th e  m olten  m eta l in 
b o th  cases is s im ila r. A ny  n u m b er o f c a s tin g s  
can  be p ro d u ced  s im ila rly  a lik e  in  w e ig h t o r  
q u a lity , once th e  necessary  n u m b er of jo lts  h a s 
been d e te rm in e d  so as to  g iv e  th e  necessary  den sity  
to  th e  m ould . T his d e n sity  can  g en era lly  be p re 
d e te rm in e d  a f te r  a  ve ry  sh o r t  a c q u a in ta n c e  w ith  
th e  jo lt in g  m ethod .

A g re a t  p o in t in  fa v o u r  o f th e  jo l t  m ach in e  has 
re fe re n ce  to  m o u ld in g  «boxes, w hereby q u ite  a  lairge 
r a n g e  o f sizes o f boxes can  be accom m odated  on

F i g .  3 .— W a l l i s  T r a c t o r  M o u l d s .
By using  the  jo lte r for th is  job 60 p e r cent, in cost and 

1j50 fo r g a in s  in  production were shown. T h ree  moulds are 
made in  8 hours.

one size of m achine, v a ry in g  from  boxes an y  size 
less th a n  th e  size of th e  m ach in e  tab le , to  boxes 
50 p e r  .cent, la rg e r , o r  even m ore th a n  th is , above 
th e  size o f  th e  tab le , th e re b y  m ak in g  i t  possible 
fo r  severa l gangs of m en on d iffe re n t sizes of boxes 
to  m ake fu ll use  o f th e  o ne  m ach ine  w ith o u t
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h a y in g  to  us© an y  a d a p to rs  o r o th e r  c o n tr iv an c e s  
w hich a re  necessary  o n  some o th e r  ty p e s  o t 
m ach ines . w hen c h a n g in g  th e  sizes of boxes.

Types of Machines and Installation.
T h ere  a r e  se v e ra l ty p es  of jo lt  m ach in es  in  use, 

th e  s im p le s t a n d  m o st v e rs a t i le  b e in g  th e  p la in  
jo l t  m ach in e  such as is show n in  F ig . 1. T h is 
m ach in e  ta k e s  a 30-h .p . m o to r a n d  a  co m p resso r 
d evelop ing  300 cub. f t .  of a ir  p e r  m in . I h e  
m ach ine  consum es 213 cu'b. f t .  o f a ir  p e r  jo lt .  
T he d ia m e te r  o f th e  cy lin d e r is 20 in .,  th e  s tro k e  
2 j  in ., an d  th e  size  o f th e  ta b le  6 f t .  by  5 f t .  I t  
is c ap a b le  o f l i f t in g  10 to n s  a t  100 lbs. p e r  sq . in . 
p re ssu re .

T h e re  a re  also se v e ra l m ach in es  w hich h av e  
p a tte rn -d ra w in g  a r ra n g e m e n ts , a n d  also a r ra n g e 
m e n ts  fo r tu r n in g  o r ro llin g  th e  m ould  ov er a f te r  
i t  has b een  ram m ed .

In  c o n s id e r in g  th e  in s ta l la t io n  o f a jo lt- ra m m in g  
p la n t ,  th e re  a re  m an y  fa c to rs  w hich c o n tro l th e  
se lec tion  o f th e  m ost su ita b le  ty p e  o f m ach in e  or 
m achines. O ne c an  som etim es see ly in g  d e re lic t  
la rg e  m ach ines o f a n  e la b o ra te  ty p e , ow ing to  th e  
w rong  ty p e  of m ach in e  h a v in g  been in s ta lle d . 
Possib ly  th e  m ach in e  w as th o u g h t su ita b le  fo r a 
special job , b u t  was u n ab le  to  be k e p t  fu lly  occu
p ied  ow ing  to  insufficien t q u a n ti t ie s  b e in g  r e 
q u ired . H e re  a  m ach in e  of a n o th e r  ty p e  w ould 
h a v e  em b raced  a suffic ien t v a r ie ty  o f w ork  to  
keep  i t  fu lly  occup ied . T h e  class of lab o u r t h a t  
is in te n d e d  to  o p e ra te  th e  m ach in e  is an  im p o r
t a n t  fa c to r , fo r, a lth o u g h  th e  w r i te r ’s w ork  is all 
p ro d u ced  b y  sk illed  lab o u r , w ith  th e  m ost s a t is 
fa c to ry  re su lts ,  w ork  c a n  be  p ro d u ced  q u ite  s a t is 
fa c to rily  w ith  sem i-sk illed  lab o u r , p ro v id ed  t h a t  
th e  class o f w ork  a n d  o th e r  c o n d itio n s  a r e  m ade  
su itab le . I t  does n o t  n ecessa rily  follow t h a t  sem i
sk illed  lab o u r will a lw ays p rove  th e  m ost econom i
cal, fo r sev era l in s tan c es  a re  in  ev id en ce  w here  i t  
h as  p roved  co n sid erab ly  m ore  econom ica l to  em ploy 
th e  b e s t of sk illed  lab o u r.

P e rh a p s  th e  p r im a ry  fa c to r  in  c o n s id e r in g  jo lt-  
ra m m in g  is th e  s ta b il i ty  of th e  fo u n d ry  b u ild in g s , 
fo r th e  e a r th q u a k e  w hich is se t  up  w hen a f a i r 
sized p la in  jo lt- ra m m e r  is w ork in g  is v e ry  con
s id e rab le , a n d  som etim es tra v e ls  m uch  f a r th e r



619

th a n  th e  fo u n d ry . S everal in stan ces of th is  have  
o ccu rred , a n d  th e  effects hav e  cau sed  a consider
ab le  a m o u n t o f expense^ to  rem edy.

T he cost of in s ta llin g  a jo lt- ra m m in g  p la n t  will 
co m p are  v ery  fav o u rab ly  w ith  o th e r  ty p es of 
pow er p ress  a n d  squeeze m ach ines, w ith  th e  
a d v a n ta g e  of v e rsa t i l ity  in  fa v o u r o f th e  jo lt  
m achine.

T h e  p o sition  o f th e  m ach ine  or m achines in  th e  
b u ild in g  is also of g r e a t  im p o rtan ce , fo r in  th e  
case of th e  p la in  jo l t  m ach ine, which is sim ply a 
ra m m in g  a p p a ra tu s ,  m uch  v a lu ab le  tim e  c a n  be

F i g . 4 .
C ylinder end casting . T his c as ting  requires 60 jo lts  for 

m aking. The m ethod shows 50 pe r cent, and  100 per cent, 
ga in s on cost and production  respectively.

w asted  by th e  u n n ecessary  conveyance of m oulds 
an d  m ate ria ls .

Lay-Out and Tackle.
L a y -o u t an d  tac k le  should  be v ery  c a re fu lly  

s tu d ied , as on  th ese  item s th e  success of th e  p la n t 
la rg e ly  depends. S a n d -p rep a rin g , conveying an d  
lif t in g  fac ilitie s , p ro x im ity  to  d ry in g  stoves an d  
cupolas an d  m oulds bedded in th e  floor, p a tte rn  
an d  m oulding-box accom m odation , convenience fo r 
th e  safe-k eep in g  an d  easy access of all sm all tools

Y 2
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an d  tack le , p a t t e r n  an d  p a t te rn - p la te  l i f t in g  
a p p a ra tu s ,  loose p ieces, e tc ., r e q u ire  c a re fu l  con
s id e ra tio n . .

M o u ld in g  boxes should  be o f d e fin ite ly  r ig id  
c o n s tru c tio n , n o t necessa rily  o f  h eav y  sec tio n , b u t  
desig n ed  spec ia lly  w ith  a  view  of o b ta in in g  a  com 
b in a t io n  o f th e  m ax im u m  of r ig id i ty  w ith  a  m in i
m um  of w e ig h t. T h is is v e ry  im p o r ta n t ,  fo r 
v ib ra t io n  m u s t be  m in im ised  to  th e  u tm o s t  d eg ree , 
fo r  h e re  is q u ite  a  com m on c au se  of m an y  fa ilu re s , 
m ore esp ec ia lly  w h ere  th e  design  of th e  p a t t e r n  is 
in c lined  to  h av e  f la t  su rfaces .

F i g . 5

Sm all flyw heel ca s t in g s . W ith  5-h.p. jo lt in g  m ach in es  
59 p er  cen t, cost and 145 p er  cen t, prod uction  g a in s  w ere  
reg istered . T ran sferrin g to  9-h.p. m ach in es, th e  figures  
were low ered to  57.5 and  135 per ce n t, re sp ectiv e ly .

V ib ra tio n  h as been  m en tio n ed  p rev io u sly , b u t 
has been p u rp o se ly  m en tio n ed  a g a in  fo r  th e  p u r 
pose of em p h asis in g  th is  p o in t.  W h ere v e r pos
sible, c a s t  th e  m o u ld in g  boxes in  o n e  p iece, 
a lth o u g h  q u ite  successfu l re su lts  c a n  be o b ta in e d  
w ith  boxes ¡built o f  loose p la te s , p ro v id e d  th a t  
a f te r  b o ltin g  th e  box sides a n d  en d s to g e th e r ,  
holes a re  d rille d  an d  fixed dowels in se r te d  in  
those  flanges w here  th e  box sides a n d  en d s h av e
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been jo in ed . W h erev er possible, i t  is adv isab le  
to  p la n e  o r  m ill th e  jo in ts  o f m ou ld in g  boxes 
w here  th e  jo in ts  h av e  to  r e s t  on  th e  p a tte rn -p la te  
o r  b o a rd . T his o u tla y  w ill he am ply  re p a id . P ro 
je c tio n s  on  th e  in s id e  o f boxes, such  a« b o lt h ead s 
o r  n u ts , suoh as a re  en co u n te red  w hen fa s te n in g  
loose b a rs , a re  n o t  d e sirab le , fo r  th e  p ro je c tin g  
n u ts  in te r f e re  w ith  th e  flow of th e  san d  an d  cause  
w eak p laces, w hich a re  liab le  to  cause  th e  san d  to  
fa ll o u t  o f  th e  box, a s  in  th e  case  o f a to p  p a r t  
which h as to  be tu r n e d  over.

B u ilt  boxes a r e  n o t recom m ended  fo r to p  p a r t  
boxes, b u t  shou ld  th is  be necessary , th e n  th e  b e tte r  
a l te rn a t iv e  to  b o ltin g  in  loose b a rs  is to  c a s t  a 
se ries of lu g s a lo n g  th e  box side  an d  a r ra n g e  for

F i g . 6 .

Group of G .E . bed tack le . T h e bottom  h a lf  is  g iv en  45 
jo lts  to  th e  top  50. T h e box is  8 f t .  x  3 ft . 6 in . x  2 f t .  10 in . 
A production  g a in  of 88 per cen t, i s  show n.

a s lo t, c a s t  v e rtica lly  in  each  lug , as th is  th en  
m akes i t  possible to  hav e  f la t  p la te s  fo r  th e  box 
ba rs, w hich c an  th e n  be  fa s te n e d  in to  p o sitio n  
by m ean s o f iro n  wedges.

Loose, s te ad y  o r re g is te r in g  p in s  can  be used, 
b u t w here  fine l im its  a re  concerned , such as w ith  
v e ry  th in  sec tions of m eta l an d  p e rfe c tly  a cc u ra te
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jo in ts , fixed p in s a re  m o re  s a tis fa c to ry . I n  an y  
case, fixed p in s should  be  used  fo r re g is te r in g  th e  
m ou ld in g  box on th e  p a t t e r n  p la te .

T he s ta n d a r d  lim its  o f c lea ran ce  be tw een  p in  
a n d  p in  hole is  0 .0 1 5  in . fo r th e  l j - i n .  p in  a n d  
0.005 fo r  th e  f- in . p in . T hese tw o sizes o f p in s 
h av e  p ro v ed  q u ite  eq u al to  acco m m o d atin g  q u ite  
sa tis fa c to r ily  th e  sm a lle s t size of box  as well as 
th e  la rg e s t.

A ny  less c le a ra n c e  th a n  t h a t  m en tio n ed  fo r  th e  
l j - i n .  d ia . p in  h a s  been  fo u n d  to  g ive  tro u b le  in

F i g .  7 .— T w in  B e d  C a s t i n g .
B y jo lt ram m ing 66 per cen t, cost g a in  an d  200 p er  cen t, 

production  g a in  w ere show n.

assem bling  th e  to p  a n d  b o tto m  boxes, especially  
in  tn e  case o f  s to v e-d ried  m oulds, as th e  d iffer
ence in  size a n d  w e ig h ts o f th e  to p  a n d  b o tto m  
box affects th e  ex p an s io n  a n d  c o n tra c tio n  suffi
c ie n tly  to  cover up  th e  sm all a m o u n t of c le a ra n c e  
in  th e  box p in s. C o tte rs  h a v e  p ro v ed  b o th  v ery  
effective  an d  ex p ed itio u s  as a m eans to  fa s te n  th e  
m ou ld in g  box to  th e  p a t t e r n  p la te  o r b o a rd .

F o r  m o u n tin g  p a tte rn s ,  e i th e r  p la te s  o r  b o a rd s 
can  be used, th e  cho ice  o f w hich can  be re ad ily  
d e te rm in e d  a f te r  a  sh o r t  a c q u a in ta n c e  w ith  th e  
jo lt- ra m m in g  process. B o ard s a re  to  be  p re fe r re d ,  
w herever possible, m ain ly  on acc o u n t of th e i r  
p o r ta b il ity , w hile, on  th e  o th e r  h a n d , C .I . p la te s
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fo r th e  h eav ie r boxes a re  adv isab le. The d iffe r
ence  in  tiro in i t ia l  co st is n o t  g re a t ,  while th e  
d ifference in d u ra b il i ty  is co n sid erab ly  in  fav o u r 
of th e  C .I . p la te . F l a t  p la te s  o r  bo ard s a r e  n o t 
id ea l, as an y  s a n d  which m ay c lin g  to  th e  u n d e r
sid e  o f th e  p la te , o r  w hich m ay  h av e  g a th e red  
u n n o tic e d  on  th e  jo lt  tab le , w ill p re v e n t th e  p la te  
from  re s tin g  f la t  on  th e  tab le , such  co n d itio n s 
a re  lia b le  to  cause  v ib ra tio n . A lig h te r  an d  m uch 
m ore r ig id  p la te  can  be m ade  by m eans of web
b in g  th e  p la te  on  th e  u n d e rs id e . T h is is an 
a d v a n ta g e  in  cases w here th e  p a t t e r n  p la te  o v e r
han g s th e  tab le , as show n in  F ig . 2.

F i o .  8 .— C o r e s  a n d  a C o r e  J o l t in g  M a c h in e .

P a t te r n s  w hich a re  to  be m oulded by jo lt-  
ra m m in g  should  be  stro n g ly  c o n s tru c ted , fo r  th e  
d u ty  o f th e  p a t te rn  is very  try in g . BloCking-up 
o r p c in tin g -u p  o v erh u n g  p a r ts  on p a tte rn s  
should  be avoided a s  m uch as possible. T h is can  
be overcom e by a  very  sm all am o u n t o f e x tr a  h and- 
ram m in g , which re su lts  in  a n  im proved  a p p e a r
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ance  on  th e  e a s tin g  th a n  o th e rw ise  would have  
been h a d  core p r in ts  been  re so rte d  to . I t  is 
g en era lly  know n how  u n s ig h tly  c o re -m ark s  show 
u p  on  th e  face  of a  c a s tin g  u n less  th e  jo in ts  of 
th e  core a n d  th e  m ould  a re  v e ry  c a re fu lly  s to p p e d  
in .

T h e  co n d itio n  a n d  te m p e r  of th e  m o u ld in g  sa n d  
p lay s a v e ry  im p o r ta n t  p a r t  in  th e  success o f jo lt-  
ram m in g . S an d s o f a  sh a rp  n a tu r e  flow e a s ie r  
th a n  san d s w hich a re  o f a  woolly o r  to u g h  n a tu re .  
T hese  d ifferences can  h e  m ore o r  less r e g u la te d  by  
ju d ic io u s  te m p e rin g ;  th e re fo re , th is  is a  v e ry  im 
p o r ta n t  fa c to r  t o  c o n tro l, fo r  in  a ll cases th e  
d r ie r  th e  sa n d  used, th e  n e a re r  n a tu r a l  flow is 
rea lised .

I n  conclusion , th e  a u th o r  w ishes to  th a n k  h is
firm  fo r courtesies  e x te n d ed  a n d  to  M r. B re r le y  
fo r h e lp  in  th e  p re p a ra tio n  of th e  illu s tra tio n s .

/.



West Riding of Yorkshire Branch.
SHOULD PIG-IRON BE BOUGHT BY FRACTURE 

OR ANALYSIS?

By Robert Buchanan (Past President).

R e cen tly  th e re  has been a n  aw ak en ed  in te re s t  in  
th is  q u estio n , p a r t ly  d u e  to  th e  advocacy of som e 
A m erican  f r ie n d s ;  b u t  re a lly  th e  q u estio n  has 
a lw ays been  w ith  u s  to  a m ore  o r less degree . 
M ore th a n  20 y e a rs  ago  th e  a u th o r  cam e o u t 
boldly fo r  a n a ly sis  alone, a n d  sa id  t h a t  if  he 
o b ta in e d  a  c e r ta in  re q u ire d  an a ly sis  h e  d id  n o t 
c a re  u n d e r  w h a t c o n d itio n s  th e  p ig -iro n  was m ade, 
o r  w h a t f r a c tu r e  th e  iro n  show ed. S ince th en , 
w ith  a  w ider ex p erien ce , he h as h a d  to  m odify  h is 
views, a n d  is n o t  so  c e r ta in  o f  th is  o p in io n  as he 
was th en .

T he su b je c t is such a  la rg e  one, a n d  th e  effects 
on th e  iro n fo u n d in g  in d u s try  a re  so im p o r ta n t, 
t h a t  i t  is v e ry  necessary  fo r  fu ll  co n s id e ra tio n  to  
be g iven  to  th e  q u estio n .

Sale and Use of Pig-Iron by Fracture.
T his is th e  t r a d i t io n a l  B r i tish  m ethod , which 

h a s  been  in  u se  since  th e  r ise  of th e  iro n  t r a d e  in 
th is  co u n try , a n d  is m uch p rize d  by m an y  foundry - 
m en to -d ay . O th e rs  use  a  co m b in a tio n  o f f ra c tu re  
a n d  an a ly sis . T h e  l a t t e r  is  a g ro w in g  p ra c tic e , 
a n d  h a s  m uch  to  com m end i t .  Of w h a t is th e  
p a r t ic u la r  f r a c tu r e  a p ro d u c t?  T his is d u e  to  th e  
in fluence o f a g re a t  m an y  c o n tr ib u to ry  causes. 
F r a c tu re  is affected  by th e  k in d  o f o re s 'u se d —by 
th e  te m p e ra tu re  an d  q u a n ti ty  o f th e  b la s t used, 
th e  re g u la r i ty  o f th e  descen t of th e  fu rn ac e  
charges, th e  te m p e ra tu re  a t  w hich th e  o res a re  
reduced  from  oxide  to  iro n , an d  th e  r a te  of coolino- 
of th e  iro n  on th e  p ig  bed. These a re  only  some 
of th e  p hysical causes a ffec ting  th e  k in d  of 
f ra c tu re .

W h a t o f  th e  chem ica l causes?  T h e re  is n o t one 
c o n s t itu e n t  b u t  affects th e  f r a c tu re  in  m ore o r  less 
degree . S ilico n , fo r in stan ce , in  m o d era te



656

a m o u n ts , say , fro m  1 to  2 p e r  c e n t.,  h a s  th e  
ten d en cy  to  open th e  g ra d e , o th e r  th in g s  b e in g  
eq ual. W h en  th e  silicon ap p ro ach es  4 p e r  cen t, 
i t  closes th e  g ra d e  a g a in  as i ts  u su a l effect. In  
fa c t,  some h ig h -silico n  iro n  is as close as som e low- 
silicon iro n , an d  un less one an a ly se s i t  is o n ly  a  
p ra c tis e d  eye w hich can  te ll w h e th e r th e  closeness 
is d u e  to  low -silicon o r to  h ig h . T h e  a u th o r ’s 
m eth o d  o f dec id in g  w h e th er th e  closeness is d ue  to  
low- o r  h igh -silicon  w hen v iew ing  th e  p ig - iro n , is 
t h a t  in  th e  case o f th e  h igh -silicon  i t  h a s  a  b r ig h te r  
sheen on th e  su rfa ce , a s  if  th e re  w ere m an y  sm all 
d iam o n d s p re se n t. A  s im ila r  closeness of f r a c tu r e  
is d u lle r  w hen th e  silicon is low.

Definition of “ Closeness ” or “ Openness.”
E ith e r  te rm  is  re a lly  a n  a t t e m p t  to  in d ic a te  

th e  size of th e  c ry s ta ls  o f iro n  in  th e  m ass, as also 
th e  size o f th e  g ra p h ite  p la te s . On th e  a u th o r i ty  
of P ro fe sso r T uirton , F .R .S .,  a n o te d  c ry s ta llo -  
g ra p h e r , i t  c a n  be  s ta te d  t h a t  th e se  c ry s ta ls  a re  
n o t p u re  iro n , a n d  th e y  u su a lly  h av e  som e m an 
g an ese  as a c o n s t itu e n t.  A n o th e r v e ry  p o w erfu l 
chem ical in flu en ce  o n  “  closeness ”  o r  “  op en n ess ”  
is su lp h u r , th o u g h  th e  a u th o r  is n o t in  a g re e m e n t 
w ith  th e  o p in io n  t h a t  su lp h u r  in  a ll i ts  d eg rees 
is h a rm fu l. On th e  c o n tra ry ,  i t  is v e ry  u se fu l 
in  m an y  cases. H e  a g ree s  w ith  T hom as D . W est, 
who sa id  th e re  was no  good iro n  a n d  no h a d  iro n  ; 
i t  a ll d ep en d ed  on  th e  use  to  w hich i t  w as to  he 
p u t .

T h e  c a rb o n  also h a s  a  m a rk e d  e ffec t on th e  
f r a c tu re ,  n o t  only fro m  th e  q u a n ti ty  o f ca rb o n  
p re se n t, b u t  also in  w h a t c o n d itio n  i t  is  in , 
w h e th er in  th e  com bined  fo rm  o r in  th e  f re e  o r  
g ra p h it ic  fo rm . A nd , a g a in , on  w h e th e r th e  
g ra p h ite  c a rb o n  is m assive  o r  finely d iv id ed . T he 
l a t te r ,  how ever, is m ore d ue  to  th e  fu rn a c e  con
d itio n s  th a n  to  a n y  o th e r  cause.

O ne could  follow th is  re a so n in g  as re g a rd s  th e  
m an g an ese  d a rk e n in g  th e  f r a c tu r e ,  a n d  ph o s
p h o ru s  l ig h te n in g  i t ,  b u t  en o u g h  h a s  been  said  
on th e  chem ical a sp e c t so f a r  as i t  affec ts th e  
f ra c tu re d  a p p ea ran c e . S p e a k in g  g e n e ra lly , o pen- 
g ra in e d  iro n  is w e a k ; c lo se -g ra in ed  iro n s  a re  
s tro n g . To th e  l a t t e r  s ta te m e n t  th e re  a re  well- 
know n ex cep tio n s even in  g rey  v a r ie tie s  of p ig-



iro n . W h ite  and  m o ttled  iro n s a re  a lw ays w eaker 
th a n  s im ila r  m ak e  of iron  which is g rey  and  
c lose-g ra ined .

Effect of Blast Conditions on Pig-Iron.
T he effect, on f r a c tu re ,  of w h e th er th e  iro n  is 

be ing  p ro d u ced  in  a b las t fu rn ac e  u sin g  cold 
b la s t, sem i-cold b la s t  (400 deg. C .) o r  h o t b last, 
c an  be s ta te d  from  ex p erien ce  to  be t h a t  cold-blast 
an d  sem i-cold b la s t  iro n  g en era lly  have  a closer 
g ra in e d  f r a c tu re  fo r  a g iv en  an a ly sis  th a n  h o t 
b la s t iro n . T h is is d ue  to  th e  finer d iv ided  
g ra p h ite  in  th e  la s t  tw o. H o t-b la s t  iro n  of a 
g iven  a n a ly sis  h a s  th e  g ra p h ite  m ore m assive th a n  
th e  o th e r  tw o irons, a n d  th u s  shows m ore open 
fra c tu re . B u t  h ig h -b la s t te m p e ra tu re s  a n d  ra p id  
p ro d u c tio n  h a v e  effects n o t  d iscoverab le  by f ra c 
tu re  o r a n a ly sis . P h y s ica l te s ts , c leanness of 
m e ltin g  a n d  th e  fin ished  ca s tin g  p rov ide  th e  m eans 
know n a t  p re se n t by which th ese  differences can  
be a sc e rta in e d .

F ra c tu re ,  o r  g ra in  s tru c tu re ,  a n d  an alysis of two 
iro n s  m ay  ag ree , a n d  y e t  th e  physica l re su lts  be 
w idely a p a r t .  T h is was show n y ears  ago a t  
Sw edish b la s t fu rn aces , an d  they  cam e to  th e  
conclusion t h a t  gases dissolved in  th e  iron  were 
th e  cause  of th e  iro n  m ade  a t  th e  h ig h e r te m 
p e ra tu re  b e in g  w eaken th a n  t h a t  m ade a t  th e  
lower.

To ju d g e  iro n  by f r a c tu re  alone m ay be decep
tiv e , in so fa r  as th e  cooling co n d itio n s on  the  
p ig  bed a re  unknow n to  th e  u se r. T he h o t p ig- 
iron  m ay , a n d  o f te n  is, qu ick ly  cooled b y  a hose
p ip e  fo r qu ickness o f h a n d lin g . T he re s u lt  is a 
closing of th e  g ra in .  I f  th e  b la s t fu m ac em a n  
w an ted  a sp ec ia lly  o pen  g ra in , he could  cover th e  
h o t p igs w ith  a  th ic k  co a tin g  of sand , b u t  ex ig en 
cies of o u tp u t  will n o t allow t h a t .e v e n  if he 
w an ted  to . A nd  so in  th e  case o f very  la rg e  
p igs w hich  show la rg e  c ry sta ls , these , a n d  th e  
two casas m en tio n ed , w hen m elted  in  th e  cupola, 
will r e v e r t  to  th e ir  o r ig in a l re a l q u a lity , irresp ec
tiv e  of th e ir  o r ig in a l co n d itio n  as pigs.

In  ju d g in g  p ig -iro n  by f ra c tu re ,  th e re  is p len ty  
of room  fo r e r ro r , b u t  ex p erien ce  in m ix in g  irons 
by f ra c tu re ,  coupled  w ith  a  know ledge o f th e  b la s t
fu rn a c e  c o n d itio n s  u n d e r  which th e  iron  is p ro 
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duced , will h e lp  to  o b ta in  th e  b est re su lts  w ith in  
lim its .

Analysis.
W h en  a n a ly s is  of p ig -iro n s  becam e fa ir ly  com 

m on m an y  th o u g h t  t h a t  th e y  h a d  com e p r e t ty  
well to  f in a lity  a s re g a rd s  th e  q u a lity  of p ig - iro n  
a n d  th e i r  know ledge of i t .  T h en  th e y  su p p le 
m en ted  a n a ly sis  by  u s in g  th e  m icroscope. T hen  
th e y  su p p lem en ted  th e  m icroscope by te n s ile  a n d  
tra n s v e rse  te s ts . Now i t  is p roposed  to  su p p le 
m e n t th e se  a id s  to  know ledge by u s in g  shock te s ts .  
T he f a c t  is, th o se  in te re s te d  a re  lo o k in g  each  
tim e  a t  a  d iffe re n t f a c e t  o f a  d iam o n d , b u t  s till  
tfie  sam e d iam o n d , a n d  as y e t  i t  is  n o t  q u ite  
know n w h a t th e  d iam o n d  re a l ly  is . A n a ly sis  is 
on e  fa c e t o f th e  d iam o n d , a n d  a n  im p o r ta n t  one, 
b u t  i t  is n o t  th e  whole d ia m o n d ; n e i th e r  is f r a c 
tu re .  P h y s ic a l te s ts  a re  m o re  im p o r ta n t  th a n  
e ith e r . F o r  physical te s ts , g ra in  s t r u c tu r e  is 
m ore  im p o r ta n t  th a n  chem ica l p u r i ty .

As re g a rd s  an a ly se s o f p ig -iro n s , som e fo u n d ry -  
m en h av e  a  r a th e r  p a th e t ic  f a i th  in  a n a ly s ts . In  
th e  fo u n d ry m a n ’s view , o r  in  th e  view  of m an y , 
a n a ly s ts  n e v er m ak e  m is tak es. I f  th e y  do n o t, 
th e y  a re  u n lik e  th e  r e s t  o f h u m a n ity . O ne co u ld  
re a d ily  givq in s ta n c e s  o f d isc rep an c ie s  be tw een  
th e  find ings o f d iffe re n t a n a ly s ts  on  s im ila r  
sam ples, b u t  n o t so m u ch  as on e  w ould find 
b e tw een  d iffe re n t fo u n d ry m en  m e ltin g  s im ila r  
irons.

A n alysts, th o u g h  n o t m ore  p e r fe c t  th a n  fo u n d ry 
m en, y e t  fill a  m ost im p o r ta n t  p lac e  in  th e  
fo u n d ry  w orld as a n  a id  to  th e  kno w led g e  of 
fo u n d ry  m a te ria ls . T h ey  a re  a  h e lp  b e fo re  th e  
fo u n d ry m an  b eg in s ¡his w ork , a n d  a  c o rre c tiv e  
if  he  fa ils  to  do i t  r ig h t.  I n  K e ig h ley , fo u n d ry 
m en a re  f o r tu n a te  in  h a v in g  a  p u b jic  la b o ra to ry  
u n d e r  ab le  M an ag em en t, a n d  i t  says m u ch  fo r  th e  
e n lig h ten e d  view  o f local em ployers a s  to  i ts  u se 
fu lness to  th e  fo u n d ry  in d u s try .

T he a n a ly s t  c an  in d ic a te  v e ry  closely th e  con
s t i tu e n ts  o f  th e  v a rio u s  iro n s  to  be u sed , b u t  u n 
less th e  fo u n d ry m an  know s also th e  ch an g es w hich  
will ta k e  p lace d u r in g  th e  course  of m e ltin g  th e se  
irons, th e  re s u l ts  need  n o t  necessa rily  be a ll t h a t  
is re q u ire d  by b o th  m a k e r  o r  bu y er.



659

Two d is tin g u ish e d  A m erican  fo u n d ry m en , D r. 
M oldenke  a n d  M r. W a lte r  W ood, who recen tly  
v is ite d  th e  c o u n try , ad v o ca ted  th e  s ta n d a rd is a tio n  
of silicons an d  su lp h u rs  p rin c ip a lly , a n d  in  some 
deg ree  th e  fix in g  of m in im u m  to ta l  carb o n s. T h e  
d ifficulty  in  h eav y  e n g in e e rin g  is to  keep  th e  
t o ta l  c a rb o n s  dow n. T h e  silicons o u r  f r ie n d s  
show ed, w ith  th e i r  r e la te d  su lp h u rs , w ere w rong 
in  th e  a u th o r ’s view . These show ed th e  low est 
su lp h u rs  a long  w ith  a  r e la te d  low silicon, a n d  th e  
h ig h es t silicon w ith  th e  h ig h e s t su lp h u r. I n  
B r i t ish  b la s t- fu rn a c e  a n d  fo u n d ry  ex p erien ce , i t  
is g e n era lly  th e  reverse . H e re  h ig h  silicons con
n o te  low su lp h u r , a n d  low silicon u su a lly  h as 
h ig h e r  su lp h u r.

Buying to Fracture and Analysis.
I t  is o ften  com plained  o f how v a ria b le  in  th e ir  

w ork ing  b la s t  fu rn a c e s  a re , a n d  u n d o u b ted ly  th ey  
ai:e ve ry  d e lic a te  g ia n ts  w hich som etim es behave 
lik e  c h ild ren . T hey  a re  even  affected  by  th e  
w ea th e r, b u t  th e i r  v a r ia b ili ty , lik e  a  c e r ta in  
section  o f th e  co m m u n ity , is o n e  of th e ir  charm s.

W h a t  would fo u n d ry m en  do if  every  fu rn ac e  
nev er took  th e  “ p o t ”  a n d  re fu sed  to  ch an g e  from  
one g ra d e  o f iro n ?  W h ere  would th e  iro n fo u n d er 
be  who h a d  a d iffe re n t job  to  c a s t a h d  h ad  only 
one source  o f sup p ly  an d  one g ra d e ?  I t  is th e  
“  in fin ite  v a r ie ty  ”  o f th e  b la s t  fu rn a c e  which 
m akes th e  b la s t  fu rn a c e m a n  t ire d ,  an d  conduces 
so m uch  to  th e  comfoi’t  a n d  h ap p in ess  of th e  
fo u n d ry m an .

W ere  b u y in g  to  f r a c tu re  a n d  an aly sis un iversa l, 
th e  b la s t-fu rn a c e  peoplb w ould be in  fo r a  bad 

* tim e . T he iro n , a s  i t  comes from  th e  fu rn ac e , 
m ay  h a v e  th re e  g ra d es  o f f r a c tu re  an d  th re e  
d ifferin g  analyses from  o n e  cast. P ic tu re  th e  h a lf 
of a  p ig  bed  b e in g  c a r r ie d  on  a  t ra v e ll in g  c ran e  
to  th e  p ig -h rea k e r. W h ere  should  a  d r i ll in g  be 
ta k e n  fo r  an a ly sis?  P ro m  th e  p ig  n e a re s t  th e  
fu rn ac e , o r  fro m  th e  p ig  f a r th e s t  aw ay?  Or from  
a  m ix tu re  of th e se  tw o p igs?  W ould  e ith e r  o r  
b o th  re p re se n t  th e  p igs a s  a whole? T hey  would 
n o t be  d e fin ite ly  a cc u ra te .

O bviously, th e re  h a s  to  be  com prom ise on a 
g e n e ra l a v e ra g e  o f an aly ses. T hus, if  one took 
d rillin g s  fo r an a ly sis  of th e  iro n  in  a sh ip ’s p ro 
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peller, would one ta k e  i t  fro m  th e  boss o r  from  
th e  b lade?  E ith e r  w ould n o t  re p re se n t  th e  o th e r .  
T he sam e  cou ld  be sa id  o f sam ples from  'boss a n d  
blade fo r  m iscroscopic e x a m in a tio n . T h e  sam e 
m ay be .said a b o u t te s t-b a rs  o u t  fro m  th e  boss an d  
b lade. T h e  sh ip ’s  p ro p e llo r  is g iv en  as a n  e x tre m e  
exam ple  of w h a t, to  m ore  o r  less d eg ree , o b ta in s  
in  m ost c a s tin g s  fo r e n g in e e r in g  p u rp o ses.

Mr. Wood’s Views.
T h ro u g h  th e  k in d n ess  o f  M r. J .  W ood, of W ak e 

field, who h a s  h a d  a  v e ry  la rg e  ex p erien ce  in  m e lt
ing  iro n s  an d  see ing  th e  p ro d u c ts  te s te d , th e  a u th o r  
is  ab le  to  p u t  th e  g e n tle m a n ’s view s on reco rd , 
w hich a re : - - -

D uring our conversation recently on chemical 
analyses of pig-iron and its effect on castings, I  
understood th a t you wished to convey, th a t  unless 
one knows the chemical composition of the  iron one 
uses, and m ixes i t  accordingly, i t  is nex t to  an 
impossibility to  get sound castings and uniform  
results. In  o ther words, th a t judging by frac tu re  
is a so rt of happy-go-lucky m ethod.

T his may have been tru e  in the old days, b u t 
since the advent of th e  chem ist in the foundry  it 
has been proved beyond doubt th a t neither the 
chemical composition of Iron nor m erely judging  by 
the appearance of the  frac tu re  are very reliable. 
W hat is really  necessary is a common-sense applica
tion of both. To judge by either chem ical com
position or frac tu re  w ithout tak ing  the  physical 
properties o f  the iron into account is wrong, and 
not conducive to sound castings and uniform  
results

Danger of Relying Solely on Analysis.
As you are aware, we are large consumers of pig- 

iron, and during  the tim e I  have worked here, 
some twenty-five years or so, I  have had  the  oppor
tu n ity  of seeing and using nearly all the  im portan t 
brands of pig-iron made in the kingdom , and I 
have made a study of the various characteristics of 
the different irons th a t  have passed th rough  my 
hands. To enter into details of all th is  a t  the 
present tim e would take too long, therefore  I  will 
ju s t point out tw o or th ree  cases w here, if  the 
iron had been m ixed to analysis alone, serious 
results would have happened.

Some tim e ago we accepted a large qu an tity  of 
iron (some 700 or 800 tons). On analysing th is
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(several samples were taken from each consignment) 
the  following results were obtained :—Gr. 2.25; 
C .C ., 0.86; Si., 0.94; S., 0.048; M n„ 0.65; and 
P .,  0.31 per cent. This iron, although of such a 
low silicon content, was of a very open fracture, 
very soft, and ra th e r weak.

The works chem ist suggested th a t the iron on 
re-m elting in the  cupola would come ou t very hard, 
owing to its low silicon content, and advised using 
it sparingly. I did not agree w ith him, and 
obtained the m anager’s permission to melt 10 cwts. 
of th is  iron by itself in the cupola a fte r the day ’s 
blow. This was done. Some of it was poured into 
an open sand casting, a p late £ in. thick, 3 ft. by 
4 f t. The rem ainder was poured into castings that 
h ad  to be machined and p u t under 400 lbs. per 
sq. in. hydraulic  pressure. Now, had th is iron 
acted according to its analysis, the open 6and plate 
would have undoubtedly sp lit w hilst undergoing 
contraction. B u t the reverse happened. The plate 
was perfectly  sound, and on being broken up for 
exam ination, showed an open-grained fracture and 
machined easily. The other castings also machined 
easily, b u t on being p u t under pressure leaked at 
the top p a rt of the casting, being porous from one 
end to  the other. This shows th a t the low silicon 
content of the iron has not the effect i t  is sup
posed to have, as the iron was neither hardened nor 
the grain closed to any appreciable extent.

A Second Example.
Another example which shows th a t i t  is not wise 

to  rely too much on analysis is shown by the 
following :—

A consignment of pig-iron was received and 
spveral samples analysed, w ith the following 
re su lts :—G r., 2.75; C.C., 0.66; Si., 2.26; Mn., 
0.051; and P .,  1.03 per cent. This iron gave a
very close, dense fracture, and taken on its fracture
alone, likely to give a hard casting. B ut judging 
it from  its chemical composition i t  should give a 
soft casting, w ith good m achinability. To test the 
physical properties of th is iron, a quantity  was 
m elted and run  into test bars, moulded in green
6and. The first mould was stripped soon afte r it
was cast and the bars allowed to  cool in the atm o
sphere. The second mould was not disturbed until 
the  bars were quite cold. The first bars were not 
m achinable: the second lot were machined with 
difficulty. T his again shows th a t too much reliance 
cannot be placed on the chemical composition of the
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iron. The above examples are by no means isolated. 
Almost every week we receive consignments o f pig 
iron the frac tu re  of which is not in accordance 
with its  chemical composition and vice versa, and 
it  would be an im possibility to ob tain  regular results 
did we rely on analysis alone.

On th e  other hand, i t  is not alw ays advisable to 
rely upon the appearance of the  fracture. I t  often  
happens th a t a close-grained iron (chemical analysis 
and fracture  of which are in accordance), when cast, 
will have a m ore open grain  th an  i t  had  in  the 
pig, and upder hydraulic  test, leak, • thus showing 
its porosity. T h is class of iron can only be detected 
a fte r careful exam ination, a casual glance a t the 
frac tu re  and one m ight conclude th a t i t  was an 
ord inary  close No. 4, and would probably use it 
as such. B u t a fte r careful scru tiny  one sees the 
graphite  flakes are extrem ely small, g iving the  
fracture  an appearance sim ilar to th a t of a lump 
of fine sugar. An experts b las t furnacem an ex
plained th a t th is is caused by the iron being rapid ly  
cooled, which, if  w ith  a norm al ra te  of cooling, 
would have an open grain. T his is probably the 
explanation, because when re-m elted and cast into 
a te s t b a r or a casting  of m edium  thickness, the 
grain is more open th an  in  the original pig.

A High Strength Pig-Iron.
Another class of iron which gives rem arkable 

physical properties, although the analysis does not 
w arran t such, is shown by the follow ing :—T .C .. 
3.25; Gr.. 2.64; C.C., 0 .6l ; Si., 1.34; M n ,  0 .86: 
and S., 0.127 per cent. On the surface  of th is 
frac tu re  is a  fine netw ork struc tu re , a th in  w hite 
network, the interstices of which are dark  grey. 
T his is generally found in an iron containing a 
fa irly  high percentage of sulphur. I  have not been 
able to  sa tisfy  m yself about the  cause o f th is  
p articu lar struc tu re , b u t when exam ined m icro
scopically and a sulphur p rin t taken , one m ight 
suggest a theory as to the form ation of the  s tru c 
ture. The graphitic  carbon is finely divided, 
possibly due to rap id  cooling of the m etal a fte r  
m elting in the b last furnace. T his form s the  grey 
background, while the w hite portion , i.e ., the 
network appears to  be high in combined carbon, 
and from  the sulphur p rin t i t  is seen to be high 
in sulphur, and these conditions increase the 
strength considerably. One can only theorise as to 
how this struc tu re  is form ed. However, there is 
no doubt about its physical properties. The tes t 
bar 36 in. by  2 in. by  1 in. cast from the above
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iron gave a transverse load of Oil cwts. The deflec
tion a t 40 cwts. was 0.40 in. The machine on which 
it  was first tested  only registered up to 40 cwts. I t  
was then  transferred  to a larger machine, which 
is not provided w ith  a means of m easuring deflec
tion . Another bar w ith  practically the  same
an aly sis : T .C ., 3.25; G r., 2 .52; C .C., 0 .73; Si,
1.23; M n ,, 0 .99; S, 0.122; and P , 1.02 per cent,
cast w ith pig-iron, but w ithout the  network
structure , th e  pig-iron gave a transverse load on 
36 in. by 2 in. by 1 in. of 35 cwts. w ith a deflec
tion  o f 0.39 in. So th a t, although there is very 
l ittle  difference in  the chemical composition of these 
irons, there is a g reat difference in  the  physical 
properties.

The la s t figure quoted, may be considered excep
tionally  good by the m ajority  of foundrym en, bu t 
they a re  assured th a t they  are the  ru le ra ther than 
the  exception a t the contributor’s firm. This is only 
b rough t about by a very carefnl selection and 
m ixing of th e  brands of iron w ithout giving too 
much consideration to  the chemical composition.

Major M iles’s Contribution.
M a jo r  M iles, of T horncliffe  I ro n  W orks, sen t 

th e  follow ing c o n tr ib u tio n , w hich th e  le c tu re r  
read .

I t  is brought home to  me, more than  ever, that 
only the  bold or the  very ignorant would nowadays 
affirm a  belief in purely chemical or purely physical 
inform ation. T he reasons fo r saying so are as 
follows :—

(1) M odem  scientific research has broken down 
completely the barrier th a t  existed between purely 
chemical and purely physical effect. One has only 
to  bear in m ind, for instance, the  recent researches 
in  molecular structure  and into th e  activ ity  of p ro 
tons, ions, etc. A nother example is the  behaviour 
of oolloids. A fu rth e r exam ple which m ay be of 
in te rest to  foundrym en is th a t Professor W heeler has 
shown th a t neither CO nor CO. alone is formed 
where b last is applied to  hot carbon, b u t an intricate 
“  complex ”  of CO and C 0 2 depending on the  tem 
perature  and pressure. I f  purely chemical or purely 
physical effects cannot even be defined to  th e  exclu
sion of th e  other, one obviously cannot base the 
results o f tes ts  of one to the  exclusion of the  other, 
for practical working and pretend  to  have full in fo r
m ation.

(2) The foundrym an’s work is not only scientific 
—it is an a rt also. However much we reduce the
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skill bf the foundrym an to applications of general 
rules and figures, there will still be a wide m argin 
for the expression of the  foundrym an’s experience 
and what 1 m ight call his personality . For all we 
know of the chemical and  physical n a tu re  of pig- 
iron, it cannot be denied th a t a num ber of leading 
foundrym en, under certa in  conditions, use a ju d g 
m ent th a t is gained from  th e ir  previous general ex
perience, and not based solely on an array  of figures, 
though these are used to supplem ent h is experience.

(3) The question of cost m ust be considered. As 
is well known, the  economic use of pig-iron does not 
depend on the  least possible sum for which a given 
quan tity  of proportion of Fe. Si, M n, e tc ., can be 
o b ta in e d ; o r the least possible sum th e  largest 
num ber of cwts. transverse ; or tons tensile ; can be 
obtained ; though they  are very helpful guides. I t  
depends on th e  least possible sum for which the  
satisfactory  casting can be completed.

From the point of view of a m aker of pig-iron, the 
question of providing iron to analysis presents no 
difficulty, but if the  iron required falls outside the 
practical lim its of consistent m anufacture, the ex tra  
handling m ust be paid for.

T he “ normal lim its of consistent m anufacture ”  
can be described as, say, 0.25 e ither way in the  sili
con ; 0.10 above the  m axim um  • for su lp h u r; 0.20 
either wav for. m anganese, and 0.10 e ither way for 
phosphorus, though as one constituen t affects the 
o ther th e  num ber of perm utations and combinations 
of the quantities of the  elements in pig-iron is enor
mous, and consequently the chances of one or other 
of the above elements coming outside the specification 
are very great. Hence the  lim its of “ off grade ” iron 
are vastly  increased. I t  m ust be borne in m ind I  
speak from  our experience a t  Thorncliffe, where we 
m aintain a most rigid chemical control of our raw 
m aterials, and I  doubt w hether the m akers of large 
quantities of common iron would agree to the lim its 
I  have mentioned.

B ut if stric t lim its of the  analysis are insisted upon 
by the buyer of pig-iron, he m ust not grum ble if the 
fracture is not quite to h is liking, because o ther fac
tors operate, as you have explained, and no blast 
furnace operator can control all the  factors, all the 
time.

Who is to Analyse ?
A practical difficulty would arise in analysing. 

This would have to be done at the m akers’ works, or 
else the price would have to be enhanced to allow 
for the freigh t on possible rejections. As i t  is essen
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tia l th a t analysis be obtained within a few hours of 
th e  ca-st, i t  would require a  neu tra l analyst to be in 
residence a t the  b last furnaces, and this, again, would 
increase the  cost.

Adjudication of Value.
To sum up, my personal opinion may be sta ted  as 

follows regarding . the  quality of pig-iron I would 
purohase, a fte r ascertaining precisely the type of pig- 
iron I  required for a oertain job.

Out of a hundred m arks for the perfect iron in all 
respects, I  would allot :—

50 for analysis.
15 for physical tests (undeT the  same conditions 

as the finished casting).
10 for cleanness in m elting.
5 for appearance of the fracture.20 for my personal prejudice.

100
T he views of foundrymen on th is  allotm ent would 

be of value for the various pig-iron m akers of the 
country.

Conclusion.
T h e  v a rio u s  asp ects o f th e  su b je c t a re  n o t so

sim ple  as th e y  a p p e a r  a t  f irs t to  be.
I f  th e  u l t im a te  decision should  h e  fo r analysis, 

a n d  a n a ly sis  on ly , th e  p o sitio n  is a co m p ara tiv e ly  
sim ple one , especially  fo r th e  b la s t-fu rn a ce m an . 
The q u estio n  of su p p ly in g  to  f r a c tu re  on ly  h as 
been  o m itted , as th is  is a d ec lin in g  aspect, an d  
will fad e  aw ay in  n o t  m any  y e ars  from  now.

I f  th e  u l t im a te  decision is fo r f r a c tu re  a n d  
analy sis , th e n  th e  b la s t-fu rn a ce m an  h a s  to  m eet
a very  la rg e  p rob lem  an d  solve i t  as b est he m ay.
No d o u b t i t  c an  be  done, b u t  i t  w ill involve added  
costs fo r h a n d lin g  an d  checking. I t  will m ean 
fo r  h im  th e  h o ld in g  of a  g r e a t  m an y  p arce ls  of 
iro n , each  of an  ag reed  g ra d e  of f ra c tu re  and  its  
co m p lem en ta ry  analysis. W ith  th e  necessary  
tro u b le  ta k e n  i t  can  be done, b u t  i t  w ill cost 
m oney to  do i t  well.

A discussion follow ed, in  which th e  C h a irm a n  
(M r. W . H a g g as ) , M r. W ood, M r. J .  R obinson , 
M r. J .  Haiorh a n d  o th e rs  took p a r t ,  an d  th e  m eet
ing  closed by vo tes o f th a n k s  be ing  accorded  to  
th e  le c tu re r , M r. W ood, a n d  M a jo r M iles.
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MALLEABLE IRON CHAIN.

By J. W. Gardom, Member.

T h e  su b je c t of th is  P a p e r  was se lec ted  because  
i t  w as th o u g h t  t h a t  th e  m a n u fa c tu re  of a p ro d u c t  
w hich  len d s itse lf— a n d  is— m a n u fa c tu re d  on  
r e p e tit io n  lin e s w ould be o f in te r e s t  to  fo u n d ry -  
m en a t  th e  p re s e n t  tim e . F u r th e r ,  a  d e sc rip tio n  
of m a n u fa c tu r in g  m eth o d s  o f a  p a r t ic u la r  a r tic le  
enab les m ore  c o n s tru c tiv e  c r it ic ism  b e in g  offered  
th a n  w hen g e n e ra l p r in c ip le s  a r e  invo lved .

T he iro n  used  in  m ak in g  th is  c h a in  is  th e  E u ro 
p e an  o r w liite -h e a r t  m alleab le , as th is , w hen co r
re c tly  m ade , is m o re  s u ita b le  fo r  c h a in  t h a n  th e  
b la c k -h e a r t  iro n .

V a rio u s  ty p e s  of m alleab le  c h a in  a r e  p ro d u ced , 
such  a s  E w a rts , P in t le  a n d  G ray s ty p e . E ach  
sty le  h a s  a la rg e  n u m b er o f sizes, a n d  each  size 
a la rg e r  n u m b e r  o f d iffe re n t a t ta c h m e n t  lin k s . 
T h is  invo lves a  g r e a t  n u m b er o f  co s tly  p a t te rn s .

I t  is in te n d e d  to  d ea l m ore  p a r t ic u la r ly  w ith  
E w a r t ’s o r  d e ta ch a b le -ty p e  c h a in , a lth o u g h  th e  
m a n u fa c tu r in g  p r in c ip le  is s im ila r  fo r  th e  v a rio u s  
classes.

W h en  m ak in g  fo rg ed  c h a in  an d  cas t-s tee l c h a in , 
th e  lin k s a r e  jo in e d  to g e th e r  in  th e  process of 
m a n u fa c tu re , w h ils t in  som e c ases  in d iv id u a l  
lin k s a re  m ade , th e n  spaced  a l in k  a p a r t  in  a  long 
m ould , a n d  th e  in te rm e d ia te  l in k s  c a s t  th ro u g h  
th em . I n  a ll such  cases th e  com ple te  c h a in  is th e  
prob lem  of m a n u fa c tu re .

In  d e ta ch a b le  c h a in  th e  p ro d u c tio n  o f a c c u ra te  
in d iv id u a l l in k s  is  th e  p rob lem . T h e  m o u ld er 
m ay n e v e r see th e  co m p le ted  c h a in .

T he p re p a ra t io n  o f th e  p a t t e r n s  is spec ia lised  
w ork, w hile  p a r t ic u la r  c a re  is necessa ry  in  ru n n in g  
a n d  feed in g  th e  lin k s to  e n su re  p e r fe c t  soundness, 
and  to  c o u n te ra c t  th e  h ig h  c o n tra c tio n  in  m alleab le  
of ^ in . to  th e  foot.
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T he p a t te rn s  (F ig . 1) a re  m ade up  in  sp ray s 
of from  tw o to  s ix ty  lin k s , d e p en d e n t upon size, 
w ith  a n  odd side  o f p la s te r , tra v e rse  o r  m eta l. 
So f a r ,  i t  h as  n o t been possible to  use  m atc li-p la te  
p a t te rn s  fo r  th is  w ork.

Foundry.
F o r  m ould ing , a hand-squeezer p o rtab le  m achine 

is used, as is show n in  F ig . 3.
T h e  o p e ra tio n  of m ak in g  a m ould on th is  

m ach ine  is as fo llo w s: F i r s t ,  th e  odd  side w ith  
p a t te rn  a n d  b o tto m  box is p laced  in  th e  c e n tre  of 
th e  tab le , a n d  is r id d le d  on and  th e  box is shovel- 
filled w ith  san d . U sin g  th e  shovel h an d le , th e

F i g . 1 .— P a t t e r n s  f o r  M a l l e a b l e  C h a i n  a r e  
M a d e  Up i n  S p r a y s  p r o m  T w o  to  S i x t y  
L i n k s .

m ould  ra m s  ro u n d  th e  sides of th e  box. T he 
m ould  is s tru c k  off level an d  th e  b o tto m  b o a rd  is 
p laced  in  p o sitio n . T he p re sse r  to p  is pu lled  fo r
w ard  w ith  th e  le f t  h a n d , a n d  w ith  th e  r ig h t  h a n d  
the  lever on th e  r ig h t  of th e  m ach ine  is pressed 
on. T h e  box is  ro lled  over an d  th e  odd sid e  is 
rep laced  by th e  to p  box, a n d  th e  above o p e ra tio n s  
a re  re p e a te d , b u t  th e  p resse r b o a rd  is used , which 
has knobs fa s ten e d  to  i t  to  m a rk  th e  p o sitio n  of 
feed ers a n d  p o u rin g  g a te s  in s tea d  of th e  bo ttom  
b o ard . T h e  p re sse r  to p  is p ushed  b ack , th e  g a te  
an d  feed ers c u t  th ro u g h , and  th e  p a t te rn  tap p e d  
across th e  links, so t h a t  no a lte ra t io n  of th e  len g th  
ta k e s  p lace, w hich  would d estroy  th e  p itch .
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The m ould is th e n  o pened , th e  p a t t e rn  is w ith 
d raw n , an d  th e  cores p laced  in  p o sitio n . T he to p  
is rep laced , th e  sn ap  box opened a n d  p u t  on one 
side , an d  th e  m ould  p laced  on th e  floor in  a 
p o sitio n  fo r  ca s tin g .

T he m o u ld in g  o p e ra tio n s  h av e  been g iv en  in 
d e ta il  because i t  is  p roposed to  o u tlin e  som e figures 
of th e  o u tp u t  o b ta in e d . T hese  fig u res re p re s e n t  
w ork re p e a te d  d a ily , a n d  a re  g iv en  by a  u se r  to  
he lp  fo u n d ry  m an a g e rs  in  se lec tin g  a  m o u ld in g  
m ach in e  fo r th e i r  re q u ire m e n ts . I t  m u s t be r e 
m em bered  t h a t  d if fe re n t jo b s re q u ire  d iffe re n t 
m o u ld in g  m ach ines, a  p o in t  o f te n  fo rg o tte n , i t  
be ing  q u ite  u su a l, w hen a  ch an g e  is m ad e  fro m  
floor to  m ach ine  m o u ld in g , to  ex p ec t th e  one ty p e  
o f m ach in e  b o u g h t to  do  all th e  v a rio u s  w ork of 
a jo b b in g  fo u n d ry .

T he u su a l m ethod  of g iv in g  th e  n u m b e r of 
m oulds tu rn e d  o u t  by  a  m ac h in e  p e r  d ay  is n o t 
sa tis fa c to ry , because  no com p ariso n  can  be m ade  
of th e  lab o u r cost o f w o rk in g  th e  m ach in e . I t  
is p roposed, th e re fo re , to  g ive th e  o u tp u t  as m oulds 
p e r m an  p e r  h o u r. T h is  h as been o b ta in e d  by 
d iv id in g  th e  n u m b er of m oulds p u t  dow n firom 50 
m ach ines by th e  n u m b er of m en em ployed to  tu r n  
o u t  th e  c a s tin g s  from  th ese , a n d  in c lu d es th e  
lab o u r  eng ag ed  in  san d  p re p a ra t io n ,  m o u ld in g , 
c a s tin g , cupola  o p e ra tio n , a n d  th e  necessa ry  
g en era l lab o u r, c lean in g  up , e tc . I f  th is  m eth o d

F i c .  2 .— I l l u s t r a t i n g  t h e  M e t h o d  o f  R u n n i n g  
L i n k s .
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was a lw ays used, a  m ore  c o rre c t figure for com
p a r in g  one ty p e  o f m ach ine  w ith  a n o th e r  would 
be o b ta in e d .

T he figures g iven  in T able  I a re  a daily  av erag e.
T a b l e  [ . — O u tp u t fro m  M achine M ould  C hains.

Moulds
Size of box . Chain. Coves per hr.

per box per m an
14 x 14 x 3 x 3 in . 1-in. p itc h  60 7
18 x 10 x 3 x 3 in . l-J-in. p itc h  24 8
W h en  i t  is rem em b ered  t h a t  in  some cases a 

m an  is lay in g  as m any  as 4,000 cores a  day , i t  is 
th o u g h t t h a t  th e  B agshaw e concern  can  feel p roud  
of th is  o u tp u t .  To o b ta in  th is  i t  is e ssen tia l th a t  
every  h e lp , such as p e rfe c t p a t te rn s  an d  boxes 
a n d  eas ily -rid d led  san d , m u s t be g iv en  to  th e  
m ou lder, a n d  e v e ry th in g  possible s ta n d a rd ise d .

To g ive a g e n e ra l com parison  in  th is  fo u n d ry  
when th is  ty p e  o f m ach ine  is used, an  o u tp u t  of 
120 m oulds p e r  m ach ine  is o b ta in e d  in  e ig h t h o u rs 
fo r a 14 x 14 x 3 x 3-in. m ould  w ith  no cores.

To re liev e  m onotony , each  m ou lder “  lu rn s  
o ver ”  h is ow n san d , b rin g s  th e  necessary  fac in g  
san d  from  th e  m ill, b rin g s  h is  cores from  th e  core 
room , c as ts  an d  knocks o u t  h is  own w ork.

B y th is  m ethod  a  g re a te r  o u tp u t  p e r m an  is 
o b ta in e d  th a n  if m ono tony  is allow ed to  affect th e  
w ork by k e ep in g  a  m an  a t  one p a r t ic u la r  job.

T he cores used  a r e  m ade  u p  from  h a lf  red 
m ou ld ing  san d  a n d  h a lf  b u rn t  san d , to  which is 
ad d ed  v a rio u s sm all p ro p o rtio n s  of re sin . These 
a re  m ad e  up  in  b a n g in g  boxes, one g ir l tu rn in g  
o u t  4,000 cores fo r 1-in. p itc h  ch a in  pe r day .

All th e  w ork  is c a s t  from  h an d  ladles, which 
a re  filled d ire c t  from  th e  cu p o la . I t  is u sua l to  
o b ta in  th e  s tream  o f iro n  from  th e  cu p o la  a t  such 
a speed  t h a t  no “ h o ttin g  in  ”  is necessary  
d u r in g  th e  whole o f th e  cas t.

As soon as th e ' c a s tin g s  a re  se t, th ey  a re  
“  knocked  o u t ”  o f th e  m oulds. A t th e  end of 
th e  c a s t th e  feed ers an d  ru n n e rs  a re  . “  knocked 
off ”  an d  th e  lin k s passed to  th e  c lean in g  d e p a r t 
m en t.

A f te r  c lean in g , each link  is sub jec ted  to a double 
in sp ec tio n , w here a ll d e fec tiv e  m ould ing  o r links 
likely  to  g iv e  tro u b le  in to o - tig h t o r too-loose 
f i tt in g  a re  re je c te d .
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Annealing.
A fte r  in sp ec tio n , th e  w ork  is passed  to  th e  

a n n e a lin g  d e p a r tm e n t.  T h e  lin k s  a re  p laced  in  
iro n  boxes 2 f t .  6 in . x 2 f t .  x 1 f t . ,  .and su r-

F ig .  3 .— H a n d  S q u e e z e r  P o r t a b l e  M o u l d in g  
M a c h in e s  a r e  U s e d .

ro u n d e d  by o re . T h is  p a ck in g  m u s t be  c a re fu lly  
c a r r ie d  o u t, so t h a t  d is to r tio n  o f th e  lin k s  is 
avo ided  d u r in g  th e  h e a t  t r e a tm e n t .  S ix  boxes 
a re  p laced  o n e  upon  th e  o th e r  to  fo rm  a t ie r ,  
which is  th e n  conveyed in to  th e  a n n e a lin g  oven  ; 
w hen th e  ovens a re  fu ll, th e  doors a re  closed, lu te d  
u p  an d  f ir in g  com m enced. A f te r  a b o u t  48 h o u rs ’ 
firing , fu ll h e a t  te m p e ra tu re  o f a b o u t 900 deg . C. 
is reach ed . T he oven  is  th e n  h e ld  a t  th is  te m 
p e ra tu re  fo r  a d e fin ite  p e rio d , th e n  c losed  dow n, 
an d  th e  te m p e ra tu re  allow ed to  fa l l  to  750 deg . C. 
in  a g iv en  tim e . T h e  fu rn a c e  is th e n  a g a in  ta k e n  
up to  fu ll h e a t ,  a n d  th e  p rocess o f h o ld in g  a t  h e a t  
a n d  c losing  dow n is re p e a te d . T h e  n u m b e r  of 
h o u rs th e  fu rn a c e  is he ld  a t  fu ll h e a t  in  e ach  h ig h - 
te m p e ra tu re  p e rio d , a n d  th e  n u m b e r  of tim e s  th e  
te m p e ra tu re  is allow ed to  fa ll, is  d e p e n d e n t u p o n  
th e  chem ical co m position  o f th e  iro n , th e  o re  
s t re n g th , a n d  th e  th ic k n e ss  o f th e  w ork to  he  
an n ea led . A f te r  th e  necessa ry  a n n e a lin g  t im e  
th e  fu rn a c e  is allow ed to  fa ll to  below 600 deg. C ., 
w hen th e  t ie r s  of p a n s  a re  w ith d raw n  a n d  th é  
cas tin g s dum ped  on  to  g rid s . A f te r  b e in g  ru m b led
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th ey  a re  su b jec ted  to  a  second in sp ectio n  and  
passed  in to  th e  g r in d in g  d e p a r tm e n t, w here th e  
ru n n e rs  a re  g ro u n d  off. M ost of th e  lin k s be ing  
ru n  on  th e  hook, i t  is necessary  to  use g r e a t  care  
in  g r in d in g , so  t h a t  th e  c o rre c t fo rm  of th e  hook 
is n o t  d estro y ed , th is  com ing in to  m esh w ith  th e  
te e th  of th e  sp ro ck e t wheel w hen th e  ch a in  is 
in  use (F ig . 6). ,

A ssem bling  th e  ch a in  is p e rh ap s  th e  m ost in 
te re s t in g  p a r t  of th e  m a n u fa c tu re , an d  th e  cost 
of th e  o p e ra tio n  is n o t h ig h , ow ing to  th e  ease 
w ith  w hich th e  lin k s c a n  be p u t  to g e th e r. C are , 
how ever, m u st be ta k e n  t h a t  th e  fit is n o t so loose 
th a ’t  th e  lin k s  w ill come a p a r t  in  h a n d lin g . A 
“ n ip  ”  is p laced  in  th e  side a rm s close to  th e  
ta i l  b a r . T h is  allow s one lin k  to  slip  in to  a n o th e r 
w hen th e  lin k s  a re  he ld  a t  a n  ang le  of 60 to  70 
d eg rees one w ith  th e  o th e r . E ac h  lin k  is ta k e n  
from  a  stock p ile  p laced  a t  th e  p ro p e r ang le , w ith  
re sp ec t to  th e  la s t  lin k , p ressed  in to  positio n , an d  
th en  s tra ig h te n e d  (F ig . 7).

T h e  lin k s  a re  m ad e  u p  in to  10-ft. coils, each 
coil b e in g  te s te d  a g a in s t  a s ta n d a rd  to  check th e  
p itch .

T he allow able v a r ia tio n  of a  10-ft. coil being  
p lus o r  m in u s ^ in ., each coil is now su b je c t on 
a  specia l te s t  m ach in e  to  a  com bined ten s ile  an d  
shock te s t  of double th e  w ork in g  s tra in .  T he coils 
a re  a g a in  checked fo r  p itc h  a g a in s t  a s ta n d a rd  
an d , if  c o rrec t, a re  passed  in to  sto res.

M etallurgy of C hain Making.
T u rn in g  now to  th e  m eta llu rg ic a l side o f th e  

p ro d u c tio n  of m alleab le  iro n  ch a in , i t  is in 
ten d e d  to  go th ro u g h  each  s tag e  of th e  p ro d u c 
tio n , p o in tin g  o u t  th e  th eo re tic a l side o f th e  p ro 
cess, b u t  m ore  p a r tic u la r ly  to  lay  s tre ss  u p o n  th e  
a p p lic a tio n  of th e  th eo ry  to  th e  p ra c tic e . The 
iron , as c as t, has a  chem ica l com position  of 
a p p ro x im a te ly :—T .C ., 3 .2 ; S i, 0 .6 ; S ., 0 .2 5 ; P . ,  
0 .1 ; a n d  M n, 0.13 p e r  cen t. E ac h  c o n s titu e n t 
m u s t be k e p t  w ith in  very  close lim its  of th ese  
figures, a n d  such an  iro n , w hen broken , m u st give 
a w h ite  f ra c tu re ,  a n d  when ex am in ed  m icroscopic
ally , m u s t show p e a r l i te ,  a s a  d a rk  c o n s titu e n t, 
an d  w h ite  c em en tite . To p ro d u ce  such an  iro n  in 
th e  cu p o la  is difficult. I t  m u st be rem em bered
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th a t  th e  w ork  to  be c a s t  is very  sm all, so t h a t  a 
v e ry  h o t iro n  is re q u ire d . T he u su a l m eth o d  ob 
ta in in g  h o t iro n  is to  in c re ase  th e  coke to  iron  
m e ltin g  r a t io ,  b u t  th is  would m ean  in c reased  
carb o n  a b so rp tio n  by th e  m o lten  m e ta l, a n d  as 
any  in c rease  in  T .C . is a  d isa d v a n ta g e , v e ry  close 
w a tch  m u s t be  k e p t  upon  th e  coke c h a rg e s  an d  
th e« a ir  su p p ly . T he d e s ired  re s u l t  is b e s t o b ta in e d  
by u s in g  a  ve ry  so f t  b la s t a n d  m e ltin g  so m ew hat 
on  th e  ‘slow side, th is  m eth o d  of m e ltin g  also 
h e lp in g  to  red u ce  th e  p o ss ib ility  o f o v e r-o x id a tio n  
of th e  m eta l, which w ith  such a  low silicon c o n te n t  
is liab le. I t  h a s  been  s ta te d  by  M ons. T .

F i g . 4 .— T h e  A n n e a l in g  O v e n s .

Levoz, “ F o n d e rie  M o d e rn e ,”  J u n e ,  1922, t h a t  
o x id a tio n  o f th e  iro n  d u r in g  m e ltin g  is th e  cause  
of m ost fa ilunes in  m alleab le  iro n  p ro d u c tio n .

F u r th e r ,  i t  is necessa ry  t h a t  th e  com position  of 
th e  iro n  sho u ld  n o t v a ry  a t  a n y  p a r t  of th e  c a s t. 
To o b ta in  th is  re su lt,  v a rio u s  m eth o d s h a v e  been 
t r ie d ,  such as a  re ce iv e r in  f r o n t  o f th e  cupola , 
a  double  tap -h o le , one above th e  o th e r ,  so t h a t  a 
q u a n ti ty  of iro n  is held  in  th e  c ru c ib le  of th e  
cu p o la . B o th  th ese  m eth o d s te n d  to  cool th e  
iro n , so t h a t  to  w ork  th em  successfu lly  a  h ig h  
m eltin g  te m p e ra tu re  m u s t be u sed , w ith  i ts  con
sequen t d e tr im e n ta l  in crease  in  c a rb o n  ab so rp tio n . 
T hey have  th e re fo re  been d isca rd ed , a n d  a d v a n ta g e  
is ta k e n  of th e  p ra c tic a lly  d e m o n s tra te d  f a c t  t h a t  
th e  ch arg es  in  th e  cu p o la  c a n n o t be d e fin ite ly  
se p a ra te d . I t  is well know n t h a t  th e  increase  in 
su lp h u r an d  loss of silicon is  g re a te r  a t  th e  b e g in 
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n in g  of a  c a s t th a n  a t  th e  end . The ch arg es a re  
th e re fo re  m ade u p  acco rd ing ly , i.e .,  w ith  a  decreas
ing  silicon c o n te n t  from  th e  firs t to  th e  la s t  ch arge , 
a n d  a n  in c re as in g  su lp h u r  co n ten t.

As m ore th a n  o ne  ch arg e  is in  th e  m eltin g  zone 
a t  a tim e , a  p ra c tic a lly  c o n s ta n t  chem ica l com 
p o sitio n  is o b ta in e d . T his is checked by h av in g  
a n  an a ly s is  from  a te s t-b a r  c a s t every  1 to n  of 
m e ta l m elted . T h e  m oulds a re  knocked o u t  as 
soon as th e  c a s tin g s  a re  s o l id ; th is  is an  a id  to  
th e  r e ta r d in g  of g ra p h ite  fo rm a tio n , as i t  is well 
e s tab lish ed  t h a t  slow-cooling o f iro n  p roduces 
la rg e  g ra p h ite  flakes. A ny p a r tic le s  of g ra p h ite  
p re se n t in  th e  “  as cas t ”  m a te r ia l  l im it  th e  possi
b ility  of o b ta in in g  good b en d in g  p ro p e rtie s  a f te r  
a n n ea lin g .

Annealing.
W hile  i t  is p e rfe c tly  t ru e  to  s ta te  th a t ,  unless 

th e  c a s tin g s  rece ived  from  th e  fo u n d ry  a re  of th e  
co rrec t chem ical a n d  m icroscopical com position, 
no  a m o u n t o f a n n e a lin g  w ill p ro duce  m alleab le  
iro n , 90 p e r  cen t, of th e  d e fec tiv e  m alleab le  p ro 
duced is du e  to  in c o rre c t a n n ea lin g .

Pyrometers.
P y ro m e te rs  a re  used  to  co n tro l th e  h e a t  t r e a t 

m en t. I t  is c e r ta in ly  su rp r is in g  to  h e a r  m en in 
ch arg e  of h e a t- tr e a tm e n t  wprlc say  th a t  p y ro m eters 
a re  useless, p a r tic u la r ly  w hen in  some cases th ese  
m en h av e  a c tu a lly  w orked w ith  p y ro m eters . N o 
h e a t  t r e a tm e n t  can  be c o n s tan tly  re p e a te d  suc
cessfu lly  w ith o u t th e  use of som e m echan ical check 
upon  th e  te m p e ra tu re s . T he p re sen t-d a y  p y ro 
m e te r  is  q u ite  a  ro b u s t in s tru m e n t, a n d  w ith  
o rd in a ry  c a re  a n d  a l i t t le  u n d e rs ta n d in g  w ill give 
y e a rs  of serv ice.

In  u s in g  a  p y ro m ete r, th e  m ain  p o in t to  be re 
m em bered  is t h a t  th e  te m p e ra tu re  re a d in g  shown 
u p o n  th e  in d ic a to r  is on ly  th e  te m p e ra tu re  of th e  
fu rn a c e  a t  th e  p a r t ic u la r  p o in t w here th e  couple 
is in se r te d . In  a  la rg e  room  i t  is obvious t h a t  a 
th e rm o m ete r  p laced  in  th e  d r a f t  from  a  w indow 
o r doorw ay  could  n o t give th e  co rrec t te m p e ra 
tu r e  of th e  room , y e t t h a t  is so o ften  ex ac tly  "what 
a p y ro m e te r  is expected  to  do. C ouples a re  o ften  
seen so p laced  in  a  fu rn a c e  t h a t  th e  flam e from  
th e  h e a tin g  source  p lays a ro u n d  them . T he cor-

z



rect p o sitio n  of a p y ro m e te r  is fo r th e  h o t  ju n c 
t io n  o f th e  couple to  be in  c o n ta c t  w ith  th e  work. 
T h a t  is, fo r th e  p re s e n t  c o n d itio n s , i t  sh o u ld  he 
b u ried  in to  th e  c e n tre  o f a  row . T h is  is n o t  p ra c 
t ic a l,  because  of th e  excessive  le n g th  o f couple  
t h a t  would be  re q u ire d , a n d  also th e  n u m b er of 
b reak ag es  d ue  to  th e  row s s e t t l in g  dow n  d u r in g  
th e  h e a t  t r e a tm e n t .

To overcom e th is  d ifficulty  i t  w as n ecessa ry  so 
to  p lace  th e  p y ro m e te r t h a t  i ts  re a d in g  w ould  give 
a s im ila r  f ig u re  to  t h a t  o b ta in in g  if  th e  coup le
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h a d  been p laced  in  th e  ce 'n tre  of th e  row . T his 
co n d itio n  was o b ta in e d  by p la c in g  o ne  couple  in  
c o n ta c t w ith  th e  w ork a n d  a n o th e r  co u p le  th ro u g h  
th e  fu rn a c e  wall w ith  fireb rick  in su la tio n  a ro u n d  
th e  h o t ju n c tio n . T h e  th ic k n e ss  o f th is  in su la 
tio n  was v a rie d  u n t i l  a d e fin ite  r a t io  w as o b ta in e d  
be tw een  th e  th ic k n e ss  of f ireb rick  a n d  d e p th  of 
o re  an d  w ork, to  g ive a s im ila r  h e a t  p e n e tra t io n .

Ore.
T he w ork  is p ack ed  in  h e m a tite  o re , a  p ro p o r 

tio n  of new o re  b e in g  u sed  w ith  a  p ro p o r t io n  of 
old o re . T h e  physica l a d v a n ta g e  o f th is  p a ck in g  
is to  p re v e n t  u n d u e  d is to r tio n  o f th e  c a s tin g s  
d u r in g  th e  a n n e a lin g  process. I t s  ch em ica l a c tio n  
is th a t  th e  fe rr ic  o x id e  of th e  o re  sp lits  u p  w hen 
h e a ted , g iv in g  off o x ygen  g as, w hich  d ire c tly  o r 
in d ire c tly  com bines w ith  th e  c a rb o n  o f th e  c a s t
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ing . T h ere  can  he no d o u b t t h a t  th e  fe rr ic  ox id e  
p re se n t  in  th e  o re  is th e  e ssen tia l c o n s titu e n t 
g o v e rn in g  th e  a n n e a lin g  process, a lth o u g h  i t  has 
been shown t h a t  such im p u rit ie s  as ox ides of 
calc ium  a n d  m an g an ese  m u st be  k e p t w ith in  c e r
ta in  lim its . As, how ever, d iffe re n t b ra n d s  of 
a n n e a lin g  o re  v a ry  in  th e ir  fe rr ic  o x ide  c o n te n t 
from  as low as 75 p e r  cen t, to  as h ig h  as 97 p e r 
c en t., i t  is su rp r is in g  t h a t  th e  s t re n g th  o f a n n e a l
in g  o re  to  be  u sed  is spoken of as one o f new  to  
six o f old, o r  as a d d in g  sufficient new ore to  re 
p lace t h a t  lost in  use. T h e  a u th o r  has advanced  
a s ta g e  f u r th e r  in  h is  w ork  to  th e  follow ing 
f ig u re s :— F o r  w ork o f less th a n  J-in . d ia ., th e  ore 
m ix tu re  c o n ta in s  4 p e r  cen t, of fe rr ic  o x id e ; from
4-in. to  4-in . d ia ., 7 p e r cen t. ; from  J-in . to  1-in. 
d ia ., 10 p e r  c e n t . ;  a n d  above 1-in. d ia ., 15 per 
cen t.

Close w atch  is k e p t  u p o n  im p u ritie s  an d  also 
u pon  th e  s ilica  c o n te n t, w hich is ve ry  im p o r ta n t:  
I t  is to  Keep th e  silica  c o n te n t to  th e  d esired  r a tio  
th a t  th e  o re  is sieved a f te r  each  h e a t  t r e a tm e n t.

To c o n fe r upon  th e  b r i t t le  “  as c a s t ”  w h ite  iron , 
th e  d e s irab le  m alleab le  q u a lity  chem ical an d  
m icroscopical ch an g es m u s t  ta k e  p lace. Only one 
chem ical c o n s t itu e n t  is ap p rec iab ly  a l t e r e d ; th is  
is th e  c a rb o n , w hich is g re a tly  low ered, th e  am o u n t 
d ep en d in g  upon  th e  t im e  of a n n ea lin g  an d  th e  
p e rce n ta g e  o f th e  o th e r  c o n s titu e n ts  p re sen t. An 
an n ea led  lin k  u n d e r  th e  co n d itio n s o u tlin e d  
would hav e  ab o u t 1 p e r  cen t. T .C . M icro
scopically , th e  h a rd  cem en tite , w ith  th e  e lim in a 
tio n  of carb o n , is b roken  down in to  p e a r lite , w ith  
m ore o r  less f e r r i te  d ep en d in g  u p o n  th e  e x te n t  
o f an n ea lin g .

T he ease  w ith  w hich th is  b reak d o w n  of cem en
t i t e  a n d  th e  e lim in a tio n  o f ca rb o n  ta k e s  p lace  is 
d e p en d e n t upon  th e  a m o u n ts  of th e  o th e r  c o n sti
tu e n ts  p re se n t, p a r tic u la r ly  silicon an d  su lp h u r. 
Also' th e  te m p e ra tu re  o f th e  a n n e a l, th e  tim e  a t  
a n n e a lin g  te m p e ra tu re , an d  th e  s tre n g th  of th e  
ore . T h a t  carb o n  is b u r n t  o u t  d u r in g  an n ea lin g  
th e re  can  be no  d o u b t, as th is  is c learly  shown by 
a sim ple  chem ical an aly sis, a s well as by m icro
scopic e x am in a tio n . T he a c tu a l m eans, how ever, 
by which th e  oxygen an d  ca rb o n  com bine have  n o t 
y e t  been proved , T h e  f irs t  a c tio n  m u s t meces-
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sa rily  be  th e  b reak d o w n  of th e  cem en tite . T h is  is 
follow ed by th e  e lim in a tio n  o f c a rb o n  by o x id a tio n . 
I t  is p ro b ab le  t h a t  th is  co m b in a tio n  o f c a rb o n  a n d  
o xygen  is  a  seco n d ary  re a c tio n . Does th e  a c t iv e  
g as a c tu a lly  p e n e t r a te  in to  th e  c a s tin g , co m bine  
w ith  th e  c a rb o n , a n d  th e n  p a ss  o u t a g a in  in to  
th e  a tm o sp h e re , o r  does th is  a c tio n  on ly  ta k e  p lace  
on th e  su rfa ce  o f th e  c a s tin g ?

A s tu d y  o f P a p e rs  o n  “ M alleab le  ”  b e fo re  th e  
I n s t i tu t e  o f B r i t is h  F o u n d ry m e n , a n d  th e  d iscu s
sions by  m em bers u p o n  th ese  P a p e rs ,  seem  to  
show t h a t  th e  p e n e tr a t io n  o f th e  g a s  in to  th e  
c a s tin g  is g e n e ra lly  accep ted . W ith  th is  th e o ry , 
how ever, th e  a u th o r  c a n n o t ag ree . H e  believes

F i g .  6.— T h e  G r i n d i n g  o f  t h e  L i n k s .

th a t  o x id a tio n  o f th e  c a rb o n  by th e  a c tiv e  g as can , 
u n d e r  n o rm a l c o n d itio n s , o n ly  ta k e  p lace  on  th e  
su rfa c e  of th e  cas tin g . T h is  b e in g  th e  case, th en  
th e  e lim in a tio n  of ca rb o n  fro m  th e  c e n tre  of th e  
c a s tin g  c a n  on ly  ta k e  p lace by m ig ra t io n  o f ca rb o n  
from  th e  in s id e  to  th e  su rfa c e  o f th e  c a s tin g , w here  
i t  w ill th e n  com e in to  c o n ta c t  w ith  th e  a c tiv e  gas 
a n d  be o x id ised  aw ay . T h is  can  p e rh a p s  be  b e t te r  
i l lu s tra te d  by  F ig .  8.

S u p p o s in g  th is  f ig u re  re p re se n ts  a  sec tio n  o f a 
h a rd , w h ite  cas tin g . T he p e rc e n ta g e  o f ca rb o n  
p re se n t th ro u g h o u t th e  sec tio n  w ill b e  c o n s ta n t  if  
ta k e n  a t  v a ry in g  d e p th s  re p re se n te d  by  th e  lines 
A, B, C, D, E  an d  F . Now su rro u n d  th is  sec tion  
by ac tiv e  gas a t  a  su ita b le  te m p e ra tu re ,  a n d  th e
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carb o n  a t  th e  su rfa ce  will com bine w ith  th e  gas 
an d  be ox id ised . F u r th e r  o x id a tio n  c a n n o t ta k e  
p lace  u n t i l  th e  low ered carb o n  c o n te n t a t  A h as 
been re s to red  by m ig ra tio n  of carbon  m olecules 
from  a p o in t  w ith in  th e  sec tion , say B , w hich in 
tu r n  rece ives carb o n  from  p o in ts  n e a re r  th e  c e n tre  
of th e  sec tion  u n t il  F  is reach ed . I f  th is  th eo ry  
is c o rrec t, th e n  d e ca rb o n isa tio n  can  only  ta k e  place 
a t  a r a te  d e p e n d e n t u p o n  th e  speed a t  which th e  
carb o n  m olecules w ill m ig ra te  to  th e  su rface .

Experimental Work.
D u rin g  th e  p a s t  tw elve m o n th s th e  B agshaw e 

C om pany  h as, in  i ts  lab o ra to ry , c a r r ie d  o u t n u m er
ous te s ts  to  p rove  th is  th eo ry . T he m ethods used  
have  been p a r t ia l ly  to  an n ea l test-bairs o b ta in in g  
an  e x te r io r  low in  ca rb o n  an d  th e  in te r io r  w ith  a 
h igh -carbon  c o n te n t. T bese  b a rs  w ere th e n  packed 
in in e r t  m a te r ia l  a n d  h e a te d  to  v a rio u s  te m p e ra 
tu r e s  fo r v a ry in g  pe rio d s . T h e  w ork  is n o t y e t 
com plete , b u t  th e  re su lts  te n d  to  show t h a t  n o t 
only  does th is  m ig ra tio n  o f carb o n  ta k e  p lace, b u t 
t h a t  v a ry in g  p e rce n ta g e s  of chem ical c o n s titu e n ts  
p re se n t in  m alleab le  h a v e  an  in fluence upon  th e  
m ig ra tio n  speed of th e  c a rb o n .

F ro m  re sea rch  w ork a n d  p ra c tic a l ex p erien ce  
i t  is know n t h a t  d e ca rb o n isa tio n  of th e  iro n  c an 
n o t ta k e  p lace  u n t i l  a te m p e ra tu re  o f a b o u t 900 
deg. C. h a s  been reach ed . I t  is, how ever, a  well- 
estab lish ed  m e ta llu rg ic a l f a c t  t h a t  diffusion  of 
carb o n  c a n  ta k e  p lace  well below th is  te m p e ra tu re , 
b u t  m ore re a d ily  a t  an y  p o in t above w hich th e  
carb o n  ex is ts  as solid so lu tion . R e fe ren ce  to  th e  
iro n -ca rb o n  c o n s titu t io n a l  d iag ra m  will show th a t  
th is  p o in t  m ay  be as low as 710 deg. C. I t  is 
seen, th e re fo re , t h a t  th e re  is a c r itic a l te m p e ra tu re  
below which d e ca rb o n isa tio n  c a n n o t ta k e  p la c e ; 
th is  is in  th e  ne ig h b o u rh o o d  of 900 deg. C ., and  
a  d e fin ite  te m p e ra tu re  above which diffusion  of 
carbon  can  ta k e  p lace  m ore  o r  less ra p id ly ; th is  
fo r m alleab le  iro n  is ab o u t 750 deg. C.

. Suppose, th e n , th e  w ork packed  in  a n n ea lin g  
o re  is b ro u g h t u p  to  a n n ea lin g  te m p e ra tu re  and  
held  a t  t h a t  te m p e ra tu re  fo r a d e fin ite  p eriod . 
T he carb o n  of th e  su rfa ce  will be  ox id ised  aw ay, 
and  no f u r th e r  d eca rb o n isa tio n  can  ta k e  p lace  
u n t i l  th e  defic it h a s  been rep laced  by diffusion  of 
carb o n  firom th e  in te r io r .
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Diffusion.
As, how ever, th is  d iffusion  can ta k e  p lace  ra p id ly  

below th e  d eca rb o n isa tio n  te m p e ra tu re ,  i t  is p e r-

T T g . 7 . —A s s e m b l i n g  t h e  L i n k s .

fectly  reaso n ab le  to  allow th e  fu rn a c e  te m p e ra tu re  
to  d rop  below th e  c r it ic a l  d eca rb o n isa tio n  te m p e ra 
tu re ,  a n d  as lo n g  as th e  d ro p  is n o t  below  th e  
p o in t a t  which d iffusion  is ra p id ly  re ta rd e d ,  th e n  
a n n e a lin g  (from  th e  e sse n tia l e lim in a tio n  of c a r 
bon p o in t  o f view ) is v ir tu a l ly  s t i l l  ta k in g  p lace . 
T h is is th e  e x p la n a tio n  o f th e  “ close d o w n ”  
p e rio d s d u r in g  th e  a n n e a lin g  cycle.

D efec ts d u e  to  in c o rre c t a n n e a lin g  a re  m an y , 
b u t  th e  g re a te s t  is t h a t  know n  as sk in n in g . T h is  
is shown on b en d in g  th e  w ork  by th e  o u te r  sk in  of 
th e  c a s tin g  s e p a ra t in g  from  th e  co re . I n  i t s  w orst 
fo rm  th e  c e n tre  o f a  b a r  c a n  a c tu a lly  b e  w ith 
d ra w n ,' leav in g  a n  e x te r io r  tu b e . T h e  cause  of 
th is  h as, a t  d iffe re n t tim es, been  p u t  dow n to  :—
(1) Too r a p id  h e a tin g -u p  of th e  fu rn a c e s ;  (2) a 
too h ig h  su lp h u r c o n te n t ;  (3) th e  use  o f a to o  h ig h  
te m p e ra tu r e ; (4) a  too  h ig h  m an g an ese  c o n te n t ; 
an d  (5) too  s tro n g  ore . T hese  fa c to rs  can  a ll be 
b ro u g h t u n d e r  o n e  d efin itio n  if  one says sk in n in g  
ta k e s  p lace  “  w hen th e  r a te  of carb o n  d iffusion  
from  th e  in te r io r  to  th e  su rfa c e  is less t h a n  th e  
r a te  of c a rb o n  e lim in a tio n  a t  th e  su rfa c e  by 
o x id a t io n .”  I t  h as  been s ta te d  t h a t  th e  p e rio d s
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a t  fu ll h e a t v a ry  acco rd in g  to  th e  sdction  of th e  
work to  be a n n e a le d —co m pare  th e  r a t io  of th e  
su rfa ce  o f a  sec tion  to  th e  sec tio n al a re a  of 
d iffe re n t d ia m e te r  b a rs , an d  th e  e x p la n a tio n  is 
seen (in  T ab le  I I ) :  —

I  a b l e  I I . — S h o w in g  th e  R a tio  of C ircum ference  
to  A rea .

lta t io  of circum-
D ia. of B ar. C ircum ference. Area. ference to  Area.

1 in . 0.785 0.0491 16 to  1
£ in . 1.507 0.1963 S to  1
1 in . 3.141 0.7854 ' 4 to  1

As th e  source o f su p p ly  -of carb o n  to  th a t  
e lim in a ted  on  th e  su rfa ce  is so m uch g re a te r  in 
th e  1-in. b a r  to  th e  ^-in . b a r , i t  is possible to  keep 
la rg e r  sec tion  w ork a t  th e  d ecarb o n is in g  te m 
p e ra tu re  lo n g er befo re  th e  f irs t close-down th a n  
lig h t section  w ork.

I t  m u st be rem em b ered  th a t  diffusion o f carbon  
tak es p lace  m ore ra p id ly  th e  h ig h e r th e  te m p e ra 
tu re ,  a n d  as i t  is  necessary , fo r  com m ercial 
reasons, to  c u t th e  len g th  o f tim e  in  th e  a n n ea l
ing  ovens to  th e  m in im u m , th e  longer th e  periods 
a t  th e  h igh  te m p e ra tu re ,  th e  q u ick e r th e  e lim in a 
tio n  o f carbon , an d  co n seq u en tly  th e  a n n ea lin g .

E ach  10-ft. coil, w hen te s te d  a g a in s t a 
s ta n d a rd  fo r p itc h , is on ly  allow ed a  v a r ia tio n  
o f p lus o r  m in u s £ in . in  10 f t .  A f te r  a ll th e  
know n m echan ical e r ro rs  h a d  been e lim in a ted , i t  
was s ti ll  fo u n d  t h a t  th e  p itc h  of th e  c h a in  v a ried  
from  one b a tch  to  th e  n e x t. E x p e rim e n ta l work 
was s ta r te d  to  find th e  cause  o f th is . K e ep s’ 
12-in. b a rs  w ere u s e d ; th ese  w ere m easu red  a f te r  
c a s tin g  and  a f te r  v a rio u s  h e a t  t re a tm e n ts .

T he b a rs  w ere c a s t d ire c t from  th e  fu rn a c e  on 
d iffe ren t days a n d  a t  d iffe re n t tim es, a n d  annealed  
in th e  u su a l w ay. In  th e  first fifty  b a rs  exam ined  
th e  fo llow ing v a r ia tio n s  d u r in g  a n n ea l a re  shown 
in T able  I I I :  —
T a b l e  I I I . — In flu en ce  o f A n n ea lin g  on L e n g th .

L ab. No.
L en gth , 

u s Cast.
L en gth .

after  A nneal. D ifference. Bend.
306 11.866 11.808 — .058 in. 45°
402 11.865 11 858 — .007 in. 90°
507 11.868 11.868 +  .000 in. 70°
560 11.870 11.880 +  .010 in . 73°
570 11.875 11.950 +  .075 in . 45°



B y a  g ra d u a l  e lim in a tio n  of v a ry in g  fa c to rs  it 
c a n ” now be d efin ite ly  s ta te d ,  from  th e  s tu d y  of
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some 600 te s ts  in  th is  se ries , t h a t  if  a ll o th e r  
c o n d itio n s  a re  id e n tic a l,  th e n  a  sm all v a r ia tio n  
of th e  s ilicon  c o n te n t  is  suffic ient co m ple te ly  to  
a lte r  th e  p itc h  of th e  ch a in s. T h e  d ec id in g  fa c to r  
a p p e a rs  to  d ep en d  u p o n  how  th e  iro n  c a rb id e  is 
sp l i t  u p  in  th e  f irs t  in s ta n c e . I f  te m p e r  c a rb o n  
is d ep o sited  a g ro w th  is o b ta in e d . I f  d e c a rb o n i
sa tio n  ta k e s  p lace  a t  th e  m om ent o f th e  cem en- 
t i t e  b reak d o w n , th e n  a  c o n tra c t io n  ta k e s  p lace. 
T h is is a c tu a lly  th e  d ifference  be tw een  b la c k -h e a r t  
a n d  w h ite -h e a r t  m alleab le . Of th e  u su a l co n 
s t i tu e n ts  p re s e n t  in  m alleab le , th e  T .C ., S i, S, 
a n d  M n c an  each  in fluence th e  w ay in  w hich  th e  
c e m e n tite  is b ro k en  dow n, a n d  so can  a l te r  th e  
p itch  of th e  ch a in .

T es t-b a rs  w ere  p re p a re d  w ith  a  s ta n d a r d  a n a ly 
sis of T .C . 3 .4 , su lp h u r  0 .28, p h o sp h o ru s 0.06, and  
m an g an ese  0.16 p e r  c e n t .,  b u t  w ith  th e  silicon 
v a ry in g  fro m  0.35 u p  to  0.80 p e r  cen t. W h en  th e  
silicon was 0.56 p e r  c en t., th e  le n g th  of th e  bar*  
d id  n o t v a ry  d u r in g  th e  t im e  o f a n  o rd in a ry  
a n n ea l. Below th is  figu re  c o n tra c tio n  to o k  p lace, 
a n d  above 0 .56  p e r  cen t, a  g ro w th .

* W hitet th e  silico n  varied , th e  rest o f th e  a n a ly s is  w as  
con stant a t T.C., 3.4; S ., 0.28; P ., 0.06; and M n., 0J.6 p e r c e n t.
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As w as to  be ex p ec ted  on r e p e a te d  annealing , 
w hich m eans e lim in a tio n  o f c a rb o n , th e  b a rs  con
t r a c te d  u n t il  a  s ta n d a rd  figu re  was reach ed . T h is 
is show n by T ab le  IV , a  s tu d y  of which shows th a t  
th e  p itc h  o f th e  lin k s  can  be v a rie d  by slig h t 
d ifference in chem ical com position , an d  also by 
d iffe re n t a n n e a lin g  tim es.
T a b l e  IV .— K eep s ' B ars A n n ea led  in  L ig h t  Ovens. 

Lab. N o . 549/779 558/800 559/801
Si.,%   0.56 0.59 0.65
O rig in a l len g th  of bar 11.868 in . 11.865 in 11873 in .

L en gth .
D iffer D iffer Differ-

1st A nneal.
ence. L en gth . en ce . L en gth . ence.

11.868 .000 in. 11.869 .004 11.903 .030
2nd A nneal. 11.842 .026 in. 11.847 .018 11.893 .020
3rd A nneal. 11.848 .020 in. 11.845 .020 11.891 .018
4th A nneal. 11.843 .025 in. 11.842 .023 11.887 .014
5th A nneal. 11.842 .923 11.875 .002

Bend. 180 180 180
U nbroken. U nbroken. U nbroken.

DISCUSSION.

T h e  B r a n c h - P r e s id e n t  (M r. V. C. F a u lk n e r)  
sa id  t h a t  M r. G ardom , p ro b ab ly  r ig h tly , h ad  
th ro w n  ov er an  estab lish ed  law  o f econom ics, 
w hich sa id  t h a t  no w ork  should  be g iven  to  a 
sk illed  m an  w hen i t  could be done by a lower- 
p riced  m an ; th e  le c tu re r  h a d  h is m oulders ru n n in g  
a ro u n d  fe tc h in g  cores a n d  sa n d . M r. G ardom  
had  given no in fo rm a tio n  as to  th e  life  of 
th e  a n n e a lin g  boxes. I f  he  ( th e  B ra n ch -P re s id e n t)  
rem em b ered  rig h tly , M r. Poole, w hen sp eak in g  on 
th is  su b jec t, b ad  s ta te d  t h a t  th ey  only  la s te d  th re e  
o r  fo u r  h e a ts . A business was b e in g  developed by 
a t  le a s t th re e  firm s fo r  m ak in g  these  pack in g  
boxes in  a  n ickel-chrom e alloy.

The Migration of Elements.
M r. G ardom  h a d  b ro u g h t o u t a  very  im p o r ta n t 

p o in t w hen he w as d ea lin g  w ith  th e  m ig ra tio n  of 
carbon . H e  (th e  B ra n c h -P re s id e n t)  ag reed , 
ex cep t on  one p o in t,  nam ely , in  re g a rd  to  p eel
ing. M r. G ardom  h a d  p o in ted  o u t  t h a t  w hen th e  
ra te  of gas p e n e tra tio n  was n o t equal to  th e  r a te  
of m ig ra tio n  th e n  peeling  took  p lace, an d  f u r 
th e r , t h a t  d u r in g  t h a t  p e rio d  th e  oxvgen would 
a t ta c k  th e  n e x t m ost easily  o x id isab le  e lem en t, 
w hich w as th e  iro n . H e would re fe r  M r. G ardom  
to  th e  w o rk in g  of a S iem ens fu rn a c e  o r any  o th e r ,
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w here he w ould find t h a t  th e  n e x t  m ost easily  
o x id isab le  e lem en t in  fe rro u s  alloys w as th e  
silicon , a n d  su g g ested  th a t ,  a fu sib le  s lag  o f fe rro u s  
vilicate w as fo rm ed  be tw een  th e  peel an d  th e  
core, a n d  so e ffec tu a lly  p re v e n te d  a n y  m ore  m ig ra 
tio n  of c a rb o n . H e  ( th e  B ra n c h -P re s id e n t)  w as 
m ost in te re s te d  to  find t h a t  M r. G ardom  h a d  p u t  
fo rw a rd  th e  m ig ra tio n  th eo ry , a n d  i t  shou ld  have  
a  co n sid e rab le  a m o u n t of m o d ern  th o u g h t  d ev o ted  
to i t .  H e  h a d  b een  ex ce p tio n a lly  in te re s te d  in  
th e  m e ta llu rg ic a l side  o f th e  P a p e r ,  because  th e  
a u th o r  h a d  d e a lt  w ith  i t  in  a  v e ry  r a t io n a l  w ay

Temperate Movements.
M r. H . J .  M a y b rey  sa id  he  d id  n o t  q u ite  u n d e r 

s ta n d  th e  reaso n  fo r  d ro p p in g  th e  te m p e ra tu re  
d u r in g  th e  a n n e a lin g  process. T h e re  seem ed to  
h im  to  be som e so r t  of b a lan ced  a c tio n . I f  th e re  
w as m ig ra t io n  of carb o n  g o in g  on  in  th e  c a s tin g , 
th e  carb o n  cou ld  only  m ig ra te  so long  as i t  could  
be e lim in a te d  to  th e  su rfa ce , a n d  i f  e lim in a tio n  
w ere q u ick  m ig ra t io n  m u s t be  q u ic k ; i f  slow, th e n  
m ig ra tio n  m u s t be  slow. T h e re fo re , he  could  n o t 
q u ite  see th e  p o in t  o f d ro p p in g  th e  te m p e ra tu re  
d u r in g  th e  a n n e a lin g  process.

Cause of Scaling.
M r . H . 0 .  S l a t e r  c o m p lim en ted  M r. G ardom  

u p o n  his v e ry  in s tru c t iv e  le c tu re . I t  w as a  re v e la 
t io n  to  h im  to  know  t h a t  M r. G a rd o m ’s firm  
could  go th ro u g h  th e  whole p rocess of m alleab le  
iro n — w hich wras ju s t  ab o u t doub le  t h a t  o f c a s t 
iro n 1—an d  s ti ll  t u r n  o u t  c h a in s  w ith in  a n  accu racy  
of p lu s or m in u s  £ in . in  10 f t .  I t  w as re a lly  
e x cep tio n a l, because  he  h im self h a d  lo st ^  in . on  
one c a s tin g  a lone , le t  a lone  o n  10 f t .  o f th e m . 
W ith  re g a rd  to  th e  le c tu re r ’s m e ta llu rg ic a l  
e x p la n a tio n  o f Scaling, M r. S la te r  sa id  i t  seem ed 
e x tr a o rd in a ry  to  h im  t h a t  th e  m alleab le  iro n  
in d u s try , w hich  w as o ne  of th e  o ld es t in  th e  
c o u n try , sh o u ld  h av e  been  c a r r ie d  on  so well w ith 
o u t a  m e ta llu rg is t .

I t  w as c a r r ie d  on w ith o u t  th e  a id  of th e  m e ta l
lu rg is t  by  m en w ith  no  know ledge w h a te v e r  of 
c h e m is try ; of co u rse , he  w as n o t  b e l i t t l in g  th e  
m e ta llu rg is ts , because  he  reco gn ised  t h a t  th ev  
benefited  th e  in d u s try  v e ry  m uch . H e  h im self
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h ad  n ev er looked a t  sca lin g  fro m  a  m eta llu rg ica l 
p o in t of v iew , h u t  in  h is p ra c tic a l w ay he  over
cam e t h a t  tro u b le . H e  considered  t h a t  scaling  
could  be caused  by (1) qu ick  h e a tin g , (2) too-long 
an n ea lin g , o r  (3) u s in g  a w ro n g  m ix tu re  of ore . 
D i r t  in  th e  o re  w ould also cause  scaling , which 
w as v e ry  d e tr im e n ta l  to  th e  sk in  of th e  cas tin g . 
W ith  r e g a rd  to  th e  a n n ea lin g  o f ch a in  lin k s , he 
h ad  n o tic e d  t h a t  th e  lin k s w ere pack ed  in  boxes 
in  th e  o rd in a ry  w ay a n d  th e  boxes p iled  one on 
to p  of th e  o th e r . H e  would lik e  to  know  w h e th er 
th e re  w as a n y th in g  u sed  to  p ro te c t th e  boxes a t  
th e  b o tto m  a g a in s t  th e  w e ig h t of th e  boxes a t  
th e  to p . H e  h a d  nev er d e a lt  w ith  a specia lised  
p ro d u c t in  m alleab le  iro n , b u t  he  h a d  been  con
cern ed  w ith  jo b b in g  w ork, such as m otor-chassis 
w ork  a n d  so on , w here  d iffe re n t th ick n esses and 
d iffe re n t ty p es  of cas tin g s  h a d  to  be an n ea le d  in 
th e  sam e oven. H e  h a d  fo u n d  v e ry  o f ten , in 
a n n e a lin g  h e av y  w ith  l ig h t  c a s tin g s— which he 
h a d  been  b o u n d  to  do, fo r  econom ic reasons, 
a lth o u g h  i t  w as n o t a lto g e th e r  a good policy— th a t  
i t  was beneficia l, if  he  h a d  a  ca s tin g  w hich was 
liab le  to  c rack , to  in se r t  a p la te  ha lf-w ay  u p , so 
th a t  t h a t  p la te  w ould ta k e  th e  w e ig h t o f th e  top  
h a lf ,  a n d  th e  b o tto m  h a lf  w ould s ta n d  its  own 
w eigh t. As to  th e  p y ro m ete r, he  m u s t confess 
t h a t  w hen he  h a d  firs t a tte n d e d  th e  m ee tin g s of 
th e  I n s t i tu te  nobody  w as m ore p re ju d ice d  a g a in s t 
some of th e  sc ien tific  in s tru m e n ts  th a n  h im self, 
b u t as h is ex p erien ce  an d  know ledge h a d  increased  
h e  h a d  fe lt  t h a t ,  in  th e  m alleab le  t r a d e ,  p y ro 
m ete rs  a n d  o th e r  sc ien tific  in s tru m e n ts  w ere  rea lly  
n ecessary . W ith  r e g a rd  to  th e  v a r ia tio n s  of 
te m p e ra tu re  in  d iffe re n t p a r ts  o f th e  sam e oven, 
M r. G ardom  h a d  g iv en  no id ea  as to  how his 
ovens w ere b u ilt ,  th e  w ay h is flues w ere con
s tru c te d , o r  how  he re g u la te d  th e  te m p e ra tu re  m 
an y  p a r t ic u la r  p a r t  of th e  oven— w h e th er bv  a 
se ries o f d am p ers  in  th e  flues. As to  an n ea lin g  
p o ts, he  d id  n o t consider i t  would be a  com m er
c ia l p ro p o sitio n  to  m ake th em  o f nickel-chrom e 
steel.

Embrittlement of Malleable after Ageing.
T h e  B r a n i h - P  r e s i d e n t  sa id  he h a d  re fe r re d  to  

a n n e a lin g  boxes of n ickel-chrom e allov, no t 
n ickel-chrom e steel. T here  was a n o th e r  question
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he would like to  p u t  to  M r. G ardom . I t  h a d  been 
fo u n d  t h a t  A m erican  b lack  h e a r t  m alleab le  
iro n  w as p ro n e  to  su ffer fro m  e m b ri t tle m e n t 

ta k in g  p lace  a  few  m o n th s a f te r  m a n u fa c tu re ,  an d  
th e  A m erican  B u re a u  o f M ines h a d  developed  a 
h e a t  t r e a tm e n t  to  overcom e th a t .

Average Tests from Malleable.
M r. H . 0 .  S l a t e r  asked  M r. G ardom  w h a t w ere 

th e  h ig h e s t te s ts  he h a d  a p p lie d  to  h is  b a rs— 
ten s ile , e lo n g a tio n  a n d  y ield  p o in t— a n d  w h a t w as 
h is m eth o d  o f c a s tin g  te s t  b a rs . H e  w ould  also 
lik e  to  know  M r. G a rd o m ’s r a t io  o f coke to  iro n  
in  ev ery -d ay  w ork in g . I f  he  re m e m b e re d  r ig h tly ,  
M oldenke, in  h is book, ad v ised  a  r a t io  of 1 to  4.

Blast Pressure.
M r . E . H . B r o w n , r e fe r r in g  to  th e  a t t e m p t  to  

s ta n d a rd ise  cu p o la  w o rk in g  b y  v a ry in g  th e  p e r 
c en tag e  of silicon  in  th e  m ix tu re s , a sk ed  w h e th e r 
M r. G ardom  h a d  t r ie d  to  o b ta in  th e  sam e re s u lt  
w ith  a  c o n s ta n t m ix tu re  a n d  v a ry in g  th e  b la s t  
p re ssu re  d u r in g  th e  course  o f th e  ru n .

M r . H . G. S o m m e r f ie l d  (B ra n ch  H o n . S ecre 
ta ry ) ,  d e a lin g  w ith  th e  an a ly s is  o f th e  m e ta l used  
— 3.2 carb o n , 0 .6  silicon, 0.25 su lp h u r . 0.1 ph o s
p h o ru s, and  0.13 p e r  c e n t , m an g a n ese — asked 
w h e th er t h a t  w as th e  an a ly s is  o f th e  m e ta l as 
ch arg ed  in to  th e  cu p o la , o r  o f th e  a c tu a l  c a s tin g  
before  an n ea lin g .

Economic Employment of Skilled Labour.
M r . G. 0 .  P i e r c e  sa id  h e  h a d  h e a rd  a n d  re a d  

sufficient ab o u t m alleab le  iro n  to  m ak e  h im  say  t h a t  
ho hoped  he  w ould n e v er be in  th e  p o s itio n  of 
h a v in g  to  deal w ith  i t .  H e  h a d  no b u rn in g  d esire  
to  becom e a  m alleab le -iro n  e x p e r t .  B u t  he w as 
in te re s te d  in  one q u e stio n  ra is e d  b y  th e  le c tu re r ,  
which w as r a th e r  a psychological th a n  a m e ta l
lu rg ic a l one. I t  w as t r u e  to  say  t h a t  M r. G ard o m  
h a d  th ro w n  o v e r an  e le m e n ta ry  law  o f econom ics 
th ro u g h  re d u c in g  th e  m ono to n y  o f  th e  m e n ’s 
em ploym ent, b u t  h e  h im self w as v e ry  p lea sed  to  
know  t h a t  th e re  w ere som e peop le  in  th e  fo u n d 
in g  in d u s try  who h a d  some re g a rd  fo r  th e  h u m an  
as well as th e  econom ic side. O ne o f th e  th in g s  
they  h ad  to  do as a n  I n s t i tu t e  w as to  wa+eh
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b o th  sides, a n d  n o t  c o n c e n tra te  too m uch upon  
econom ics. Of course, th e y  h a d  to  keep th e ir  eyes 
on  th e  clock o f p rogress, b u t  a t  th e  sam e tim e  
he co n sid ered  t h a t  v e ry  o f te n  too  m uch  co n sid era 
t io n  was g iv en  to  th e  o th e r  side , a n d  i t  was 
re fre sh in g  to  find a le c tu re r  s ta n d in g  his g ro u n d  
a n d  say in g  he  could de fy  a n  econom ic law  an d  
y e t m a in ta in  th e  sam e  o u tp u t  as he  w ould have  
done if he h a d  n o t defied t h a t  law .

Pattern Plates.
M r . G. H a l l , r e fe r r in g  to  th e  p a t t e rn  p la te  

used by M r. G ardom , sa id  i t  w as c e r ta in ly  a  very  
fine p iece  of w ork , b u t  he  w ould lik e  to  know 
why M r. G ardom  p re fe r re d  t h a t  to  a n  o rd in a ry  
double-sided  m e ta l p la te  o r  th e  w ooden p a t te rn  
p ro d u ced  by th e  p a t t e r n  m ak e r. I t  h a d  been  said 
t h a t  i t  could  n o t be p ro d u ced  on  a  m atc h  p la te . 
H e  h a d  seen w ooden p a t te rn s  a n d  h a d  used  th em  
in  th e  fo u n d ry , a iid  th e  jo in ts  h a d  been  as n early  
p e rfe c t as possible. M r. G ard o m ’s p a t t e rn  w as a  
v ery  e la b o ra te  p iece of w ork, b u t  he  should  hav e  
th o u g h t t h a t  i t  cou ld  h av e  been  p ro d u ced  so as 
to  be m uch  s tro n g e r , to  la s t  longer, an d  would be 
p e rh ap s  ch eap er. H e  h im self som etim es hac  a 
p a t t e rn  such  as t h a t  show n by M r. G ardom  m ade 
w ith  a  p la s te r  of p a r is  o d d  side, b u t  n o t  fo r th e  
p u rp o se  of p ro d u c in g  c a s tin g s  by  th e  th o u san d . 
I f  he  w ere p ro d u c in g  th o u sa n d s  of cas tin g s , ho 
h a d  a  m eta l p a t te rn ,  e ith e r  single- o r double
sided , m ade to  m atc h  th e  b o s on  one side  o f th e  
p la te .

Hard Spots from Grinding.
M r . S u m m e r s  asked  w h e th er, in  m alleab le  iron , 

i t  w as easy to  c re a te  h a rd  sp o ts  on  th e  c a s tin g  by 
g rin d in g  too m uch locally. F o r  in s tan c e , if th e re  
w ere a  b ig  lum p  to  be g o t off, an d  th e  c a s tin g  w ere 
held too  long on th e  em ery  w heel, w ould t h a t  re su lt  
in  th e  c rea tio n  of h a rd  spo ts?

THE AUTHOR’S REPLY.
M r . G a r d o m  th e n  re p lied  to  th e  discussion . 

W ith  re g a rd  to  th e  B ra n c h -P re s id e n t’s question  
as to  c le an in g  cas tin g s , he  sa id  th e y  w ere tu m b led , 
and  d u s t e x tra c to rs  w ere used . T h a t  w as th e  only 
m ethod  of c lean in g  used  b e fo re  p assin g  th em  in to  
th e  a n n e a lin g  d e p a r tm e n t
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Elimination of Monotony to Promote Production.
W ith  re g a rd  to  th e  q u estio n  o f th e  m o u ld ers 

g e t t in g  th e i r  ow n cores a n d  so on , th e  m a in  p o in t 
w as o u t p u t ; he  w as n o t  c o n s id e rin g  th e  m o u ld er 
so m uch— th o u g h  t h a t  w ould p ro b a b ly  d is
a p p o in t M r. P ie rce . H e  be lieved  t h a t  h e  ob
ta in e d  a  g re a te r  o u tp u t  by  e lim in a tin g  m ono tony . 
I f  th e  B ra n c h -P re s id e n t  w a n te d  to  use  th e  a rg u 
m e n t he  h a d  done, w hy h a d  he  n o t  a sk ed  how 
m any  m ore m o u ld ers w ould hav e  b een  av a ilab le  
if  som ebody else h a d  b ro u g h t th e i r  co res a lo n g  
fo r th e m ?  I t  m u s t be  rem em b ered  t h a t  th e re  was 
o n ly  one m an  on  e ach  o f th e  p o r ta b le  m ach in es, 
a n d  t h a t  m an  w as d o in g  a ll th e  w ork  in  connec
tio n  w ith  h is  m ach in e . I f  h e  sto p p ed , th e  m ach in e  
s to p p ed , b u t  th e  f a c t  t h a t  th e  m o u ld ers  fe tc h e d  
th e i r  ow n cores d id  n o t  u p se t th e  p ro d u c tio n  to  
a n y th in g  like  th e  e x te n t  i t  w ould  if  a u to m a tic  
m ach in es w ere u sed , w here  a n  a u to m a tic  m ach in e  
w as tu r n in g  o u t  p e rh a p s  te n  tim e s  th e  n u m b e r  of 
m oulds t h a t  a  h a n d  m ach in e  w ould . H e  q u ite  
ag reed  t h a t  if  a n  a u to m a tic  m ach in e  w ere  u sed — 
h y d ra u lic  o r a ir— i t  w as n o t  adv isab le  to  s to p  th e  
m ach in e, b u t  w ith  th e  p a r t ic u la r  ty p e  o f m ach in e  
used  in  h is fo u n d ry  he cou ld  affo rd  to  do i t  sim ply  
because th e  o u tp u t  o f th e  m ach in e  w as n o t 
affec ted  v e ry  m uch  as th e  re s u lt  o f th e  m ach in e  
be ing  id le  fo r  a  c e r ta in  tim e . W ith  r e g a rd  to  
m ono tony , th e re  w ere  m an y  peop le  who w ere 
re fe r r in g  c o n tin u a lly  to  a p p re n tic e sh ip  in  th e  
fo u n d ry , b u t  one m u s t  fa ce  th e  f a c t  t h a t  th e  
a p p re n tic e  in  th e  fo u n d ry  w as a  th in g  o f th e  p a s t.  
I t  seem ed to  h im  t h a t  m o u ld in g  as a  sk illed  job  
w as finished.

A V o ic k : N o t y e t.
M r . G a r b o m  sa id  t h a t ,  a t  an y  r a te ,  i t  w a s  on 

i ts  la s t  legs. F o r  in s tan c e , in  th e  p ro d u c tio n  of 
h is  ow n p a r t ic u la r  p ro d u c t, h is  firm  co u ld  t r a in  
a boy o r  a  m an  who h a d  n e v e r  seen  a  fo u n d ry  
befo re  to  do th is  w ork  a c c u ra te ly  in  th r e e  w eeks. 
T he sk ill was need ed  in  th e  p re p a ra t io n  o f th e  
w ork. T h a t  w as w h ere  th e  fo u n d r ie s  h a d  to  look 
fo r th e  a p p re n tic e , a n d  th e  m an  w ho p re p a re d  
th e  p a t te rn s  w as th e  m a n  who h a d  to  know  h is 
job. W hen  such  a p a t t e r n  as he h a d  show n t h a t  
e v en in g  w as p u t  in to  th e  w o rk  i t  m u s t be  p e r 
f e c t ;  if  i t  w ere n o t  p e rfe c t,  th e n  b ack  i t  w ould



687

go to  th e  p a t t e rn  shop ; if  th e  m ou lder h a d  to  
to u ch  i t  u p  th e n  o u tp u t  decreased . H e was 
so rry  fo r th e  a p p re n tic e s , b u t  we m u st face  th e  
fa c t  t h a t  m ou ld in g — w hich he q u ite  a d m itte d  was 
an  a r t i s t ’s job— w as d y in g  o u t.

Cost of Nickel-Chrome Boxes.
D e a lin g  w ith  a n n e a lin g  boxes, he  sa id  t h a t ,  fo r  

th e  p a r t ic u la r  oven he h ad  m en tio n ed , th e  cost 
of an  oven load of p a n s  w as T300— an d  th e  firm 
m ad e  th em  them selves. The cost w as a b o u t 3d. 
p e r  lb. O n th e  o th e r  h a n d , th e  low est p rice  a t  
w hich he  had  h ad  n ickel-chrom e offered to  h im —  
b u t n o t d e liv e red — was 2s. 6d. p e r  lb. H e  sim ply 
could n o t afford  to  use i t ,  and  d id  n o t know th a t  
anybody  else could . A g a in , he  h ad  n ev er y e t
fo u n d  n ickel-chrom e to  s ta n d  up  to  all th e  con
d itio n s  w hich th e  m ak ers  c la im ed . H e  h a d  used 
i t  fo r p y ro m e te r  sh ea th s , an d  h a d  fo u n d  i t  was 
q u ite  u su a l fo r i t  to  g ive on ly  six  m o n th s ’ se r
vice. T h a t  w as n o th in g  w hen one cam e to  con
sid e r th e  e x tr a  cost involved. As to  th e  life  of 
th e  a n n e a lin g  boxes, he h a d  c a r r ie d  o u t care fu l 
te s ts  a n d  could  safe ly  say t h a t  he g o t 10 h e a ts  
o u t of th em . The B ra n c h -P re s id e n t h ad  re fe rre d  
to  some spec ia l boxes m en tio n ed  by M r. Poole. 
H e  (Air. G ardom ) h ad  t r ie d  th em , an d  h a d  g o t
only fo u r  h e a ts  o u t o f them .

Does Silica Formation Cause Peeling ?
W ith  re g a rd  to  th e  m ig ra tio n  o f c a rb o n  a n d  

peeling , th e  p o in t ab o u t i t  w as t h a t ,  w ork ing  on 
th e  th e o ry  he h a d  ex p o u n d ed , he  h a d  o b ta in e d  
re su lts— a n d  re su lts  w hich  he  could u n d e rs ta n d . 
W as silica  fo rm a tio n  responsib le  fo r p ee lin g ?  The 
B ra n ch -P re s id e n t h a d  th o u g h t t h a t  one m ig h t 
have  th e  silicon o x id is in g  an d  p re v e n tin g  f u r th e r
'ig ra t io n  of carb o n . H e  would like  th e  B ran ch - 

P re s id e n t  to  go f u r th e r  in to  th e  m a t te r .  One 
could g e t p ee lin g  by fo rc in g  th is  o x id a tio n  fa s te r  
th a n  th e  m ig ra t io n ;  i t  could be o b ta in e d  by u s in g  
too s tro n g  an  o re , o r  on  a  sam ple  w hich still 
show ed w h ite  iron  in th e  c en tre , i .e .,  w ith  a 
carb o n  c o n te n t of ab o u t 2 p e r  cen t. Such a 
sam ple  could be re -an n ea led  and  th e  carbon  
rem oved . T h a t m ore or less b roke  dow n th e  th eo ry  
th a t  s ilica  fo rm atio n  s topped  m ig ra tio n . I n  h is 
ow n ex p erim en ts  he h ad  a n n ea led  a b a r  f irs t in



688

th e  o rd in a ry  w av. T h en  th e  d ifficulty  w as to  say 
how fa r  th e  d r ill in g s  w ere to  be ta k e n  off. Som e 
people  to o k  a  d r ill  a n d  d rille d  th ro u g h  ^ in ., 
th e n  a n o th e r , a n d  th en  a n o th e r . H e  h im self p u t 
i t  in  a  la th e  a n d  tu rn e d  off ^ in ., a n d  th e n  
a n o th e r , a n d  so on, a n d  he  c e r ta in ly  co n sid e red  
th a t ,  by ta k in g  th e  whole o f th e  sam ple  f o r  th e  
ca rb o n  e s tim a tio n , he o b ta in e d  b e tte r  re su lts  
th a n  w ere  o b ta in e d  by  d r ill in g . H e  could  check 
i t  b e t te r ,  a n d  he  d id  g e t e v e ry  p a r t  o f th e  p a r 
t ic u la r  ¿-in . d e p th  he  so u g h t. H e  h a d  re -a n n e a le d  
th e  sam ple  a n d  h a d  re p e a te d  th e  te s t ,  to  son 
w h e th e r m ig ra t io n  w en t on, a n d  u n d o u b ted ly  he 
cou ld  o b ta in  a  peeled  c a s tin g  w ith  a h a rd  iro n  in  
t h e  c e n tre . O ne could  b r in g  a ll th e  fa c to rs  t h a t  
c au sed  sk in n in g  u n d e r  one d e fin itio n  if  i t  w as 
sa id  t h a t  “  sk in n in g  ta k e s  p lace  w hen  th e  r a te  
o f c a rb o n  d iffusion  from  th e  in te r io r  to  th e  su r 
face  is less th a n  th e  r a te  o f c a rb o n  e lim in a tio n  
a t  th e  su rfa ce  by  o x id a t io n .”

Dropping Temperature during Annealing.
I t  h a d  been  a sk ed  b y  M r. M av b rey  why th e  

te m p e ra tu re  w as d ro p p e d  d u r in g  a n n e a lin g . I f  
th e  te m p e ra tu re  w as n o t d ro p p e d  th e n  d e -carbon i 
sa tio n  on  th e  o u ts id e  to o k  p lace  f a s te r  th a n  th e  
m ig ra tio n  from  th e  c e n tre , a n d  if  t h a t  h a p p en e d  
sk in n in g  w ould re su lt.  I f  o ne  a n n ea le d  a t  a  te m 
p e ra tu re  below th e  c r it ic a l  te m p e ra tu re  o f d e 
c a rb o n isa tio n , no m o re  d e -ca rb o n isa tio n  w ould 
ta k e  p lace, b u t  m ig ra tio n  could  s ti ll  t a k e  p lace.

Contraction of Chain Castings.
I n  re p ly  to  M r. S la te r , w ith  r e g a rd  to  th e  con

tr a c t io n  of ^ in . in  10 f t .  of ch a in , he  w ould  like  
to  say  t h a t  he d id  n o t  fo r  o n e  m o m en t c la im  t h a t  
n one  o f th e  lin k s  v a r ie d  by  m ore th a n  th e  a m o u n t 
o b ta in e d  by d iv id in g  th e  n u m b er o f lin k s  in  10 f t . 
o f  c h a in  in to  ^ in . O ne m ig h t be  s lig h tly  o ver 
a n d  a n o th e r  s lig h tly  below , a n d  th e y  eq ualised  
each o th e r  r ig h t  th ro u g h . H e  a g ree d  w ith  M r. 
S la te r  t h a t  th is  m alleab le  w ork  was done b e fo re  
th e  a d v e n t o f th e  m e ta llu rg is t ,  b u t  i t  w as poor 
stu ff. The p o in t a b o u t i t  w as t h a t  w hen  a  m e ta l
lu rg is t  le f t  h is firm  a n o th e r  m e ta llu rg is t  could  
come in  a n d  c a r ry  on  th e  job  from  h is  p red eces
so r’s no tes. The p ra c t ic a l  fo u n d ry m a n  could  n o t
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say  th a t .  I f  a  p ra c t ic a l  m an  h ad  w orked  w ith  
h im  fo r te n  y e a rs , t h a t  m an m ig h t be able to 
ta k e  on  th e  w o rk  a n d  im prove  on  i t,  b u t  he  d id  
n o t leave a n y th in g  b eh in d  him  w hen he died 
w hich w ould help  on th e  w ork.

Migration and Skinning.
H e  was in a g ree m e n t w ith  M r. S la te r  th a t  

sk in n in g  cou ld  be cau sed  by qu ick  h e a tin g , too 
long  a n n ea lin g , too. s tro n g  ore , an d  by d ir t .  W ith  
r a p id  h e a tin g  th e re  w as ra p id  d e -ea rb o n isa tio n  
w ith o u t  th e  co rresp o n d in g ly  r a p id  m ig ra tio n . 
W ith  too  long  a n n e a lin g , also, d e -ca rb o n isa tio n  
was b o u n d  to  be fa s te r  th a n  m ig ra tio n , an d  th e  
sam e ap p lied  w hen too s tro n g  an o re  was used. 
As to  th e  p re v e n tio n  of d is to r tio n  in  a n n ea lin g , 
u su a lly  be tw een  ev ery  tw o p a n s  he  p laced  a cap . 
A t one tim e  he used  to  cap up  o u ts id e  th e  pans, 
th e  cap  e x te n d in g  r ig h t  th ro u g h  th e  p a n s  to  th e  
o u tsid e . A t p re se n t, how ever, he p u t  th e  cap ju s t  
in side . Som etim es th e re  w as d is to r tio n  a t  th e
to p , du e  to  b ad  p ack in g . The p ra c tic a l m an  
would n o t u n d e rs ta n d  th a t  in  p a ck in g  o re  a f a r  
b e tte r  p a c k in g  w as o b ta in e d  w ith  a  p o k er th a n  
w ith  a  ra m m er. W ith  a p o k er we w ere  able to  
g e t in  b e tw een , a n d  th e  o re  w ould sink  m uch 
b e tte r .

Pyrometers,
W ith  re g a rd  to  p y ro m ete rs , he  assu red  his 

h e a re rs  t h a t  since he  h a d  been w ith  h is p re se n t 
firm, th e  m en  em ployed in  u n lo ad in g  cas tin g s, 
an d  who w ere p a id  by p iece w ork , ag reed  w ith  th e  
use o f p y ro m ete rs , b ecause  th e y  could  m ake  la rg e r  
q u a n tit ie s . W hen  he w en t th e re  a t  first th ey  used 
sledge h am m ers to  g e t o u t  th e  cas tin g s.

Dampering Furnaces
W ith  re g a rd  to  d a m p e rin g , t h a t  was ano ther 

p o in t on  w hich he seem ed to  d iffer from  m ost 
people. I f  th e  cas tin g s  w ere  n o t h e a ted  p ro perly  
he  should  n o t say  he could n o t do th em  in  th a t  
p a r t ic u la r  oven, b u t  should  se t ab o u t p u t t in g  
r ig h t  th e  oven. T h a t  was w h a t h ad  been done in 
h is fo u n d ry . T hey  h a d  fired from  th e  o u tsid e  of 
th e  oven, an d  th e  fire cam e in  a t  th e  top  of th e  
oven. T h a t  was w rong  accord ing  to  all theo ries . 
T here  w ere d am p ers all a long  th e  bo ttom  side,
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and  p y ro m ete rs  also. T hey  w orked  by m ean s of 
th e  d am p ers , a n d  th e  h e a t  w as d ra w n  to  w h a t
ev er p a r t  of th e  oven i t  w as re q u ire d . As soon 
as th e  te m p e ra tu re  d ro p p ed  a t  a  p a r t ic u la r  spo t 
th e  h e a t  w as in c reased  th e re , a n d  w hen th e  te m 
p e ra tu re  w as too  h ig h  a t  any. p a r t i c u la r  sp o t i t  
could be le t  dow n.

Test Bars and the Importance of Yield Foint.
D ealin g  w ith  te s t  b a rs , M r. G ardom  sa id  t h a t  

fo r  h is iro n  he  o b ta in e d  ab o u t 22 to n s  ten s ile , 
5 p e r  c en t, e lo n g a tio n , a n d  a  y ie ld  p o in t  o f 17 
to n s  p e r  sq. in . I f  he  had. sa id  t h a t  in  h is  P a p e r ,  
those  p re se n t w ould have  sa id  t h a t  th e  A m erican s 
could  do b e t te r  th a n  th a t .  H e  knew  th e y  cou ld  ; 
so could  he if  h e  took  i t  b eyond  th e  re a lm s  of 
com m ercialism , a n d  a n n ea le d  fo r  a  p e r io d  ab o u t 
th re e  tim e s  lo n g er th a n  h e  d id  a c tu a lly . A te s t  
b a r  d id  n o t a lw ays g ive  th e  a c tu a l  re s u lts  o b ta in e d  
w ith  th e  p ro d u c t itse lf . H e  o b ta in e d  10 to n s  p e r  
sq. in . on  n e a r ly  all ty p e s  o f  c h a in  p ro d u ced . 
T he reaso n  he m en tio n ed  i t  w as t h a t  w hen th e  
A m ericans cam e o u t  w ith  th e i r  b la c k -h e a r t  p ro 
cess an d  sa id  t h a t  th e y  g o t 10 p e r  c e n t , e lo n g a 
tio n , th e  E n g lish  people  cam e a lo n g  a n d  t r ie d  to  
re p e a t  i t .  T h ere  h a d  been  m uch  d iscussion  a b o u t 
sem i-steel an d  w h a t i t  w as; t h a t  could  e a s ily .a p p ly  
to  b la c k -h e a r t  a n d  w h ite -h e a r t  m alleab le . W hy  
should  we t r y  to  m ak e  a m e ta l a p p e a r  to  be 
so m eth in g  w hich i t  was n o t?  T h ey  d id  n o t  re q u ire  
th e  sam e te s ts  fro m  a  0.9 carbon  steel as from  
a  0.2 p e r  c e n t,  carb o n  steel, b u t  t h a t  w as w h a t 
th e  A m ericans w ere d o in g  w ith  m alleab le . T he 
reaso n  h is  iro n  w as b e t te r  fo r  th is  w o rk  w as t h a t  
th e  y ie ld  p o in t  w as ab o u t 17 to n s  p e r  sq. in .,  
w hereas in  th e  b lack  h e a r t  i t  w a s 'o n ly  a b o u t 12 
to  14 to n s  p e r  sq. in . I f  th e  c h a in  w ere  used  on 
a ch a in  d riv e , an d  i t  re ac h ed  a  p o in t  w hich w as 
beyond its  y ield  p o in t,  i.e ., w hen i t  w as s tre tc h e d , 
th e n  it  would g e t o ver th e  to p  o f th e  sp ro ck e ts  
an d  would b re a k . I t  w as n o t a q u es tio n  of m a x i
m um  stre ss  b u t  o f y ield  p o in t,  an d  t h a t  w as th e  
reaso n  w hy R e a u m u r  m a te r ia l  w as b e t t e r  fo r  th is  
p a r t ic u la r  job , as i t  possessed a  h ig h e r  v ie ld  
n o in t. T he p o sitio n  w as ex ac tly  th e  sam e w ith  a 
ball b e a r in g . A 1-in . b a ll w ould  s ta n d  40-tons 
p re ssu re  be fo re  i t  w ould b re a k . B u t. th e  y ield
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p o in t on a 1-in. ball, o r  th e  p o in t of p e rm a n e n t 
d e fo rm a tio n , w as on ly  7 to n s, a n d  t h a t  w as th e  
p o in t  a t  w hich  i t  fa iled , because th e  m om ent i t  
w as p e rm a n e n tly  de fo rm ed  th e  p o in t of co n tac t 
■was lost.

Varying Blast Pressure or Composition.
R e p ly in g  to  M r. B row n as to  th e  v a ry in g  of 

b la s t p re ssu re  d u r in g  th e  ru n  in  th e  cupola , M r. 
G ardom  sa id  i t  seem ed t h a t  th e  e as ie s t th in g  to  
do was to  v a ry  th e  m ix tu re . C e r ta in ly  he  could 
v a ry  th e  silicon, b u t he  w ould n o t v a ry  th e  su l
p h u r . H e  d id  n o t say  th a t  th e  v a r ia tio n  o f th e  
b la s t  cou ld  n o t  be done, o f course, b u t  i t  was 
e a s ie r  to  v a ry  th e  m ix tu re . A ctually  th e  b las t 
p re ssu re  w as d ro p p ed  d u r in g  th e  ru n ,  because a t  
th e  com m encem en t th e  cupo la  w as fu ll, a n d  m ore 
p re ssu re  rvas needed  to  g e t th ro u g h  th e  c h a rg e  th a n  
w hen i t  h a d  d ro p p ed  dow n. T h ere fo re  i t  was 
necessary  to  lower th e  p re ssu re  as th e  iron  
d ro p p ed  dow n.

I n  answ er to  M r. Som m erfield, M r. G ardom  
sa id  th e  an a ly sis  he  h a d  g iven  w as th e  an alysis of 
th e  iron  as cas t. H e  m ig h t, o f course, change  h is 
m in d  w ith  re g a rd  to  th e  an a ly sis  a t  an y  m in u te . 
H e  sim ply  used  t h a t  an a ly sis  a t  th e  m om ent 
because he considered  i t  m ost su itab le  fo r  th e  job. 
W ith  re g a rd  to  th e  d iv is io n  of th e  carbon . A t 
th e  com m encem ent th e  to ta l  carb o n  w as 3.2 p er 
c e n t . ; i t  w as e n tire ly  in  th e  com bined s ta te .  A t 
th e  finish th e re  w as som ew here ab o u t 1 p e r  cen t., 
b u t t h a t  v a r ie d  s lig h tly  ( a f te r  an n ea lin g ) u p  to  
1 |  p e r  c en t. B u t  h e  could say  i t  was only  0.8 
p e r  cen t.

Silicon and Growth.
A q u estio n  h a d  been  asked  ab o u t th e  ac tio n  of 

th e  silicon w ith  re g a rd  to  g row th . Of course, a 
h ig h  silicon c o n te n t,  say  2 p e r  c e n t.,  d id  m ake 
th e  c a s tin g  grow , b u t  th e  p o in t t h a t  h a d  s tru c k  
h im  p a r tic u la r ly  w as th e  v a r ia tio n  in  p itc h . W ith  
a  silicon c o n te n t  of 0.57 p e r  c en t., w ith  th e  p a r 
t ic u la r  an a ly sis  m en tio n ed , th e re  w as no g row th . 
I f  th e  silicon and  th e  su lp h u r  c o n te n t w ere 
increased  o n e  o b ta in e d  th e  sam e re su lt, he 
be lieved— alth o u g h  he h ad  n o t fin ished th e  te s t— 
because i t  seem ed to  be d e p en d e n t on  th e  w ay th e  
carb o n  was p re c ip ita te d . I f  p re c ip ita te d  as 
te m p e r  carb o n  a  g ro w th  jvas o b ta in e d , so t h a t  if



one used th e  b la c k -h e a r t  p rocess th e r e  w as a 
g ro w th  of -¿-in., an d  so resem bled  th e  s in g le  con
t r a c t io n  co n d itio n s a s  in  g rey  iro n . B u t  w ith  th e  
w h ite -h e a r t  m alleab le  th e re  w as a  d o u b le  con
t ra c tio n , as in  th e  case of s tee l. I f  th e  to ta l  
carb o n  w ere h ig h , p re c ip ita tio n  w as m ore  l ia b le ; 
if th e  silicon  w ere  h ig h e r, p re c ip ita tio n  w as 
a s s is te d ; su lp h u r  r e ta r d e d  p r e c ip i t a t io n ; m a n 
g anese  com bined  w ith  th e  c a rb o n  a n d  r e ta r d e d  
p r e c ip i t a t io n ; p h o sp h o ru s  h a d  v e ry  l i t t l e  effect, 
e x cep t t h a t  if  i t  w ere p re se n t  in  a n y  q u a n ti ty  i t  
fo rm ed  th e  p h o sp h id e  e u te c tic , a n d  i t  w as ad v is 
ab le  to  keep  i t  aw ay.

Hard Spots and Grinding.
W ith  re g a rd  to  th e  c re a tio n  o f h a r d  sp o ts  in  

c a s tin g s  d u r in g  g r in d in g , i t  w as easy , o f course, 
in  a n y  ty p e  of m alleab le  to  do th is . F o r  in s ta n c e , 
th e  w h ite -h e a r t  m alleab le  w as p ra c tic a lly  p e a r l i te ,  
w hich w hen  h e a te d  r e tu r n e d  in to  so lu tio n , a n d  if 
th e  te m p e ra tu re  w ere  ra is e d  to  a b o u t 800 deg. th e  
carb o n  also w e n t . in to  s o lu t io n ; if  i t  w as cooled 
qu ick ly  th e re  w as h a rd e n in g . T h e  sam e th in g  
a p p lie d  in  th e  b la c k -h e a r t  p rocess , h u t  th e r e  th e  
te m p e ra tu re  m u s t be  ta k e n  h ig h e r , because  th e  
carbon only  cam e back  in to  so lu tio n  a t  900 deg. o r 
m ore. H a rd  spo ts  w ere  easily  fo rm ed  by g r in d 
ing , a n d  i t  could  easily  b re a k  c a s tin g s , so t h a t  if 
th e re  w ere m uch  to  g r in d  off on ly  a  l i t t le  should  
be rem oved  a t  a  tim e .

Coke Ratio.
As to  th e  r a t io  o f coke to  iro n , i t  w o rk ed  o u t  

to  a  ra tio  of a b o u t 10 to  1. H e  believed , u n lik e  
M r. S la te r , t h a t  slow m e ltin g  w as beneficia l 
because  one h ad  to  co n sid e r th e  final r e s u l t .  I f  
i t  p roduced  h igh  to ta l  c a rb o n  i t  h a d  to  be  rem oved  
w hen  a n n ea lin g . T he cost o f a n n e a lin g  w as very 
h ig h , a n d  if  fo u n d ry m en  cou ld  do a n y th in g  to  
reduce  th e  a n n e a lin g  tim e  i t  w ould p ay  to  do so.

Vote of Thanks.
M r . G. C. P i e r c e , in  p ro p o sin g  t h a t  a  v ery  

h e a r ty  vo te  of th a n k s  be acco rd ed  to  M r. G ardom  
fo r h is sp len d id  P a p e r ,  to u ch ed  a g a in  o n  th e  q u es
tio n  of fo u n d ry  a p p re n tic e s , a n d  sa id  h e  w a n ted  
to  te ll M r. G ardom  a n d  an ybody  else in te re s te d
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in  t h a t  q u estio n  th a t  p e rh ap s  th ey  w ere w ro n g  
w hen th ey  co n sid ered  t h a t  sk illed  m ou lders would 
n o t be n ecessary  in  th e  f u tu re .  As a  basis fo r 
h is a rg u m e n t, M r. P ie rce  sa id  th a t ,  25 y ears  ago, 
th e  sc ien tific  a p p a ra tu s  used  in  the  fo u n d ry  for 
p ro d u c tio n  p u rp o ses w as n il, w hereas to -d ay  its  
use w as in c re a s in g  v e ry  ra p id ly , and  th e re  was 
no com parison  betw een  th e  tw o co nd itions.
T h ere  h ad  been g re a t  s tr id e s  in  so f a r  as m ethods 
of p ro d u c tio n  w ere concerned , a n d  y e t th e re  is 
n e a r ly  tw ice  th e  n u m b er of sk illed  m oulders
to -d ay  t h a t  th e re  w as 25 yeai’s ago. T herefo re , 
th e  th eo ry  t h a t  sk illed  m oulders w ere going o u t 
was e rro n eo u s. I f  he  w ere co rrec t— an d  he
believed he  w as—th e n  su re ly , if  we p ro g ressed  in 
th e  f u tu r e  to  th e  sam e e x te n t  as we h a d  in  th e  
p a s t  25 years , he h a d  as m uch ju s tif ic a tio n  for 
th in k in g  we sfiould w a n t m ore sk illed  m ou lders as 
o th e rs  h a d  fo r th in k in g  t h a t  w e should  iv an t few er. 
In  fa c t,  he  h a d  m ore ju s tif ic a tio n  fo r  a d o p tin g  h is 
p o in t o f view.

T he vo te  of th a n k s  was accorded  w ith
a cc lam atio n .

M r . Garuom, a f te r  ex p ress in g  h is  th a n k s , asked 
M r. P ie rce  w h e th er, in  re fe r r in g  to  th e  e x tra  
n u m b er of m ou lders em ployed a t  th e  p re se n t tim e , 
he had  ta k e n  in to  acco u n t th e  e x tr a  w e ig h t of 
iron  tu rn e d  o u t a t  p re se n t as co m p ared  w ith  
25 y e a rs  ago.



694

Scottish Branch.
SOME PROBLEMS IN LIGHT CASTINGS. 

By J. C. Dorsie, Associate Member.

D r. P e rc y  L o n g m u ir, in  a  re c e n t  le c tu re , 
d esc rib ed  how th e  c ry s ta ls  in  cooling  a r ra n g e d  
them se lv es a t  r ig h t-a n g le s  to  th e  edges o f th e  
cas tin g . T h e re fo re , in  a  f ra m e  th e  w eak est p a r ts  
a re  a t  th e  co rn ers  w here  th e  c ry s ta ls  se t  a t  
r ig h t-a n g le s  to  each  o th e r . A f u r th e r  so u rce  of 
w eakness is du e  to  th e  fa c t t h a t  th e  d iag o n a l, 
b e in g  lo n g er, freezes m ore slowly.

W ith  th e  d e fin ite  o b jec t in  view  o f m ak in g  c a s t 
ings which would i l lu s t r a te  th e  w eakness of sq u a re  
c o rn ers , fo u r  fram e s  w ere c a s t as show n in  F ig . 1. 
T hese a re  24 in . x 24 in . o u ts id e . T h e  flanges 
w ere 3 in . w ide x  i  in . th ic k .  T h ey  w ere a ll  ru n  
on  th e  edge  w ith  th e  ex ce p tio n  o f f ra m e  B . I t  
w as only  a f te r  co n sid e rab le  p re ssu re  t h a t  th e  
m o u ld er— an  old s to v e -p la te  h a n d — was p e rsu a d e d  
to  ru n  i t  as show n. H e  sa id  he w ould  n eed  to  
l i f t  i t  o u t  in  pieces, b u t  i t  re fu sed  to  o b lig e  an d  
broke in  th e  m ould  th ro u g h  one of th e  sides, one 
of th e  edges of th e  b re a k  c u r lin g  u p  o v e r th e  
o th e r  edge. I n  f ra m e  C, th e  c e n tre  o f  tw o  oppo
s ite  sides w as th ic k e n ed  to  1 in . T he c a s tin g  was 
q u ite  so u n d . T h e  c e n tre  o f th e  o th e r  tw o  sides 
was th e n  in c reased  to  1 in . th ic k , a n d  in  th is  case  
i t  was rem oved fro m  th e  m ould  in  th re e  p ieces. 
I t  is h o p ed  t h a t  som e e x p la n a tio n  w ill be g iven  
as to  why th e  o th e r  c o rn e r  re m a in e d  whole.

Manhole Covers.
A n in te re s t in g  p ro b lem  a t  p re se n t  is  th e  d e s ig n 

ing  of covers fo r  ro ad w ay  m an h o les t h a t  will be 
cap ab le  of su s ta in in g  th e  e v e r- in c re a s in g  lo ad s 
t h a t  a re  im posed on  th em . T h e  s im p le s t m eth o d  
is, o f course, to  in c rease  th e  th ic k n e ss  o f  th e  c a s t
ing , b u t  if th is  id ea  is c a r r ie d  m u ch  f u r th e r  th e  
ro ad m an  will re q u ire  som e m ech an ica l a p p a r a tu s  
to  l i f t  th e  cover. F o u n d ry m e n  m u s t  th e re fo re  
devise som e system  o f s tre n g th e n in g  th e  cover
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w ith o u t u n d u ly  in c re as in g  th e  w e ig h t. F ig s . 2 
a n d  3 i l lu s t r a te  som e scale  m odels of p la te s  which 
w ere c a s t  w ith  th e  view  o f c o m p a rin g  th e  efficiency 
o t v a r io u s  fo rm s o f s tre n g th e n in g  rib s . T h e  size 
o f th e  p la te s  was d e te rm in e d  by th e  c a p a c ity  of 
th e  te s tin g  m ach in e . T h e  five ty p e s  in  e ach  se t 
w ere c a s t in  one box. T he ta b u la te d  re su lts  w ere 
th e  a v e ra g e  o f fo u r  boxes, b u t  th e  reco rd s  o f each  
ty p e  w ere n e a r ly  id e n tic a l.  T h e  ty p e s  i l lu s t r a te d  
in  F ig . 2 re p re se n t  covers fo r tre n c h e s  w hich  a re  
su p p o rte d  a t  th e  e n d s  on ly . T h e  e x p e rim e n ta l 
p la te s  a re  13 in . x 6 in . x  i  in . th io k . T hey  
w ere su p p o r te d  on  en d  b e a rin g s  a t  12-in. c en tre s , 
an d  th e  b o lste r u sed  fo r  tra n s v e rse  te s t  w as em 
ployed . T h is b o ls te r  is a  c y lin d e r 1 3-16 in . d ia . 
x  3J in . long. T he av e ra g e  re su lts  a re  show n in  

T ab le  I

T a b l e  I .— S tr e n g th  o f M odel M a nho le  C overs.
Type. Transverse in  cwts. Deflection in ins.

E ................. 8.5 0.325
F .................  6.5 0.120
G ................. 9 .5 0.155
H .................  5.7 0.080
J .................  9 .6 0.110

I t  w ill be  n o ted  t h a t  in  ty p es  F  a n d  H  th e  su p 
posed s tre n g th e n in g  rib s  a re  re a lly  so u rces  of 
w eakness, a n d  th e  p la in  p la te , w ith  i ts  c a p a c ity  
fo r  g re a te r  deflection , co m p ares fa v o u ra b ly  w ith  
ty p es  G! a n d  J .  T ab le  I I  shows a  co m p ariso n  of 
th e  p la te s  in  te rm s  o f th e  w e ig h t of p la te  to  th e  
tra n sv e rse  lo ad .

.— S tr e n g th  o f M a n h o le  C overs p e r  U n it  
W e ig h t.

Type. Sustained per lb. of P la te  in  ewts.
E 1.67
F 1.14
G 1.62
H 0.94
J 1.46

T he p la te s  i l lu s t r a te d  in  F ig . 3 a re  also 13 in . x 
6 in . x J  in .,  ibut th e y  w ere su p p o r te d  on th e  fo u r 
sides. T he u su a l com pression  b o lste r, 2 in . d ia .,  
was used, b u t  a sp h e rica l s e a tin g  w as in se r te d  
be tw een  th e  b o ls te r  a n d  p la te  to  l im it  th e  a re a
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u n d e r  p re ssu re . T he re su lts  a re  g iven  in 
T ab le  I I I .

T a b le  I I I . — S tr e n g th  o f M anhole C over M odels 
S u p p o r te d  on F o u r  S ides.

Crushing Strength Deflection 
Type. in cwts. in  ins.

K  ................. 15.3 ... 0.055
L ................. 16.3 ... 0.070
M ................. 19.7 ... 0.085
N ................. 23.4 ... 0.050
0  ................. 2 0 3  .... 0.030

I t  is in te re s t in g  to  no te  t h a t  th e  system  of 
d iv id in g  th e  su rfa ce  in to  a  n u m b er of sm all com 
p a r tm e n ts  by m ean s of lo rig itu d in a l an d  cross 
b rac in g s— ty p e  N — seem s to  g ive b e t t e r  re su lts  
th a n  th e  u su a l design  of d iag o n a l b a rs  connected  
to  a c e n tra l  r in g . A g a in , c o m p arin g  th e  w eigh t 
of p la te  to  th e  load , th e  figures shown in  T ab le  TV 
w ere fo und .

T ab le  IV .— S tr e n g th  o f M odel M anhole Covers 
S u p p o r te d  on F our S id es in  U n it W e ig h t.

Type. Sustained per lb. of P late in c w t
K  ... ... 3.33
L  ... ... 2.93
M .....................  3.28
N ... ... 3.78
O ... ... 3.06

Warping of Gutters.
A p e re n n ia l su b je c t o f d iscussion in  th e  lig h t 

c a s tin g  t r a d e  is th e  c a s tin g  o f a ch an n e l section  
o r g u t te r  w ith  o pen  ends, a n d  th e  a m o u n t of
c u rv a tu re  on th e  c a s tin g  by “  p o u n d in g  ”  th e  ends 
th e  p a t te rn  to  e n su re  t h a t  c a s tin g  tu r n in g  o u t 
s t r a ig h t .  F o r  econom ical reaso n s th ese  g u t te r s  
m u st be m ade in  th e  n a rro w es t possib le box. T he 
m eta l is ru n  by  f la t g a te s  d ire c t  on to  th e  sole an d  
flows down th e  sides. I f  th e  sole an d  sides a re  of 
eq u al th ick n ess, th e  edges of th e  s id e  will cool 
be fo re  th e  sole, an d  a  w arped  c a s tin g  resu lts . 
T h is w a rp in g  ta k e s  th e  fo rm  of a concave c u rv a 
tu r e  a long  th e  sole. So decided  is th is  w arp in g  
on l ig h t  g u t te r s  w ith  shallow sides t h a t  allow
ance  m u s t be m ade on th e  p a t te rn  to  c o u n te ra c t



th e  cam b er. I t  is com m on know ledge am o n g  
g u t te r  m ou lders t h a t  th is  ty p e  of c a s tin g  in v a lu 
ab ly  rises a t  th e  ends, a n d  if th e  p a t t e r n  h a s  n o t 
enough  cam b er, a  m o u ld er can  s lig h tly  re d u ce  th e  
c u rv a tu re  on th e  c a s tin g  by “ p o u n d in g  ”  th e  ends 
o f th e  m ould . T h e  q u es tio n  h a s  been  a sk ed  : “  Does 
th e  c a s tin g  only  r ise  a t  th e  en d s P Does i t  n o t  also 
s in k  in  th e  c e n tre ?  ”

Behaviour cf Metal in Moulds.
F o r  th e  p u rp o se  o f te s tin g  th e  a c tu a l  'b eh av io u r 

of th e  flu id  m e ta l in  th e  m ould , th e  a p p a r a tu s  
show n in  F ig . 4 w as used. T h e  a r r a n g e m e n t  in  
p ra c tic e  was fo u n d  to  b e  cap ab le  o f im p ro v em en t, 
b u t i t  was th e  s im p le s t a n d  c h e a p e s t t h a t  su g g ested  
itse lf. I t  consists  of an  o rd in a ry  g u t te r  box w ith  
p lan ed  edges. T he p a t t e r n  is  6 in . x 4 in . x  
7-32 in . th io k  x  6 ft._ long. I t  h a s  tw o p la in  ends 
in s tea d  o f th e  u su a l sp ig o t and  fa u c e t ends. T he
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p a tte rn  w as m ade  in  wood an d  ram m ed  on a solid 
block. T h ree  p in s  w ere ram m ed  u p  w ith  th e  top  
p a r t  a n d  c a s t in  th e  sole of th e  g u t te r .  T h e  h e ig h t 
of each p in  w as m easu red , before  p o u rin g , on  a
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d ia l g au g e  w hich re g is te rs  in  th o u san d  p a r ts  of 
a n  inch . T he g au g e  w as le f t  in p o sitio n  on th e  

c e n tre  p in  d u r in g  th e  d u ra tio n  o f th e  ex p erim en t, 
a n d  th e  v a r ia tio n ?  in h e ig h t of th is  p in  w ere care 
fu lly  no ted . A t th e  conclusion  of th e  te s t  th e  
h e ig h t  of each of th e  end  p in s  was ta k e n  befo re  
th e  box was unhooked . I t  is only proposed  to  give 
th e  su m m arised  re su lts  of tw o o f th e  la te s t  te s ts  
in which an  e x te n d ed  series of d ia l re ad in g s  on  th e  
c e n tre  p in  w ere recorded .

Tn th e  f irs t  h a lf  m in u te  th e  d ia l reg is te red  a rise  
of 1 7 /1 ,0 0 0 ; a t  34 m in u te s  i t  d ro p p ed  1 /1 ,0 0 0 ; a t  
5 m in u tes i t  a g a in  reach ed  17 /1 ,000. F ro m  th is  
p o in t a  g ra d u a l  r ise  took place, u n t il  a t  124 
m in u te s  a f te r  p o u rin g  th e  h ig h es t p o in t was touched , 
27 /1 ,000. T h is  p o in t was m a in ta in e d  u n t i l  21 
m in u te s , w hen a g ra d u a l  fa ll took  p lace. A t 30 
m in u te s  i t  was 2 1 /1 ,0 0 0 ; a t  45 m in u te s  1 2 /1 ,0 0 0 ; 
a n d  a t  60 m in u te s  i t  h a d  re tu rn e d  to  zero . A 
f u r th e r  fa ll o f 1 /1 ,0 0 0  was reco rded  a t  68 m in u tes , 
an d  a n o th e r  1 /1 ,0 0 0  a t  73 m in u te s , when th e  te s t  
had  to  he  susp en d ed  fo r th e  n ig h t. T he g au g e  was 
le f t  in  p o sitio n , an d  n e x t  m o rn in g  i t  reg is te red  
5 /1 ,0 0 0  u n d e r  zero . T he d ifference betw een th e  
h ig h es t an d  low est re a d in g s  w as th e re fo re  32/1 ,000, 
say  1 /3 2 . T h e  end  p ins w ere th e n  m easu red  and  
reco rd ed  a t  a rise  o f 23 /1 ,000  an d  31 /1 ,000  resp ec
tiv e ly . T he cam b er on th e  ca s tin g  a s  i t  lay  in 
th e  box w as th e re fo re  32 /1 ,000 , say  1 /3 2 . T he 
hooks -were th e n  loosened, a n d  th e  im m ed ia te  rise  
o f th e  end  p in s  w as a p p a re n t.  T he c a s tin g  when 
m easu red  h ad  a cam b er of 170/1 ,000, say 11/64, 
b u t  i t  h a s  to  be rem em b ered  t h a t  th is  c a s tin g  la y  
in th e  box th e  whole n ig h t. P ro b a b ly  th is  accoun ts 
fo r th e  sm all cam ber. I t  is c e r ta in ly  less th a n  th e  
a m o u n t u su a lly  allow ed fo r.

In  tw o  g u t te r s  w ith  1 |  in . sides, th e  cam ber on 
th e  c a s tin g s  w as 2 9 /6 4  an d  2 6 /6 4  respec tive ly , b u t  
th ese  tw o g u t te r s  w ere knocked  o u t  of th e  box 
sh o rtly  a f te r  cas tin g . T h a t was before  th e  a u th o r  
h ad  a p p re c ia te d  th e  cu rio u s b eh av io u r o f th e  
c e n tre  p in . A 6 m . x 14 in . g u t te r  w ith  a ro u n d  
bead 4 in. deep x  f  in . p ro jec tio n  on  each edge 
was th e n  cast, an d  th e  b e h av io u r of th e  c en tre  
p in  w as a g a in  very  care fu lly  n o ted . I n  th e  first 
m in u te  i t  ju m p ed  25 /1 ,000 , in  th e  n e x t m in u te  i t  
g a in e d  1 /1 ,006 , b u t  d u r in g  th e  n e x t  th r e e  rp inu te?
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; t  lo s t 5 /1 ,0 0 0 . I t  th e n  g ra d u a lly  rose  a g a in  u n til  
th e  h ig h es t p o in t, 35 /1 ,000, w as reco rd ed  13 m in u te s  
a f te r  p o u rin g . I t  re m a in e d  s ta t io n a ry  fo r  18 
m in u te s , w hen a  v e ry  g ra d u a l  f a l l  to o k  p lace , u n t i l  
1 h o u r  20 m in u te s  a f te r  c a s tin g  i t  in d ic a te d  
29 /1 ,000  above zero , w hen i t  h ad  to  he le f t  for th e  
n ig h t.  In  th e  m o rn in g  i t  r e g is te re d  22 /1 ,0 0 0  above  
zero . T h e  en d  p in s w ere 6 /1 ,0 0 0  a n d  8 /1 ,0 0 0  below  
zero . As i t  lay  in  th e  box th e  c a s tin g  th e re fo re  
h a d  a convex c u rv a tu re  of 2 9 /1 ,000 , say  1 /3 2 , h u t  
when i t  was m easu red  on th e  su rfa c e  ta b le  a co n 
cave cam b er o f 4 5 /1 ,000 , say  3 /6 4 , was noted-



701

Lancashire Branch.
(BURNLEY SECTION.) 

DRY SAND AND LOAM MOULDING.

By A, Sutcliffe, Member. 

Introduction.

I t  is acknow ledged  th a t  a r t  is th e  re su lt  of work, 
an d  d ep en d s u p o n  th e  skill an d  m en ta l c ap ac ity  of 
m an , w ith o u t th e  a id  of form ulae. Iro n m o u ld in g , 
p e rh ap s , c a n n o t  be classed am o ngst th e  fine a rts , 
b u t  i t  c e r ta in ly  is  n o t  c rude. I t  is an  in d u s tr ia l  
a r t .  C on sid e rin g  th e  p rob lem s t h a t  rem ain  
unso lved  in  th e  fo u n d ry , a n d  th e  difficulties which 
a re  ad d ed  each  d ay  th ro u g h  th e  ra p id  advance  of 
th e  en g in e e rin g  in d u s try , i t  is no  ex ag g e ra tio n  to  
say t h a t  th e  w ork of th e  fo u n d ry m an  calls  for 
m ore  se lf-re liance, keen fo res ig h t, sk ill an d  con
c e n tra t io n  o f th o u g h t th a n  th o se  in d u s tr ie s  which 
a re  assum ed to  be o f  m ore im p o rtan ce .

T he m ou lder h a s 110 d e fin ite  m ethod  of c o u n te r 
a c tin g  th e  e r ra t ic  b e h av io u r o f  th e  m eta l w ith 
which he  d e a ls ; i t  is only by p ra c t ic a l  experience  
an d  th e  jud ic ious use  o f th e  m a te r ia ls  a t  h a n d  th a t  
he  o b ta in s  th e  sa tis fa c to ry  re s u lts  t h a t  a re  w it
nessed to -d ay . I t  w ould be im possible, a t  lea s t 
from  a  com m ercial p o in t  o f view, to  m ak e  flasks 
o r casings to  accom m odate  th e  n u m b er of p a t te rn s  
w hich d iffer in  th e i r  th ick n ess, size and  co n to u r, 
so t h a t  w hen a  m o u ld er has g iven  d u e  re g a rd  to  
th e  ap p lian ces a t  h a n d  and  finds h e  is sh o r t to  
d e liver a  c e r ta in  job  h is  m e n ta l fa c u lty  is called 
u pon  to  sup p ly  some m eth o d  t h a t  will su s ta in  th e  
m ould a n d  m eta l w hilst cas tin g .

D oubtless a  know ledge o f th e  n a tu re  and  
p ro p e rtie s  o f san d  adds to  th e  in te re s t  in  fo u n d ry  
w ork. B u t  th o u g h  v a rio u s fa c ts  have  been 
d educed  in  th e  lab o ra to ry , th e  m oulder is ag a in  
w ith o u t a  p o s itiv e  fo rm u la  to  gu id e  him  in  p ra c 
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tic a l  w o rk ; lie  is  s ti ll  le f t  to  h is  re so u rces . H e  
ju d g es  th e  q u a li t ie s  o f th e  san d  by h is  sense of 
to u ch , a n d  adds c e r ta in  m a te r ia ls  a n d  e n e rg y  to  
g e t a  d e s ired  effect. I n  c o n so lid a tin g  th e  san d  
a ro u n d  a n d  in  a  p a t t e rn  he is c a lled  u p o n  to  g iv e  
d ue  r e g a r d  to  i ts  f ra g i l i ty ,  firm ness of th e  san d  
to  re s is t  h e a t  a n d  liq u id  p re ssu re , w ith o u t  im p a ir 
in g  th e  p o ro sity  t h a t  allows th e  gases to  s t r ik e  
back  to  th e  v e n ts .

I t  is p roposed  to  o u tlin e  a n u m b e r o f ty p ic a l  jobs 
re ce n tly  m ade , w hich  m ig h t hav e  been  p ro d u ced  by 
e ith e r  th e  d ry  san d  o r  loam  m eth o d . T h is  m a t te r  
is t r e a te d  fro m  a jo b b in g -fo u n d ry  p o in t  o f , view , 
a n d  i t  is n o t  c la im ed  t h a t  th e se  m eth o d s a re  in  
any  way su p e rio r  o r  even  as good as m ig h t  be 
possible is m ad e  in  a fo u n d ry  sp ec ia lly  equ ipped  
fo r one class o f  w ork.

Green Sand Moulds.
As is well know n, m oulds t h a t  a re  m ade  in  

v a rio u s  k in d s  of sa n d  a n d  r e ta in  th e i r  ow n 
m o is tu re  u n til  p o u re d  o r c a s t,  a re  te rm e d  g re en  
san d  m oulds. T h is m eth o d  is, w ith o u t  d o u b t, th e  
b e st fo r  m ak in g  th e  m a jo r i ty  o f c a s tin g s  in  
o rd in a ry  fo u n d rie s  d o ing  w ork in co n n ec tio n  w ith  
m o d ern  e n g in e e rin g .

W hen  m o u ld in g  in  g re en  san d , sa n d s  t h a t  a re  
c h arg ed  w ith  m o is tu re  above a c e r ta in  l im it  should  
n o t be used , as an y  a t t e m p t  to  p o u r h o t m e ta l in to  
a  w et m ou ld  will im m e d ia te ly  g e n e ra te  d a n -  
gero u slv -la rg e  q u a n ti t ie s  o f s team  a n d  gas, a n d  
th e  m o lten  m e ta l w ill n o t  lie  on  th e  b o tto m  o r  face  
of th e  m ould , as th ese  gases a n d  ste am , c au s in g  it 
to  be  b low n o r fo rced  b ack  th ro u g h  th e  ru n n e rs  
and  r ise rs  ju s t  a f te r  ca s tin g . A m ould  of th is  k in d  
is useless, b u t  i t  se rves t o  show th e  d a n g e r  of an  
excess o f m o is tu re  in  g re en  san d .

No a d d itio n a l v e n tin g  will e n su re  a  so u n d  c a s tin g  
in such c irc u m stan c es , a n d  even d id  th e  c a s tin g  
a p p e a r  to  be a  success th e r e  w ould be tro u b le  w ith  
m ach in in g  an d  f i tt in g , a n d  th e  c a s tin g  w ould n o t  
s ta n d  th e  s t r a in  som etim es d em an d ed , b e in g  too  
b a rd  a n d  b r i t t le .  On th e  o th e r  h a n d , sa n d  r a th e r  
too d ry  will n o t  b in d , b u t  will fa ll a n d  c ru m b le  
a w a y ; o r i f  i t  d id  s ta n d  in  th e  m ould  i t  w ould 
very like ly  be  w ashed  aw ay  from  i t s  p o s itio n  bv 
th e  fo rce  o f th e  m eta l p a ss in g  from  ru n n e r  in to
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th e  m ould. I t  is ev id en t, th en , t h a t  com bined 
so u n d  ju d g m e n t an d  ex p erien ce  a re  re q u ire d  to 
d e te rm in e  th e  a m o u n t o f m o is tu re  to  be used  in  
th e  m ak in g  of c lean  g reen -san d  m oulds, which will 
re ad ily  d isc h a rg e  th e  a ir  an d  gases, a n d  cause  no 
t ro u b le  to  th e  m ou lder o r anyone  concerned .

Skin-dried Sand Moulds.
S k in -d ried  m oulds a re  th ose  which a re  ram m ed 

up in  g re en  sand , a n d  th e n  d ried  sk in  deep, a f te r  
being  c lean ed  u p  a n d  w ashed w ith  w et b lack ing . 
I t  w ill be seen  t h a t  by  sk in -d ry in g  a m ould th e  
m o is tu re  on  th e  su rfa ce  o r face  of th e  m ould is 
red u ced  to  som e e x te n t . S k in -d r ied  m oulds o ften  
g ive  so u n d e r an d  m u ch  c lean e r cas tin g s th a n  do 
g re en  san d  m oulds, a n d  when c a s t  do n o t g e n e ra te  
as m uch  steam  a n d  gas, a n d  a re  th e re fo re  less 
liab le  to  give blown o r  scabbed and  d ir ty  castings. 
T here  a re  m oulds which i t  is necessary  to  sk in -d ry  
ow ing to  th e i r  in tr ic a te  a n d  d e lica te  c o n stru c tio n . 
Such  m oulds a re  b e t te r  ab le  to  w ith s ta n d  th e  flow 
a n d  force  o f th e  m olten  m eta l in  passin g  down 
th e  ru n n e r  a n d  th e n  o v er th e  face  of th e  m ould 
a t  th e  t im e  of ca s tin g .

R ed u cin g  th e  m o is tu re  on th e  face a n d  walls 
of a  m ould  also stiffens th e  g reen -san d  cores, an d  
th e re  is n o t th e  sam e like lihood  of p a r tic le s  be ing  
w ashed up from  th e  face  an d  w alls of th e  m ould 
as w ith g reen -san d  m oulds.

Dry Sand Moulds.
D ry -san d  m oulds a re  th o se  which a re  ram m ed  

u p  in  th e  sam e way as th e  o rd in a ry  g reen -san d  
m ould , b u t  a re  subseq u en tly  d r ie d . These m oulds 
should  be v en ted  to  a  c e r ta in  e x te n t  in  ex ac tly  
th e  sam e w ay as g reen  san d  m oulds, fo r  a lth o u g h  
th e re  is no  m o is tu re  to  expel o r  fo rce  th ro u g h  
th e  w alls o f th e  m ould , th e re  is  a lw ays a  c e r ta in  
a m o u n t of gas g e n e ra te d  in th e  san d  a t  th e  tim e  
of ca s tin g , which will pass and  escape th ro u g h  th e  
v en ts  w ith o u t an y  m ark ed  effect. W hen  n o t 
v en ted , som etim es th ese  m oulds explode o r  th e ir  
gases ig n ite  before  th e  p o u rin g  o r c a s tin g  is 
fin ished, a n d  th e  shock causes th e  face o r  to p  of 
th e  m ould to  suffer by sm all pieces be in g  shaken  
off, th e  r e s u l t  b e in g  a  d i r ty  an d  u n sa tis fa c to ry  
c a s tin g , only fit, p e rh ap s , fo r  th e  sc rap  heap .
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Loam Moulding.
T h ere  is l i t t le  in  com m on b e tw een  sa n d  a n d  loam  

m o u ld in g , ex cep t t h a t  each  m eth o d  form s a  m ould  
t h a t  will h o ld  m olten  iro n  a n d  t u r n  o u t  a 
sa t is fa c to ry  c a s tin g .

A loam  m o u ld e r’s  d a ily  ro u tin e  is con cern ed  w ith  
sp in d le  p la te s , b rick s , s tra ig h t-e d g e s  a n d  sq u a re , 
s tr io k lin g  b o a rd s , s tr ick le s , e tc .,  rv h ils t th e  san d  
m o u ld e r is  con cern ed  w ith  v a r io u s  k in d s  of 
p a t te rn s .

W h en  m ak in g  a  c a s tin g  in  loam , w h e th e r  la rg e  
o r  sm all, p la in  o r  d ifficult, th e  p re p a ra t io n  of th e  
ta c k le  is m ost im p o r ta n t,  an d  if th e  c a s tin g  is  a 
d ifficu lt o r in t r ic a te  o n e  th e r e  is m ore  reaso n  
fo r fo re th o u g h t b y  d ra u g h ts m a n , p a t t e r n  m ak e r 
a n d  m o u ld er a t  th is  p o in t.

T h e  w ork is la id  o u t fu ll size, as f a r  a s  is  neces
sa ry  in  th e  p a t t e r n  shop , a n d  th e  m o u ld er, w ith  
th e  a id  o f  th e  p a t t e r n  m ak e r, p ro c u re s  th e  d im en 
sions fo r  h is  ta c k le  fro m  i t .  T h e  Im p o r ta n t  p o in ts  
fo r th e  m o u ld e r to  w a tch  in  th is  m a t te r ,  a p a r t  
from  th e  c o rre c tn e ss  of size, is, f irs t, t h a t  th e  
ta c k le  is sufficiently  s t ro n g ;  second, t h a t  p rov ision  
is m ad e  fo r  ru n n e rs  a n d  r ise rs , b o ltin g  u p , and  
escape o f a i r ;  th i r d ,  p ro v isio n  fo r e a s in g  or 
l ib e ra t in g  a f te r  p o u rin g , a n d  fo r  th e  c o n tra c tio n  
of th e  c a s tin g . I t  is f a r  p re fe ra b le  fo r  a  m o u ld er 
to  e r r , , w ith in  reaso n , on  th e  h e av y  r a th e r  th a n  on 
th e  l ig h t  s ide  w hen m ak in g  h is  ta c k le , because  th e  
b re a k in g  o r  s n a p p in g  o f a p la te , b in d e r , s ta p le  o r 
b o lt  o ften  m ean s 'com m encing a f re sh , b esid es th e  
po ss ib ility  of in ju r ie s  to  th o se  n e a r  th e  w ork.

Efficiency in Handling Bricks and Mud.
In  a r ra n g in g  th e  w ork, th e  m o st effic ien t m a n n e r  

of b r in g in g  b o th  b rick s  a n d  m u d  to  th e  wall will 
depend  u p o n  th e  size  of th e  jo b , th ic k n e ss  o f th e  
wall, a n d  w h e th er th e  wall is  b e in g  ru n  u p  in  a 
p i t  o r  above th e  floor level.

A t som e shops, sk ip s o r  b u ck e ts  h a n d le d  by  th e  
c ra n e  a re  used  to  d e liv e r th e  b r ic k s  to  th e  m o u lder. 
W h ere  th is  is th e  case, th e  b r ic k s  should  be c a re 
fu lly  a r ra n g e d  in th e  sk ip  in  o rd e r  a n d  n o t  th ro w n  
in h a p h a z a rd . W h en  th e  b rick s  a re  p ile d  in th e  
sk ip  n e a tly  th e  m o u ld er m akes th e  sam e m o tio n s 
in  rem ov ing  each  su cceed ing  b rick , a n d  does n o t
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h av e  to  tw is t  h is a rm  back  a n d  fo r th  to  g ra b  
bricks ly in g  a t  v a rio u s  ang les.

As th e  w all rises  b o th  th e  b rick s  a n d  th e  m u d  
shou ld  be d e liv e red  as ite a rly  on  th e  level o f  th e  
wall as possible. I n  som e cases t h e  m o u ld e r’s 
h e lp e r p ile s  th e  b rick s  on  to  s h o r t  “  b o a rd  p ack s  ”  
an d  p laces th e se  on  a  b o s o r p a i r  o f “  ho rses ” 
beside  th e  m o u lder. T h e  b u c k e t of m u d  should  
a lso  be s e t  on a  box o r  “  h o rses  ” a s  n e a r  th e  level 
of th e  wall as possible.

Increased Efficiency and Lessened Effort.
B y c a re fu lly  c o n sid e rin g  th e se  item s, an d  

e lim in a tin g , so fa r  as p ra c tic a b le , u n n ecessa ry  
a n d  f a tig u in g  w ork on  th e  p a r t  of th e  m o u ld er, 
th e  n u m b er of b rick s he  can  lay  in  a  d a y  w ill be 
m a te r ia lly  in c re ased  w ith o u t  a d d in g  to  th e  
physica l e ffo rt he  m u s t p u t  fo r th .

Good m o u ld ers in tu i t iv e ly  reco g n ise  th e  a d v a n 
ta g e  of p ro p e r  h a n d lin g  o f b rick s  a n d  m u d , an d  
i t  is th e  th o u g h tfu l  o b se rv an ce  o f th e se  m in o r  
sav in g s t h a t  d if fe re n tia te s  b e tw een  th e  h ig h -g ra d e  
loam  m o u ld er a n d  th e  in d if fe re n t  w orkm an.

MOULDING A RAM CASTING.
T h e  m a k in g  o f th is  c a s tin g  in  loam  w ill f irs t be 

d e a lt  w ith . T h e  a u th o r  has seen s im ila r  cas tin g s  
m ad e  in  m an y  fo u n d rie s  in  L a n c a sh ire  a n d  Y o rk 
sh ire  in  b o th  loam  a n d  d ry  san d .

T o r  th e  loam  m eth o d  p la te s  of d iffe re n t sizes a re  
re q u ire d  : a  b o tto m  p la te , co p e-rin g , tw o  b u ild in g  
r in g s , a n d , if th e  c a s tin g  is o ver 6 f t .  long , i t  w ill 
re q u ire  s p l i t t in g  to  en ab le  th e  m o u ld er to  g e t  i t  
in to  th e  stove. T his, o f course , w ill c au se  m ore  
w ork, a n d  w ill r e q u ire  a n o th e r  c o p e-rin g  a n d  tw o 
e x tr a  b u ild ing -rdngs, a  to p -p la te  w ith  h o les fo r 
r ise rs  an d  core, an d  tw o s ta p le s  c a s t  in  fo r  h o ld in g  
down th e  b a r re l  core.

A s t a r t  c an  now be  m ad e  o n  th e  b o tto m  p la te  
w ith  a n  in ch  se a tin g , o r  a  fo u r-in ch  se a tin g , fo r 
i t  is th e n  m ere ly  a  s t r a ig h t  b u ild  a ll th e  w ay u p , 
b u t  tw o b rick s  m u s t be le f t  o u t  a t  th e  b o tto m  so 
t h a t  th e  m o u ld er can  rem ove  th e  d ro p p in g  loam  
from  th e  s tr ick le . A n in ch  s e a tin g  w ill be  suffic ient 
foir th e  co v erin g  p la te , as th is  will s e t  th e  c e n tre  
core..
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I f  th e  coping h a s  to  be s p l i t  in  th e  c e n tre  i t  can  
be d one  on th e  b u ild in g , or a  dum m y se a tin g  can  
be se t  u p . I f  th e  m ould  is  p u t  to g e th e r  in  th e  
p i t  i t  w ill re q u ire  ra m m in g  u p .

H/0OO P/ECE5 
P / v o  

T o p  o f  q o x

Wood flangein SA/VO NIOOLO

B e  D O  E D

F ig . 2— C y lin der  for Crank  L athe .

I t  is assum ed t h a t  all co res a re  m ade  on a b a rre l, 
a s  show n in  F ig . 1, b u t  should th ey  b e  m ade  in 
th e  m ould by th e  loam -m oulder e x tr a  w ork  is 
e n ta ile d , a n d  th e  job  will cost m uch m ore p e r  cw t.

A n o th e r m ethod  o f m ak in g  a  ra m  c a s tin g  is by 
u sing  ha lf-boxes. I t  invo lves fix ing th e  b o ard  fa s t  
to  a  h o riz o n ta l sp indly , rev o lv in g  in ' a  socket a t  
each  en d  of th e  box. T h is  should  be co red  w ith  a 
b a r re l core, p u t  to g e th e r  an d  tu rn e d  u p  on its  end 
to  c a s t  in  a  p i t .  R am s a re  also m ade  in  half-boxes 
in  d ry  san d  from  a  p ip e  p a t te rn ,  cored an d  tu rn e d  
on end  th e  sam e w ay as described above.

2 a 2
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T h is c a s tin g  can  also be m ad e  in  boxes of tw o 
sizes— 8 f t .  in side, a n d  3 f t .  6 in . in s id e — w ith  
18 tin. deep m id d les a n d  an  8-in. b o tto m , w ith  she ll 
p a t te rn s  to  fo rm  th e  o u ts id e  p a r t  of th e  m ould , 
a s  show n in  F ig . 1. I t  w ill b e  seen t h a t  th e  b o tto m  
box is a  fu ll p a r t ,  h a v in g  no b a rs . I t  h a s  o n ly  tw o 
3-in . holes in  th e  b o tto m , a n d  is p e r fo ra te d  on  th e  
sides.

T h e  m eth o d  a d o p te d  by th e  .au th o r is to  p u t  some 
c in d e rs  in  th e  b o tto m  box, a n d  ram  up  w ith  sa n d  
to  th e  jp in t .  A t  th is  p o in t  th e  shell p a t t e r n  is 
p laced  in  p o sitio n , p u t t in g  e ig h t  s p r ig s  o n  th e  
o u ts id e  of p a t t e r n ,  so' t h a t  th e  m o u ld e r can  g e t  
th e  c e n tre  fo r  th e  p r in t .  T h en  each  m id d le  is 
ram m ed  u p , m ak in g  a  jo in t  a t  each  box, o r  ev ery  
tw o. T h e  m id d le  boxes h a v e  a  flange a ll ro u n d  on  
th e  b o tto m  in s id e  to  p re v e n t  th e m  fro m  d ro p p in g  
o u t  a f te r  b e in g  in  t h e  s tove  fo r  th e  n ig h t.

A f te r  h a v in g  iram m ed u p  to  th e  h e ig h t  re q u ire d  
suffic ien t sp ace  is allow ed fo r  th e  r u n n e r ,  as show n 
in  F ig . 1, sc rap ed  down a t  o n e  s id e  a b o u t a foot. 
T h e  o u ts id e  o f th e  m ould  m u s t be  m ad e  h ig h e r , 
fo r, as will be  seen, th e  c o re  fo rm s th e  c a s tin g .

How the Core is Made.
T he core is  m ad e  on  a  p e r fo ra te d  iro n  tu b e  o r 

core  b a rre l  in  th e  o rd in a ry  w ay, o n ly  a  s to p -p iece  
4 in . w ide is in c o rp o ra te d  to  fo rm  th e  g a te , an d  
th is  fo rm s th e  end  of th e  c a s tin g . T h is  p a r t  of th e  
core is f t h  in . less th a n  th e  body of th e  m ou ld , a n d  
th is  w ill ru n  a jo b  w e ig h in g  5 to n s .

A  p r in t  is  bed d ed  in  th e  b o tto m  box . A f te r  th e  
job h a s  been in  th e  s to v e  o v e r-n ig h t i t  is  p u t  
to g e th e r  in  th e  p i t  w ith  th r e e  b r ick s  on  th e  b o tto m  
jo in t ,  so t h a t  w hen th e  core  is  low ered  dow n  th e  
m ould  th e  m o u ld er will be ab le  to  g u id e  i t  in to  th e  
p r in t .

T he b rick s  m u s t be  ta k e n  o u t  a f te r  th is  h a s  been 
done, a n d  th e  m id d le  boxes low ered in to  th e  b o t- 
to m . A f te r  th is  th e  p ro ceed in g  is  to  c o tte r  u p  
th e  whole a n d  p u t  th re e  th in  w edges be tw een  th e  
co re  a n d  th e  m ould . T he core  w ill be  in  th e  
c e n tre  o f th e  m o u ld ; i t  is th e n  b o lted  dow n as 
show n in  F ig . 1, a n d  is th e n  re a d y  fo r  th e  m eta l.

A fte r  th e  c a s t, loosen th e  screw  b o lt  w hich is 
h o ld in g  dow n th e  core a l i t t l e  a t  a tim e , o r  th e
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b a r re l  will sag  in  th e  m idd le . I t  w ill be seen 
th e re fo re  t h a t  th e  d ry  sand  m ethod  of m ak in g  th is  
c a s tin g  is m uch q u ick e r a n d  ch eap er th a n  th e  loam 
m ethod .

Cylinders for Crank Lathes.
T he co n d itio n s  a p p e r ta in in g  to  th ese  were th a t  

an  o rd e r  w as p laced  fo r  six cas tin g s, which were 
m ade in  loam , an d  a f u r th e r  o rd e r  cam e in  tw elve 
m o n th s la te r  fo r tw o s im ila r  c as tin g s. T h is tim e , 
as th e re  w ere on ly  tw o re q u ire d , an d  a ll th e  loam  
p la te s  h ad  been  b ro k en  up , to  save expense  i t  was 
decided  to  m ak e  th em  in  th e  boxes used fo r  th e  ram  
c a s tin g  a n d  in  diry sa n d , especially  as th e re  was 
•a shell p a t t e r n  h an d y  to  form  th e  o u ts id e  of th e  
c a s tin g .

So all t h a t  was re q u ire d  now w as a  flange fo r th e  
bo ttom  (X , F ig . 2) an d  a  wood s tr ick le  fo r se ttin g  
th e  cores in  th e  c e n tre , u s in g  th e  sam e core  box 
as in  loam . T hen  th e re  must- be p ro v ided  som e 
wood s t r ip s  to  fo rm  th e  to p  flange an d  h ead  o f th e  
c a s tin g , also1 a  b lan k  flange from  stock to  se t th e  
core in  th e  b o tto m .

I t  will be  seen t h a t  th is  ca s tin g  c an n o t be ru n  
th e  sam e way as a  ra m , as th e  m eta l would drop  
on th e  sh ou lder V , which would be w rong , so a 
co v erin g  p la te  w as m ade w ith  holes fo r th e  core to  
com e th ro u g h , a n d  g its . T h is p la te  is  he ld  down 
w ith  th re e  c lam p s u n d e r  th e  flange on  th e  box, 
th e  b a rre l core b e in g  held  in  th e  sam e way as in 
th e  ra m  m ould . A f te r  m ak in g  u p  th e  g i t  bush  on 
th e  p la te , I t  is re ad y  fo r c a s tin g .

T h is m ould  b e in g  p u t  to g e th e r  in  th e  p i t ,  i t  is 
b e tte r  to  c a s t  w ith  th e  lad le . T h e  tim e  fo r  m ak in g  
th is  job  in  loam  w as 40 ho u rs , w hereas m ak in g  th e  
sam e  c a s tin g  in d ry  sa n d  was 16 h ours, in c lu d in g  
b o th  m o u ld in g  a n d  co re-m ak ing . T he san d  u sed  
fo r  b o th  th is  job a n d  th e  ram  was m ade  up  w ith  
12 p a r ts  o f re d  san d , 5 p a r ts  o f  b lack  sand , 2 p a r ts  
o f sea sand , 3 p a r ts  of m an u re , an d  f  o f a  p a r t  of 
coal d u s t. I t  was m illed  fo r  a q u a r te r  o f an  h o u r 
w hen a ll  in  th e  m ill. T h e  m e ta l used  w as m ade  
u p  o f 10 cw ts. o f s tee l, 20 cwts. o f h e m a tite , 20 
cw ts. of Scotch , 10 cw ts. of Sheepbridge , an d  40 
cw ts. o f scrap . T he c a s tin g  analysed  o u t  a t  
C, 3 .0 ; S i, 1 .3 ; M n, 0 .6 ; P , 0 .4 ; an d  S ., 0.1 p er 
cen t.
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MAKING A CONDENSER CASTING IN LOAM.
T he m ak in g  o f th is  c a s tin g  in  loam  w ill f irs t b e  

d e a l t  w ith . As th is  was an  o u ts id e  job  fo r  a n  
e n g in e e r in g  firm , th e y  su p p lied  b o a rd s, loose 
b ra n ch  a n d  fo u r  feet.

F ig. 3.

A fte r  h a v in g  m ad e  a  b o tto m  p la te  a n d  a  cope 
r in g  (F ig . 3), th e  m o u ld e r can  s t r ik e  th e  s e a tin g  
fo r th e  job fro m  a  c e n tre  sp in d le . H e  m u s t  th e n  
allow th e  m o u ld  to  se t  o v e rn ig h t. I t  is  th e n  re a d y  
fo r th e  cope r in g , a n d , h a v in g  s e t  th e  fo u r  fe e t, 
th e  m o u ld er can  b u ild  u p  to  th e  flan g e  b o tto m  of 
th e  b ra n ch . I t  is  good p ra c t ic e  to  allow  th e  
p a t te rn m a k e r  who is in  c h arg e  o f th e  jo b  to  s e t  
th e  b ra n ch , th e  m o u ld er s e t t in g  th e  g a te s  on th e  
o th e r  side  o f th e  b ran ch .
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W h en  th e  b ra n c h  a n d  g a te s  a re  in  p lace  th e  m ould 
is re ad y  fo r  b r ick in g  up  to  th e  jo in t ,  h a v in g  p ro 
c u red  b u ild in g -r in g s  an d  b o x -p la tes  fo r  th e  
b ra n ch  fo r b in d in g  th e  b o tto m -p a rt  to g e th e r. F o r  
h is  ow n p u rp o se  th e  a u th o r  sp lits  th e  m ould , w here  
show n in  F ig . 3, w hen p u t t in g  th e  job  to g e th e r.

F o r  th e  b ra n c h  th is  m u s t be  faced  w ith  a  space 
o f ab o u t 3 in . a ll  ro u n d  fo r th e  back  p la te  to  fit 
a g a in s t.  T h is is shown q u ite  c learly  in  F ig . 3. I t  
will fie seen  t h a t  th e  f irs t b u ild in g -r in g , ju s t  u n d e r 
th e  f irs t  jo in t ,  fo rm s th e  p la te  fo r  th e  to p  sid e  of 
th e  flange o f th e  b ra n c h , a n d  a n o th e r  fo r  th e  
b o ttom . T h is  g ap  c an  be m ad e  a  ro u n d  one, 
s im ila r  to  th e  flange, b u t ,  of course, w ith  th e  
necessa ry  b e a r in g ; b u t th e  a u th o r  p re fe rs  a  sq u are  
one, as i t  is m uch b e tte r  to  se t an d  p ack , a n d  if 
th is  ty p e  of job  is n o t  well pack ed  a n d  sto p p ed  in , 
th e  m e ta l will b re a k  o u t.

F o r  th e  f irs t jo in t ,  w here  th e  b u ild in g  o f the- job  
is sp lit, a n o th e r  l if t in g  r in g  is re q u ire d  to  l if t  th e  
to p  p o rtio n  o f th e  m ould  aw ay. H a v in g  m ad e  th is  
r in g  th e  n ig h t b e fo re , i t  is q u ite  re ad y  fo r  p lac ing  
on th e  jo in t .  T h e  b o a rd  m ust th e n  be sp u n  
ro u n d  an d  t h a t  a ll is  c le a r  be  a sce rta in ed . C a rry 
ing  th e  o v e r-lap p in g  jo in t ,  th e  m o u ld er is on th e  
s t r a ig h t  b a r re l  t i l l  he reaches th e  flange. H e re  
he m u st n o t fo rg e t h e  re q u ire s  4 in . fo r th e  h e ad  
on th e  to p  o f th e  ca s tin g . H a v in g  p laced a n o th e r  
b u ild in g -r in g  in  th is  to p  p o rtio n , he  need  have  
no  fe a r  of th is  c as in g  com ing  a p a r t  when c a r r ie d  
ab o u t, b u t  if  th e  c h a in  should  slip—a n d  th is  h as 
h ap p en e d — it  w ould m ean  m ak in g  a  fresh  s ta r t .

Now th e  m oulder can  m ak e  th e  to p -p la te , which 
is p ro d d ed  -as shown in  F ig . 3, w ith  tw o r ise r  holes, 
a  v e n t hole fo r th e  core, an d  a  sq u a re  p ro d d ed  - 
p la te  fo r th e  b ran ch . T hese p la te s  a re  d au b ed  
w ith  loam , a f te r  w hich th e y  a re  read y  fo r stov ing .

A fte r  a s c e r ta in in g  t h a t  a ll  jo in ts  a r e  m ark ed  
a n d  t h a t  th e  sp in d le  is o u t  of th e  way of th e  
casing , th e  m ou lder can  com m ence to  pu ll th e  
cop ing  off th e  se a tin g , leav in g  th e  se a tin g  still 
in  position . T he b ra n ch  p a t te rn  and  fo u r  fe e t a re  
rem oved, an d  th e  c a s in g  is finished re ad y  fo r  th e  
stove, w h ere  i t  w ill re q u ire  to  re m a in  fo r tw o days.

N e x t th e  sp in d le  m u s t be p laced  back  in to  th e  
socket, th e  b o a rd  fo rm in g  th e  core is fixed on , a f te r
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w hich th e  m o u ld er c an  b u ild  up w h a t fo rm s th e  
in s id e  of th e  cas tin g . I t  m u s t be  rem em b ered  to  
keep  to  size, a s c e r ta in in g  t h a t  th e  five b u ild in g -in  
pieces a r e  a b o u t half-wray  u p , a n d  t h a t  th e  4 -in . 
o f h e a d  h as been  a d d ed  to” th e  cop ing . A d d itio n a lly  
4 ins. m u s t be  ad d ed  to  th e  core.

Two b u ild in g -in  r in g s  w ill be  re q u ire d  fo r  
s tre n g th e n in g  th e  core, w hich  w ill b e  c a r r ie d  o u t  
in  th e  sam e  m a n n e r  as th e  cope w hen  t h e  co re  is 
b u ilt .  Now th e  co p in g  c a n  b e  b ro u g h t  fro m  th e  
stove, a n d  th e  se a tin g  w ith  th e  co re  on re tu rn e d ,  
re m e m b e rin g  th e  five b u ild in g -in  p ieces.

T he n e x t  job  is  to  finish c o p in g  th e  to p  p la te  a n d  
th e  p la te  fo r  th e  b ra n ch . T hese  th re e  a r e  th en  
r e tu rn e d  to  th e  s tove  fo r  th e  la s t  tim e , a n d  th e  
co re  is b ro u g h t  o u t ,  a f te r  w hich  i t  re q u ire s  fin ish
in g , b lac k in g , a n d  r e tu r n in g  to  th e  stove to  fin ish  
d ry in g .

Preparing the Pit.
T h e  m eth o d  of p u t t in g  th e  iro u ld  to g e th e r  on  

th e  to p  of th e  p i t  a n d  th e n  l i f t in g  i t  in to  th e  p i t  
is a  b ad  p r in c ip le , as w hen it  is l i f te d  w ith  th e  
c ran e  i t  is lia b le  to  b e  c rac k ed  in  p laces, a n d  th e  
m e ta l w ill g e t  in to  th e  c rack s  a n d  v e n ts , r e su ltin g  
in  a  b a d  c a s tin g , a n d , p e rh a p s , som eone b e in g  
seriously  b u rn e d . T h e  m eth o d  of p u t t in g  th e  
m ould  to g e th e r  in  th e  p i t  is  a  m uch  b e t te r  o n e— 
th a t  is, o f course , fo r  jobs w hich  re q u ire  ra m m in g  
u p  an d  n o t  p ro d d e d  jobs, as th e  l a t t e r  a re  p u t  
to g e th e r  an d  c a s t  on  th e  to p .

F i r s t  th e  s e a tin g  w ith  th e  core is p u t  on  in  th e  
p i t ,  see in g  t h a t  th is  p a r t  o f th e  m ould  is  “  p lu m b .”  
T he b o tto m -c o p e  m u s t th e n  be p u t  o v e r th e  core. 
T h is cope h a v in g  been  sp l i t ,  th e  m o u ld e r h e re  h as 
th e  a d v a n ta g e  o f b e in g  able to  see  a ll ro u n d  th e  
bo ttom .

T he g a te s  a n d  b ra n c h  b e in g  com plete , th e  m o u ld er 
can  now fix th e  core in  th e  b ra n ch  an d  p u t  on  th e  
co v erin g  p la te  o f th e  flange. T h is  m u s t  b e  well 
s to p p ed  in  w h ile  th e  job  is  w arm . T h e  to p  cope 
can  now be  p u t  on to  th e  m ark s  p rev io u s ly  m ade . 
T h is b e in g  done, th e  m ould  is re a d y  fo r  th e  to p  
p la te . I t  m u s t b e  a sc e r ta in e d  t h a t  th e  core  
to u ch es th is  p la te  a n d  th e  r ise rs  a re  co rre c t. A ll 
th e  jo in ts  can  be m ad e  up  w ith  w et loam , a n d  th e n  
th e  job is re ad y  fo r  b o ltin g  u p  w ith  sh ack les  a n d



bolts— n o t c lam ps, as these  som etim es “  g i v e , ”  a n d  
th e  m e ta l is th e n  liab le  to  r u n  o u t.

H a v in g  m ade th e  g a te s  a n d  rise rs  up  w ith  w aste, 
th e  m o u ld er can  p u t  th e  irings a ro u n d  th e  m ould 
a n d  com m ence to  ra m  up . A t th is  ju n c tu re  th e  
m o u ld e r m u s t see t h a t  th e  h ack  p la te  belong ing  to  
th e  b ra n ch  is  well p acked , o r  th e  m e ta l will escape 
w hen it begins to  How. I f  th is  m e th o d  is s tr ic tly  
a d h ered  to  th e r e  is no  reaso n  w hy th is  m ould 
should  n o t  g ive a  p e r fe c t  c a s tin g .

MAKING A CONDENSER CASTING IN SKIN-DRIED 
SAND.

T h is cas tin g , w hen  m ad e  by sk in  d ry in g , is b u ilt  
u p  in  tw o  p a r ts ,  as show n in  F ig . 4. T he top  
p a r t  is mad© fro m  a  jo b b in g  p ip e -p a tte m  w ith  
flanges, o n e  in  th e  socket a n d  th e  o th e r  on  th e  
body. H oles a re  d rilled , so obviously  i t  req u ire s  
v e ry  l i t t le  p a tte rn -m a k in g  on  th is  h a lf  o f th e  job. 
T he o th e r  h a lf  o f th e  c a s tin g —th e  b o tto m  p a r t—  
is m ade  by  fix ing  u p  th e  core on  a  b a rre l , so  a® 
to  fo rm  th e  in sid e  o f th e  c a s t in g ; th e n  th e  th ic k 
ness is p u t  on  th e  core to  form  th e  p a t te rn .  The 
sam e loose fe e t a n d  b ra n ch  p a tte rn s  a re  re q u ire d  
if m ade  th is  w ay.

A hole m u st now be m ade  in  th e  fo u n d ry  floor 
suffic ien tly  la rg e  in  every  w ay fo r  th e  jo b  req u ire d , 
b u t 2 f t .  d eep e r th a n  th e  face  o f th e  m ould , as 
th e  b ra n ch  goes on th e  b o tto m . T his w ill allow 
th e  c in d ers to  be o u t  of th e  way. T he san d  is 
well ram m ed  on to p  of th e  c in d ers , so t h a t  th e re  
will be no s t r a in  m ark s  w hen th e  ca s tin g  is fe tch ed  
ou t.

T he p a tte rn -m a k e r  h a v in g  n a iled  th e  fo u r  fe e t 
on  th e  core p a t te rn ,  th e  m ou lder is now re ad y  fo r  
th is , a n d  i t  c an  be p u t  in  th e  hole m ade  in  th e  
floor. T he p a t t e r n  m u st s ta n d  h a lfw ay  above th e  
level o f th e  fo u n d ry  floor, so i t  can  be "carried h a lf  
aw ay in  th e  to p  box.

H a v in g  th e  p a t t e rn  well s ta k ed  a t  fo u r  corners 
an d  well ram m ed  up  to  th e  jo in t ,  i t  m ay  now be 
l if te d  o u t  an d  a  hole p re p a re d  fo r  th e  b ran ch . 
T his m u st be  se t  by  g au g e  an d  staff, a s  th e  b ran ch  
m u st be  in th e  c e n tre  o f th e  tw o fe e t a n d  a d is
ta n c e  up  th e  body o f th e  c a s tin g . T h e  flange  on 
th e  b ra n ch  m u st be covered w ith  a loam  cake, 
w hich m u s t be  well sp iked  dow n, o r  i t  will l if t .  I f
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all th e  holes in  th e  flanges a re  d rille d , th e  m o u ld er 
c a n n o t go w rong , as he  can  d r ill  th e  holes to  su i t  
th e  c e n tre  of th e  fe e t a n d  b ra n ch .

N ow  th e  m o u ld er c an  a g a in  r e tu r n  th e  core  
p a t t e r n  in to  th e  s ta k es  by re m o v in g  th e  
s ta k es  a n d  m ak in g  good th e  ho les a n d  th e  
jo in t .  T he to p  box c an  now  be p u t  on . 
T his, t a k in g  h a lf  th e  p a t t e rn ,  re q u ire s  m a n y  l if te r s  
an d  a  good ram m in g . T h is  done, th e  m o u ld e r m u s t 
s ta k e , in  fo u r  p laces, a n d  l i f t  off th e  to p  box. H e  
m u s t th e n  l i f t  th e  core p a t t e r n  o u t  of th e  m o u ld  
a n d  ta k e  i t  b ack  in to  th e  core-shop. T he co re 
m ak e r is re q u ire d  to  ta k e  off th e  th ic k n e ss  of loam  
w hich  fo rm s th e  th ic k n e ss  o f m e ta l. T h e  co re  
re m a in in g  on th e  b oad  is b lack ed , as th is  is to  
fo rm  th e  in s id e  o f th e  e a s tin g .

R e tu rn in g  to  th e  m o u ld , 
th e  m o u ld er c an  d raw  
o u t  th e  fo u r  f e e t  an d  
b ra n c h  body, fin ish , an d  
b lack  th e  m ou ld  w ith  a 
b lack  w ash , t h e  c o n s t itu 
tio n  o f w hich  is o n e  b u c k e t 
o f  p lu m b ag o , tw o b u ck e ts  
of com m on b lac k in g , o ne  
h a n d fu l  of g u m , a n d  o n e  
g ill  o f  co re  o il. T h is  
should  be  well m ix ed  an d  
allow ed to  s ta n d  o v e r
n ig h t.

O n  th e  b o tto m  p a r t  of 
F i g . 4. th e  m ould  fires a re

l i t  a n d  h u n g  o v e r th e  
to p  box fo r  ab o u t o ne  h o u r . W h en  i t  is
th o u g h t  to  have  h a d  suffic ien t d ry in g , th e  
fires m u st be  ta k e n  off. H a v in g  p laced  th e
to p  on  b rick s , th e  m o u ld e r  c lean s  o u t  th e
c in d ers , p u ts  in  th e  b ra n c h  core, th e n  th e  body  
core, a s c e r ta in in g  t h a t  th e se  tw o cores to u ch . 
A f te r  t ry in g  o n  th e  to p  box, i t  is  l if te d  off a g a in , 
a n d  if  e v e ry th in g  is sa t is fa c to ry  th e  to p  box c an  
be  r e tu rn e d  fo r  th e  la s t  tim e . T h e  b a r re l  is 
sco tched  a n d  well s to p p e d  in  a t  each  en d  ; th e  g a te s  
m ade  u p , a f te r  w hich  th e  m ould  is re a d y  fo r  th e  
m eta l. T he c a s tin g  is ru n  by  sp ra g s  on  th e  jo in t .

M ade in  th is  fa sh io n , th e  job  does n o t  re q u ire  
an y  m ore  p a tte rn -m a k in g  th a n  i t  d id  in  loam , b u t  
w ith  th e  l a t t e r  m eth o d  i t  w ould re q u ire  p la te s  an d
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ta c k le , w hich d en o te  e x tr a  cost. A com parison  of 
th e  m o u ld e rs’ t im e  tak e n  by th e  tw o m ethods is 
se t  o u t below.

L oam .
H o u rs .

M oulder ... ... ... 62
L a b o u re r  ... ... ... 62
D resser ... ... ... 5

W eig h t ... 6 cw t. 0 a trs . 25 lbs.
S k in -D ry  S and .

M oulder ................................. 25
Dressecr ... ... ... 6

W eig h t ... 11 cw t 0 q trs . 22 lbs.

MAKING A DYE GIG IN LOAM.
I t  is p ro b ab le  t h a t  th e  m ak in g  of th is  job in 

loam  is u n su itab le , ta k in g  in to  co n sid e ra tio n  tim e , 
r isk  a n d  p rice . On assu m in g  th e  m an a g em e n t of 
a  fo u n d ry , th e  a u th o r  fo u n d  t h a t  tw o  cas tin g s 
h ad  to  be m ade  oil such a p a t te rn ,  o ne  h ad  been 
a lre a d y  m ade  a n d  th e  o th e r  one ju s t  s ta r te d .  An 
e n q u iry  as to  th e  tim e  each job  h ad  ta k e n , revealed  
t h a t  fo r th e  firs t, fo r w hich  p la te s  w ere re q u ire d , 
no few er th a n  196 h rs. w ere  absorbed. F o r  th e  
second i t  w as red u ced  to  138 h rs ., o r  167 fotr each.

T hese tw o w ere th e  la s t  c as t th is  w ay. This 
cas tin g , th e  sam e “  o ver th e  scales,”  is now m ade 
in  d ry  san d  in  54 h rs ., a n d  is fo u n d  to  be equally  
as good, assoc iated  w ith  less risk .

T he loam  job , w hen m ade from  a sk e le to n  p a t 
te rn ,  r e q u ire s , th e  follow ing tack le  fo r  th e  tw o 
c a s tin g s  re q u ire d  :—A b o tto m  p l a t e ; cope p la te ; 
tw o b u ild in g  p la te s ;  p la te s  foir co re; one b u ild in g  
p la te ;  a  p rodded  p la te  for to p  of co re; a n d  a  to p  
p la te  w ith  2-in. p rods cas t on. Seven p la te s  in 
all. T h is n ecess ita te s  a b o u t 8 to n s  of m eta l be ing  
m elted , cas t an d  b roken  u p . T his is a cost which 
h as to  be considered , a n d  th e re  is s till  re q u ire d  
loam  b rick s a n d  lab o u r to  m ake  th e  m ould , w hich 
w ill be in  a n d  o u t of th e  stove fo r th re e  o r  four 
days.

A f te r  p u t t in g  th e  job in  th e  p it,  w ith  th e  top  
an d  b o tto m  p la te s  bo lted  to g e th e r ,  an d  w ith  ev ery  
jo in t fa s ten e d , i t  is re ad y  fo r ra m m in g  ro u n d  w ith  
b lack  san d  u p  to  th e  to p  p la te . I t  w ill be seen 
fro m  F ig . 5 t h a t  th is  job c a n n o t be  c a s t  on to p  
o r in  th e  p i t  w ith o u t ram m in g , as th e re  a re  no 
p ro d s o n  th e  p la te s . W h en  th is  is done, th e
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m o u ld er m u s t m ake  up th e  g a te s  on th e  to p  p la te , 
a f te r  w hich  i t  is re a d y  for cas tin g .

T he n e x t  job  is l ib e ra t in g  th e  c a s tin g , by  ta k in g  
o u t  som e of th e  in side  b rick s . T h is m u s t be done 
a b o u t one h o u r  a f te r  c a s tin g .

MAKING A DYE GIG IN SKIN-DRIED SAND.
M a k in g  th e  sam e jo b  in  a  sk in  d r ie d  m ou ld , w ith  

th e  sam e p a t t e r n ,  b u t  w ith  th e  g ap s  filled in  w ith  
p la in  wood, i t  w ill be  n o tic e d  th e r e  is v e ry  l i t t le  
d ifference in  th e  p a tte rn -m a k in g .

A f te r  d ig g in g  a  hole in  th e  fo u n d ry  floor la rg e  
en o u g h  to  ta k e  th e  job , th e  m o u ld e r f irs t m ak es  
a su ita b le  c in d e r  bed , th e n  he  levels a  sa n d  bed

F i g . 5 .— W h e n  M a d e  i n  L o a m  i t  i s  
M o u l d e d  a s  S h o w n , b u t  w h e n  M a d e  
i n  D r i e d  S a n d  t h e  J ob i s  I n v e r t e d .

on th e  c in d e rs . T h e  p a t t e r n  is th e n  p laced  dow n
w ard s on  th e  b ed  fe e t, th e  to p  o f th e  p a t t e r n  
com ing  level w ith  th e  fo u n d ry  floor. H a v in g  m ad e  
a g r id  w ith  p ro d si one fo o t long  a tta c h e d , i t  is 
p laced  in s id e  th e  p a t t e r n  w ith  th e  p ro d s  dow n
w ards. The m o u ld er com m ences to  ra m  u p , in sid e  
a n d  o u t, to  th e  to p  o f th e  g r id , h a v in g  p u t  suffi
c ie n t  p a ck in g  on th e  g r id  to  m ee t th e  box b a rs , 
an d  b o lts  to  copie th ro u g h  th e  b a rs  fo r  f a s te n in g  
th e  g r id .

The m o u ld  is v e n te d  dow n to  th e  c in d e r  bed all 
ro u n d  th e  o u ts id e ;  th e  g a te s  a re  p laced  in  a t  one 
en d —one o n  b o th  sides th e  th ic k n e ss  o f  th e  m eta l 
th re e  inches deep. T he n p -g a te s  a re  bu sh ed  ro u n d  
all th e  w ay up.



H a v in g  iro n ed  an d  ram m ed  u p  to  th e  to p  of 
p a t te rn ,  th e  m o u ld er m akes th e  jo in t  an d  p u ts  011 
th e  to p  box. A f te r  th is  is ram m ed  u p , th e  bolts 
fro m  th e  g r id  a re  screw ed up , th e  to p  lif te d  off, 
a sc e r ta in in g  th a t  i t  is well s ta k ed  th re e  fe e t above 
th e  box. T h is  is m ost im p o r ta n t,  as a  good g u id e  
is re q u ire d . T he m o u ld er can  th e n  d ra w  th e  
p a t t e rn ,  finish th e  m ould  to p  an d  b o ttom , w et 
b lack , a n d  d ry  w ith  b u c k e t fires. The to p  is h u n g  
ov er th e  b o tto m , a n d  le f t  suspended  fro m  th e  
c ra n e  o v e r-n ig h t.

N e x t m o rn in g  th e  c in d e rs  a re  c leaned  o u t ;  th e  
to p  is t r ie d  on, p a y in g  spec ia l a t te n tio n  to  th e  
fe e t a n d  th ick n ess . T he g a te s  an d  th e  m ould  a re  
m ade  u p  w eig h ted , a f te r  w hich i t  is re a d y  fo r th e  
m eta l. A f te r  c a s tin g  th e  b o lts  a re  l ib e ra te d  and  
th e  to p  box rem oved  a n d  th e  g r id  ta k e n  o u t.

MAKING A DYE GIG IN GREEN SAND.
I t  som etim es h a p p en s  t h a t  th re e  d iffe re n t sizes 

o f th is  c a s tin g  a re  b e in g  m ade  sim ultaneously . 
They a re  m ad e  on th e  b a th  p rin c ip le . In  a  jo b 
b in g  fo u n d ry , a  sp ec ia l box c an n o t be used  for 
ev ery  job , so e ach  g ig  is m ade in  th e  floor, and  
th e  m ould  is sk in  d r ie d  as s ta te d . T he m ak in g  
of a  dye g ig  in  g re en  san d  in  a  box, how ever, 
p re se n ts  sev e ra l in te re s t in g  p o in ts .

T he b o tto m  p a r t  is a  fu ll box w ith  tw o fla ts , one 
a t  each  e n d , ab o u t 3 in s. w ide. T hese  tw o fla ts  
slide u p  th e  en d  p la te s  of th e  m idd le  box p a r t  in 
a  g rove as show n in  F ig . 6. T he m idd le  box in co r
p o ra te s  tw o  en d  p la te s  a n d  tw o  p e r fo ra te d  side 
p la te s  w ith  b a rs  w hich reach  w ith in  j  in . of th e  
p a t te rn .

T he c a s tin g  is m ad e  fro m  a  wood p a t t e r n  w ith  
loose b o a rd s fo r  th e  c irc le  to p  o f th e  p a t te rn .  I t  
is m oulded  by p lac in g  th e  b o tto m  box on th e  fo u n 
d ry  floor— p ro p e rly  levelled— th e n  a  3 -in . lay e r of 
c in d e rs  is  p u t  in  th e  b o tto m  box, w hich  is ram m ed  
w ith  b lack  san d  to  th e  jo in t  o f th e  b o tto m  box. 
T he p a t t e rn  is p laced  in  p o sitio n , an d  th e  o u tsid e  
jo in t  is  d u s te d  w ith  p a r tin g -sa n d . A f te r  p lac in g  
on th e  m idd le  box, i t  is p a r t- ra m m e d , w h ils t a t  th e  
sam e tim e  th e  in sid e  o f p a t te rn  is also ram m ed . 
A fte r  re ac h in g  th e  to p  an d  a f te r  h a v in g  ven ted  
to  th e  c in d e rs  in th e  core, th e  loose b o a rd s th a t  
fo rm  th e  c irc le  of p a t te rn ,  is p laced  on ; th e n  th e
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top  jo in t  o f  th e  m idd le  box is m ad e , d u s te d  w ith  
p a r tin g -sa n d , a n d  th e  to p  box is p u t  in  p o sitio n , 
in se r tin g  tw o  row s o f sp ikes— six  in  a  row —fo r  
g i ts .  T he fo u r  fe e t, tw o a t  each  en d , a re  p laced  
in  p o sitio n , a n d  th e  to p  box is  ra m m ed  up .

F i g . 6 .— -Sh o w i n g  t h e  M o u l d in g  o f  a 
C a s t in g  i n  a B o x .

The to p  box, be in g  rem oved , i t  is p laced  on  fo u r 
b ricks. T h e  m idd le  box can  now  b e  rem oved , a n d  
i t  m u st be p u t  on -four p ro p s to  en ab le  th e  m o u ld er
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to  w ork  on  i ts  in side . A f te r  re p la c in g  th e  to p  
box on  to  th e  m idd le , i t  is  e s se n tia l  to  go in sid e  
a n d  m ak e  good th e  jo in t  o f th e  top  box and  
m idd le , a n d  to  see t h a t  th e  g i ts  a re  all c le a r , an d  
th e  fo u r  fe e t  a re  o u t .  B lac k in g  c a n n o t he done 
a t  th is  p a r t  o f th e  m ould .

R e tu rn in g  to  th e  p a t te rn ,  th e  loose h o a rd s a re  
ta k e n  off th e  p a t t e r n ,  w ith d raw n , a n d  th e  co re  or 
bo tto m  p a r t  o f m ould  fin ished. As l i t t le  slak in g  
as possible is adv isab le , a n d  i t  is p re fe ra b le  to  
d u s t w ith  a sm all q u a n ti ty  of b e st p lum bago , as 
th e re  is o n ly  f  in . th ick n ess  o f m e ta l. T he m ould 
is now  re a d y  fo r th e  to p  a n d  m iddle  to g e th e r. I t  
is  h e re  w here  th e  tw o fla ts  o r gu ide-p ieces gu ide 
th e  box u n t il  i t  re ach es  th e  p in s  in  th e  b o tto m  box. 
E v e ry th in g  b e in g  com plete, all th a t ,  is  re q u ire d  
now  is to  c o tte r  u p  a n d  m ake up  th e  ru n n e rs . I f  
th is  m eth o d  is  s tr ic t ly  follow ed th is  should  be  a 
good cas tin g .
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Birmingham and East Midland 
Branches.

PIG-IRON: ITS CHARACTERISTICS AND USES.

By H. Field, Member.

The fo llow ing P a p e r  h a s  n e i th e r  been  w r i t te n  as 
a  t r e a t i s e  on  p ig  a n d  c a s t  iro n , n o r  as a  th e s is  on  
m ic ro s tru c tu re  a n d  m a c ro s tru c tu re , n o r  a  de fen ce  
o r  d e s tru c tio n  o f in h e re n t  p ro p e rtie s , n o r even  y e t 
as a  c r it ic a l  co m p ariso n  b e tw een  th e  v a lu e  of 
an a ly s is  an d  f r a c tu r e  b u t  sim ply  a n d  solely because  
th e  w ord  “ i r o n ”  s ti ll  conveys to  m an y  fo u n d ry -  
m en o n ly  as m uch  d is t in c t iv e  in fo rm a tio n  as does 
th e  use  o f th e  w ord  “ s tu ff ” w hen  a p p lie d  to  t h a t  
w ide ra n g e  o f m a te r ia ls  w hich  th e  f a i r , s e x  so 
d e f tly  a n d  effectively  a d a p t  to  th e i r  a d o rn m e n t. 
To m an y  who d a ily  h a n d le  th e  f e r ro u s  m eta ls , all 
w hich  is n o t  w h ite  as a lu m in iu m , o r  re d  as co p p er, 
is iro n  a n d  iro n  on ly . B e h in d  th e m  lies a n o th e r  
class to  whom th e  use  of th e  w ord  m ay  c o n ju re  u p  
v isions of s teel, w ro u g h t iro n , m alleab le  iro n  o r 
c a s t  iro n , b u t  to  th e  in te l l ig e n t  fo u n d ry m a n  i t  
p re se n ts  a h u n d re d  p o ss ib ilitie s  a n d  iro n  to  h im  
is a n y th in g  b u t  iro n  un less i t  is th e  o ne  p a r t ic u la r  
b ra n d , f r a c tu re ,  an a ly s is , s t r e n g th  a n d  f lu id i ty  
w hich he desires.

T he o b jec t o f  th is  P a p e r ,  th e n , is to  h e lp  any  
fo u n d ry  w o rk e r who, d a ily  seek in g  a n d  p e rh a p s  
h a n d lin g  to n s  o f  p ig  o r  c a s t  iro n , s t i ll  lacks know 
ledge o r im a g in a tio n  to  u n d e r s ta n d  w hy (over a n d  
above th e  reaso n s o f t r a d e  c o m p e titio n ) th e re  a re  
“ b ra n d s  ’ ’ o f iro n , w hy one b ra n d  is p re fe r re d  
to  a n o th e r , w hy p ig - iro n  shou ld  be c a r r ie d  th e  
len g th  an d  b re a d th  of th e  coun try ', a n d  la s tly  why 
v a rio u s  c a s tin g s  a ro u n d  h im  in  th e , fo u n d ry  a re  
c a s t fro m  d iffe re n t m ix tu re s . T he “  s a v a n ts  ”  
w ill p lease  rem em b er t h a t  th is  is a n  e le m e n ta ry  
P a p e r , a n d  be to le r a n t  acco rd in g ly .

I n  co n sid e rin g  th e  lo ca tio n  of v a r io u s  in d u s 
tr ie s  th ro u g h o u t th e  c o u n try , i t  is a p p a r e n t  t h a t  
some h av e  sp ru n g  u p  in  a  d is t r ic t  becau se  of local 
needs fo r th e ir  p a r t ic u la r  p ro d u c ts , w h ils t th e  
in te re s ts  of o th e rs  a r e  v ita lly  b o u n d  u p
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w ith  im p o rts  o r  ex p o rts . T he sc a tte re d  
n a tu r e  o f th e  iro n  m ak in g  in d u s try  is 
due  to  N a tu r e ’s a b u n d a n t  b u t  w id esp read  p ro 
v ision  o f tw o e sse n tia l raw  m a te ria ls— iro n  ore  
a n d  coal. W h erev er to -d ay  th e re  a re  b la s t  f u r 
naces, i t  m ay  be ta k e n  fo r  g ra n te d  th a t  there
o rig in a lly  w as fo u n d  e ith e r  one o r th e  o th e r  of
th ese , a n d  in  fa c t o f te n  b o th  o f th em . Som e of
th e  o re  fields a re  m ore o r less ex h au sted -—th e
S o u th  S ta ffo rd sh ire  iro n  m ak in g  d is t r ic t  b e in g  an  
exam ple . T he d ire c t  use of coal no lon g er o b ta in s , 
h a v in g  g iv en  p lace  to  coke, th e  m a n u fa c tu re  of

---------------  /v/fi/vcA/^jrsr------
F i g . 1 .— T h e  A v e r a g e  M a n g a n e s e  c o m b in e d  P h o s 

p h o r u s  C o n t e n t  o f  B r i t i s h  F o u n d r y  P i g - 
I r o n s .

which b e in g  scarcely  so w id esp read  as th e  o rig in a l 
d is tr ib u tio n  o f coal, hence we find in  m an y  cases 
to -d ay  fueL b e in g  t ra n s p o r te d  long d is tan c es  fo r  
sm e ltin g  pu rp o ses. T h ere fo re  th e re  a re  a  few  
in s tan ces  w here  n e ith e r  fu e l n o r o re  a re  now  fo u n d  
on th e  sp o t, a n d  m an y  m ore  w here  on ly  e ith e r  one 
o r  th e  o th e r  rem a in s . T he fo rm er class a re  
s tru g g lin g  fo r  ex is ten ce  a g a in s t a sealed  doom, 
th e  l a t t e r  a re  w ork in g  u n d e r  a heav y  d isab ility . 
I t  m ay  be t h a t  in th e  f u tu r e  new  c en tre s  will 
develop, e.g ., th e  m in in g  o f coal in  K e n t m ay 
en ab le  o re  to  be im p o rte d  from  F ra n c e .

The p r in c ip a l o re  fields of th e  U n ited  K ingdom  
are  now  C leveland, whose fam o u s iro n sto n e  yields 
o n ly  a b o u t 30 p e r  cen t, i r o n ; S co ttish  B lack b an d  
w ith  a  s im ila r  iro n  c o n te n t, b u t, as i ts  n am e  de
n o tes , h ig h  in  o rg a n ic  m a t t e r : N o rth a m p to n 
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sh ire  a n d  su rro u n d in g  co u n tie s  p ro v id in g  brow n 
h e m a tite  w ith  45 p e r  c en t, i ro n ;  C u m b erla n d  and  
F o re s t  o f D ean , re d  h e m a tite s  w ith  a v a lu ab le  iron  
c o n te n t  re a c h in g  to  65 p e r  c e n t . ; a n d  S ta ffo rd 
sh ire , w ith  a  35 p e r  c en t, c lav -ifo n s to n e  in  th e  
S o u th , a n d  a  h ig h  m an g an ese  b lac k b an d  in  th e  
N o r th , b o th  b e in g  in  re la tiv e ly  sm all q u a n ti ty .  In  
a d d itio n  to  th e se , im p o rte d  ores a re  m ore o r  less 
la rg e ly  used , b u t  n o t  in  th e  p ro d u c tio n  of f o u n 
d ry  iro n s, a n d  no f u r th e r  m en tio n  o f th e m  is 
needed .

Valua of Ores.
As w ill be  seen la t e r  th e  a m o u n t o f iro n  in  a n  

iro n  o re  is n o t  th e  o n ly  im p o r ta n t  f e a tu r e  any  
m ore th a n  th e  a c tu a l  a m o u n t of iro n  in  p ig -iro n  
is a  c r ite r io n  of i ts  v a lu e  o r  p ro p e rt ie s . A lth o u g h  
i t  is o f f irs t im p o rta n c e  t h a t  th e  o re  shou ld  con
ta in  suffic ien t iro n  to  m ake  i ts  e x tr a c t io n  p ro f it
ab le , th e re  a re  n e v e r th e le ss  r ic h  iro n -b e a r in g  
m a te r ia ls— such  as iro n  su lp h id e  o r  “  B lue  
B illy  ” — in  w hich th e  im p u r i t ie s  a re  such, b o th  in  
q u a lity  a n d  q u a n ti ty ,  as to  re n d e r  th em  useless 
fo r sm e ltin g  p u rp o ses. I t  is th e re fo re  im p o r ta n t  
to  n o tice  th e  h ig h  m an g an ese  in  S ta ffo rd sh ire  
b lack b an d  a n d  th e  g ra d u a l  in c rease  o f p h o sp h o ric  
ox ide  in  p a ss in g  from  h e m a tite  on to  S co tch  and  
S ta ffo rd sh ire  o res, a n d  th e n  to  C lev e lan d  an d  
N o r th a m p to n sh ire  o res. I t  is also im p o r ta n t  to  
b e a r  in  m in d  t h a t  a lth o u g h  th e  com bined m o is tu re  
m ay  b e  d r iv e n  off fro m  b ro w n  h e m a ti te  a n d  th e  
o rg a n ic  m a t te r  from  b lack b an d , th e re  is no m eth o d  
of rem o v in g  ph o sp h o ric  o x id e  fro m  a n y  iro n 'o re .

Distribution of Blast Furnaces.
The b la s t fu rn a c e s  o f  th e  U n ite d  K in g d o m  are  

eq u ally  w id esp read , a n d  th e i r  m a in  d is t r ib u t io n  is 
show n from  T able  I  com piled  fro m  th e  v e ry  u sefu l 
sh ee t issued q u a r te r ly  by T h e  F o u n d r y  T r a d e  
J o u r n a l . A la rg e  a m o u n t of th e  iro n  m ade  fro m  
th ese  fu rn ac e s  goes to  th e  s teelw orks, a n d  so is 
n o t im p o r ta n t  to  th e  fo u n d e r, p ra c t ic a lly  th e  whole 
o f th e  S o u th  W ales a n d  L a n c a sh ire  o u tp u ts  b e in g  
th u s  acco u n ted  fo r. As is well know n, th e  ch ief 
fo u n d ry  iro n  c e n tre s  a re  S co tlan d , C leve land , 
D e rb y sh ire , N o r th a m p to n sh ire , a n d  th e  lesser ones 
L in co ln sh ire , N o tts  a n d  L e ice s te r , N o r th  and  
S o u th  S taffs. Of m in o r im p o rta n ce  a re  th e  S h ro p 
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sh ire  fu rn ac e s , w h ils t w h ite  h e m a tite ’ p ig  fo r 
m alleab le  w ork  comes from  th e  N o r th -E a s t  and 
N o rth -W e st C oast. An ex p erien ced  p ra c tic a l m an  
know s t h a t  ev ery  one o f th e  classes o r  “ b ra n d s  ”

T a b l e  I .— Distribution of the Blast Furnaces of the United 
Kingdom. .

Sej>t. 30th, 1923.

Area.
Built. In

blast.

Foundry 
and 

forge iron.

Scotland 102 44 33
Derbyshire . .  . .  ' 43 23 23
Cleveland D istrict 74 32 16
Northam ptonshire 21 9 8
South-W est Yorkshire 17 8 6
Notts, Leicester 8 5 5
N orth Staffs. 20 11 4
South Staffs. 30 10 3
Shropshire 6 2 2
Durham, Northum berland 40 14 —
South Wales, Monmouth . . 36 10 —
Lancashire 30 14 _
Lincolnshire 23 18 _ '
W est Cumberland 30 11 _
N orth Wales 4 3 _
Gloucester, Somerset, 

W iltshire . . 2 — —

486 214 100

m en tio n ed  h as i ts  v a luab le  fe a tu re s , e ith e r  in  p rice  
o r  q u a lity , a n d  a  su rv ey  o f ty p ic a l analyses would 
confirm  h is  ju d g m e n t. Of course, th e  d is tr ic ts  
show n a re  sub -d iv ided  in to  m an y  w orks o r g ro u p s 
o f fu rn ac e s , e .g ., N o rth a m p to n sh ire  w ith  C ransley , 
Is lip , B u tlin , L loyds, K e t te r in g , R ix o n ; an d  
D erb y sh ire  w ith  S ta n to n , B u tte r le y , C lay Cross, 
D enby, A w sw orth , Sheepbridge , an d  S taveley . 
O ne o r o th e r  of th ese  m ay  be p re fe r re d  by v a rio u s 
u sers, b u t  each field h a s  n ev erth e le ss  its  b ro ad ly  
c o n s ta n t  y e t  p e cu lia r  p ro d u c t.

T he v a rio u s  “  b ra n d s  ” n am ed  above v a ry  
w idely b o th  in  an a ly sis  an d  in  physical p ro p e rtie s . 
N o rth a m p to n sh ire  iro n  is w eak, b u t  v e ry  fluid
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a n d  ad m irab ly  su ite d  fo r  l ig h t  a n d  o rn a m e n ta l  
w o rk ; C lev e lan d  a n d  S o u th  S ta ffs  com m on iro n  a re  
a l i t t le  h ig h e r  u p  th e  sca le ; N o tts  an d  D erb y sh ire  
g ive an  iro n  m o d era te ly  s tro n g  a n d  a d m irab ly  
su ite d  fo r  m ac h in e ry  w o rk ; Sco tch  iro n  is  s t i ll  
s tro n g e r , b u t  i t  is fo u n d  t h a t  f lu id ity  h a s  g iv en  
p lace  to  s tre n g th ,  in  fa c t  to  such  a n  e x te n t  t h a t  
th e  «Scotch m ak e rs  o f l ig h t  c a s tin g s  use  iro n  fro m  
C leveland  a n d  even  N o rth a m p to n sh ire  in  p r e fe r 
ence to  th e i r  hom e p ro d u c t. S tr e n g th  a n d  flu id ity  
a re  n o t com m only fo u n d  in  th e  sam e p ig  iro n .

I n  a d d itio n  to  th ese  w ide c lasses th e r e  a re  on  
th e  m a rk e t  a n u m b e r o f “  sp ec ia l ”  iro n s , o ften  
h ig h ly  recom m ended  fo r  c y lin d e r a n d  o th e r  h ig h - 
p re ssu re  w ork . Som e of th ese  a re  m ad e  by a d m ix 
tu r e  o f h ig h -class o res, some by a  re fin in g  process 
in  o p e n -h e a r th  fu rn a c e s , a n d  som e by  m e ltin g  
s tee l w ith  p ig  iro n  in  e i th e r  c u p o la  o r  o p e n -h e a r th  
fu rn a c e . E x am p les  of th e se  a re  th e  S o u th  S ta ffs  
iro n s  “ T i t a n ,”  “  C ap p o n fie ld ,”  “  1 X .L .,”  e tc . 
A gain  beyond  th ese  th e re  a re  th e  co ld -b las t irons, 
such as Low m oor an d  L ille sh a ll, w h ich  a re  
renow ned  fo r  a  s t r e n g th  b e g o tte n  by  p u r i ty  
th ro u g h  th e  cold b la s t  u sed . T ab le  I I  shows 
d e ta ils  o f m o d ern  S o u th  S ta ffo rd sh ire  p ra c t ic e  fo r  
w hich th e  a u th o r  is in d e b te d  to  a n  anonym ous 
f r ie n d .

These iro n s h av e  one q u a lity  in  com m on— h ig h  
p rice— a n d  co n sid e rab le  d isc re tio n  is re q u ire d  in  
p u rc h as in g , fo r  th e re  a re  iro n s  ro u n d  a b o u t us 
w hich a re  b e in g  a d v e rtis e d  as “  S p ec ia l ”  b u t  
w hich  possess no  v ir tu e s  w o rth y  o f th e  n a m e . I t  
is v e ry  easy  fo r  th e  fo u n d e r  to  grow  in to  a  h a b it  
o f c a llin g  fo r  spec ia l iro n s  th in k in g  t h a t  th e y  will 
solve a ll h is  tro u b le s , b u t  th is  ra re ly  h a p p e n s .

The Movements of Constituent Elements.
T he v a rio u s  e lem en ts  w h ich  to g e th e r  m ak e  up  

th e  com plex p ro d u c t  know n  as p ig  iro n  a re  d e riv e d  
from  th e  o re  by  re d u c tio n , o r  f ro m  th e  coke by 
ab so rp tio n , d u r in g  sm e ltin g  in  th e  b la s t  fu rn a c e . 
P h o sp h o ru s  is  m a in ly  d e riv e d  from  calc iu m  p h o s
p h a te  in  th e  o re , silicon a n d  m an g a n ese  fro m  th e i r  
re sp ec tiv e  ox ides, su lp h u r  m ain ly  f ro m  th e  coke, 
and  ca rb o n  w holly th e re f ro m . T he law s g o v e rn 
ing  th e  t r a n s f e r  o f th e se  e lem en ts  in to  th e  p ig  a re  
n o t th e  sam e in  ev ery  case . O nly a  sm all f r a c t io n  
o f th e  s ilica  in  th e  o re  is  re d u ce d  to  silicon , th e
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p ro p o rtio n  b e in g  g re a te r  in  h o t w ork in g  fu rn a c e s ; 
a n d  only o n e -tw e n tie th  o r th e re a b o u ts  of th e  to ta l  
s u lp h u r  passes fro m  coke to  iro n . On th e  o th e r  
h a n d , m an g an ese  passes a lm ost e n tire ly  in to  th e  
iro n , th e  loss be in g  g re a te r  w ith  sm all p e r 
c en tag es . P h o sp h o ru s, too , is  t r a n s fe r re d  even 
m ore com ple te ly  from  o re  to  iro n , th e  on ly  excep
t io n s  to  th is  ru le  b e in g  w hen  th e  slag  is  exces
sively r ic h  in  fe rro u s  ox ide  o r w hen th e re  is over 
3 p e r  c en t, phosp h o ru s in  th e  o re . The fo rm er

T a b l e  I I .—Raw, Natural and Finished Product of South 
Staffs. Pig Iron.

South Staffs. 
Clay 

Ironstone.

South Staffs. Pig Iron.

Warm
Blast.

Cold
Blast.

FeO 45 to  50 Silicon 1.0 0.7
CO., 30 Sulphur 0.10 0.12
SiO, 10 Phosphorus 0.40 0.45
Al,Os 5 Manganese 0.65 0.80
P.,0 , 0.4 Total Carbon 3.3 3.0

ex ce p tio n  is an  u n d e sirab le  one, ow ing  to  th e  
effect on  fu rn a c e  lin in g , an d  th e  l a t t e r  is an  
u n u su a l one, as v e ry  few  o res c o n ta in  o ver 1 p e r  
cen t, phosphorus. I t  is  u n fo r tu n a te  t h a t  so s te rn  
a law  governs th e  re d u c tio n  of phosphorus, fo r  i t  
would be g re a tly  ad v an tag eo u s  if  low -phosphorus 
iro n  could be p ro d u ced  from  phosphoric  o res, an d  
w ould ra ise  co n siderab ly  th e  v a lu e  of m uch  of 
B r i t ish  o re  supply . The t r u th  o f th is  s ta te m e n t 
w ith  r e g a rd  to  p h o sp h o ru s is seen by a  su rv ey  of 
th e  a m o u n t of th is  e lem en t in  v a rio u s  N o rth a m p 
to n sh ire  irons, w hen o ne  is s tru c k  by th e  small 
v a r ia tio n  fo u n d .

How Carbon Enters Pig-Iron.
W ith  re g a rd  to  carb o n , th is  e lem en t is derived  

fro m  th e  coke, n o t  d irec tly , b u t  th ro u g h  th e  
decom position  o f carb o n  m onoxide, and  som etim es 
carb o n  d iox ide , w hereby  carb o n  is d eposited  on 
th e  spongy iro n  a n d  passes dow n in to  th e  h e a r th .  
T h e re  is l i t t le  o r  no  d ire c t co n tro l ov er th e  a m o u n t 
of ca rb o n  in  th e  final p ig . a lth o u g h  th is  is lim ited  
by th e  a m o u n t o f o th e r  e lem en ts p re se n t, by f u r 
nace  te m p e ra tu re s  a n d  by o th e r  cond itio n s, such
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as size of o re , r a te  of descen t, e tc . G en era lly  h o t 
w ork in g  increases ca rb o n  so t h a t  siliceous iro n s  
a re  h ig h e r  in  ca rb o n  th a n  w h ite  o r  m o ttle d  iro n s, 
a n d  co ld -b las t iro n  is low in  c a rb o n . C a rb o n  is 
also u su a lly  h ig h e r  in  low -phospliorus iro n s , so 
t h a t  N o rth a m p to n s  a re  low er th a n  h e m a tite s , th e  
h ig h  c a rb o n  in  th e  l a t t e r  b e in g  a  d ra w b ac k  to  
th e ir  use.

Virtues and Drawbacks of Hematite Iron.
M a n y  fo u n d ry m en  believe t h a t  h e m a t ite  is th e  

m ost v a lu a b le  iro n  in  th e  fo u n d ry  w h ere  h ig h - 
class cas tin g s  a re  co n cern ed . T he o n ly  f a c t  w hich 
can  be ad d u ced  to  su p p o r t  such  a  b e lie f is t h a t  
th is  iro n  is ve ry  low in  p h o sp h o ru s  a n d  su lp h u r— 
n o t only  v e ry  low, b u t  re liab ly  low— a n d  fa ir ly  
h ig h  in  m an g an ese . I t  h a s  no o th e r  v ir tu e s , 
how ever, a n d  h as th is  co n sid erab le  d raw b ack , t h a t  
i t  is  n o t m ad e  fo r  th e  fo u n d ry  b u t  fo r  th e  s te e l
m ak e r, a n d  he does n o t  m in d  w h a t th e  c a rb o n  is 
so long  as su lp h u r  a n d  p h o sp h o ru s  a re  u n d e r  0.04 
p e r  cen t.

I t  is fu r th e rm o re  be lieved  t h a t  th e se  fu rn a c e  
co n d itio n s in fluence  n o t  on ly  th e  a m o u n t o f  carbon  
b u t  also th e  s t r u c tu r a l  o r  p h y sica l p ro p e r t ie s  of 
th e  d ep o sited  g ra p h ite ,  w hich, if  c o rre c t,  w ould 
he lp  to  a cco u n t fo r som e o f th e  a p p a r e n t  v a g a r ie s  
o f iro n s of s im ila r  an aly sis.

T a b l e  I I I .— Phosphorus-classification of Pig Irons.

Non Medium High
Phosphoric. Phosphorus. Phosphorus.

Hem atites from Scotch Cleveland.
E ast and West South Staffs. Specials: South Staffs.

Coasts, 1 X L N ortham pton
Forest of Dean. T itan , e tc . : shire.

Most cold blast iron
N otts., Derby and

Leicester,
Lincolnshire.

The d ifferences n o ticeab le  a m o n g s t v a rio u s  
b ra n d s  of p ig -iro n  a re  th e re fo re  d ue  firs tly  to  th e  
use of d iffe re n t k in d s  o f o re , an d  secondly  to  th e  
d iverse  co n d itio n s o b ta in in g  w ith in  th e  fu rn a c e . 
These l a t t e r  a re  a g a in  d iv is ib le  in to  (a) v a r ia 
tio n s  w ith in  one fu rn a c e  from  tim e  to  tim e , th is
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p ro d u c in g  d ifferences in  one b ra n d  of p ig , such as 
those  a lre ad y  r e fe r re d  to  u n d e r  silicon and 
c a rb o n — a n d  (6) in te n tio n a l  v a r ia tio n s  in  p ra c tic e  
be tw een  o ne  fu rn a c e  an d  a n o th e r  p ro d u c in g  know n 
d ifferences in  th e  re sp ec tiv e  irons. I n  sp ite  o f all 
th ese  v a r ia tio n s  a r is in g  from  m an y  causes, th e re  
m ay  s ti ll  re m a in  som e c o n s ta n t  fe a tu re  a tta c h e d  to 
ev ery  fu rn ac e , an d  i t  is on ly  by becom ing 
a c q u a in te d  w ith  th is  d e te rm in in g  e lem en t t h a t  th e  
fo u n d ry m an  can  re ad ily  a p p re c ia te  th e  re la tio n  
be tw een  th e  v a rio u s  p ig -iro n s of th e  co u n try .

O w ing to  th e  u n c e r ta in ty  in  th e  re d u c tio n  of 
silicon a n d  i ts  w ide v a r ia tio n  in  one fu rn a c e  over 
even  sm all in te rv a ls  of tim e , i t  is im possible to  
c lassify  th e  v a rio u s  iro n -p ro d u c in g  a re a s  of th e  
c o u n try  acco rd in g  to  silicon  c o n te n t  in  th e ir  
p ro d u c t. N e ith e r  can  carb o n  be ad o p te d  fo r  th is  
pu rp o se , fo r i t  is even  m ore beyond  con tro l. 
C lassifica tion  c a n  o n ly  be  m ade by ta k in g  as a 
basis a n  e lem en t w hich v a rie s  b u t  l i t t le  o ver a 
long p e rio d , an d  i t  has been  shown t h a t  phos
p h o ru s  a lone com es d e fin ite ly  u n d e r  th is  ca teg o ry  
an d  m an g an ese  to  a  less e x te n t .  I t  th e re fo re  
becom es cu s to m ary  to  d iv id e  th e  fu rn ac e s  acco rd 
in g  to  th e  a v erag e  p h o sp h o ru s c o n te n t o f th e ir  
iro n , which is d e p e n d e n t u p o n  th e  o re  sm elted , 
th e  whole of th e  p h o sphorus passing  in to  th e  iron  
(T able  I I I ) .

Characteristics of Pig-Irons.

E x am in ed  a n a ly tic a lly  th e  c h a ra c te ris tic s  of th e  
p r in c ip a l fo u n d ry  iro n s a re  as fo llow s: —

N o r th  S ta ffs —  T his is th e  h ig h es t m an g an ese  
iron  in th e  c o u n try , and  is com bined w ith  r a th e r  
h igh  phosp h o ru s (0.9 to  1.2 p e r  cen t.) .

S co tch  M an g an ese  fa ir ly  h igh  and  phosphorus
low (0.6 p e r  c en t.) .

N o tts , D erb y  and  L e icester . — M anganese  
m ed iu m  (rea c h in g  to  1 p e r  cen t, in some c a ses); 
phosp h o ru s m edium  (0.7 to  1.2 p e r  cen t.) .

C levela n d .— M anganese  lower (0.5 p e r cen t.)  and 
h igh  phosp h o ru s (1.3 p e r  cen t.) .

N o r th a m p to n .— Low m anganese  (0.3 p e r  cen t.) 
an d  h igh  phosp h o ru s (1.5 p e r  cen t.) .

Cold B la s t .— Low silicon and  carbon : m an g an ese  
and  phosp h o ru s low to  m e d iu m ; su lp h u r o ften  
h ig h .
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H e m a t i te .— H ig h  c a rb o n  a n d  m an g a n ese  w ith  
very  low phosphorus.

The m a t te r s  so f a r  co n sid ered  h a v e  been  th ose  
re la te d  to  an a ly sis , b u t  th e se  c an  o n ly  be of 
in te re s t  to  th e  fo u n d ry m a n  so long  as th e y  have  
an y  p ra c t ic a l  b e a r in g  u p o n  h is  w ork . S p e a k in g  
b ro ad ly , i t  m ay be co n fiden tly  sa id  t h a t  th e  p h y s i
cal p ro p e r t ie s  o f iro n  a re  r e la te d  to , a n d  d e p e n d e n t 
on , th e  chem ica l an a ly sis , a lth o u g h  th e r e  is  m uch 
w hich a t  p re se n t  an a ly s is  does n o t  e x p la in . The 
w ell-know n c h a ra c te r is tic s  of v a r io u s  b ra n d s  of 
iro n  a re  d ue  to  th e  p resen ce  o r absence  o f on e  o r 
a n o th e r  of th e  e lem en ts  u su a lly  a sso c ia ted  th e r e 
w ith , an d  as h a s  a lre a d y  been  seen w h a t th e se  ele
m en ts  a re , how  th e y  come to  be in  th e  iro n , an d  
how  m uch  th e y  a re  lik e ly  to  v a ry , on e  c an  now 
p ro ceed  to  s ta te  fo r  w h a t  p ro p e r ty  each  e le m en t 
is re sp o n sib le . On th e  b asis  o f o u r  g e n e ra l know 
ledge o f th e  an a ly ses from  v a r io u s  d is t r ic ts ,  o ne  
can  fo rm  a  p lan  of th e  lik e ly  p ro p e r t ie s  a n d  so 
le a rn  how to  se lect a  su ita b le  d is t r ic t  a cco rd in g  
to  th e  p ro p e r t ie s  re q u ire d  in  th e  fin ish ed  c a s tin g .

Influence of Phosphorus on Pig Iron.

P h o sp h o ru s  is n o t  th e  m ost im p o r ta n t  e le m en t in 
iro n  b u t  i t  is th e  m ost d e p en d ab le , a n d  i t  w ill 
th e re fo re  be well to  f irs t see fo r  w h a t i t  m ay  be 
he ld  resp o n sib le . Som e w o rk ers  h av e  so u g h t to  
show t h a t  th is  e lem en t h as a d ire c t  e ffect on 
c a rb o n  co n d itio n , c au s in g  th e  l a t t e r  to  be  r e ta in e d  
in  th e  com bined fo rm  a n d  so g iv in g  h a rd n ess . 
T he a u th o r  is  w o rk in g  c o n tin u o u s ly  w ith  th e  very  
l ig h te s t  of c a s tin g s  m ad e  in  iro n  w ith  1.50 p e r  
c en t, phosp h o ru s , a n d  a f te r  e x p e r im e n t a n d  com 
p a riso n  w ith  low er p h o sp h o ru s iro n s , c a n n o t a g ree  
t h a t  th e  h ig h e r  p h o sp h o ru s causes h a rd e r  m e ta l. 
I t  is, in  fa c t ,  possible to  m ak e  sev era l th o u sa n d s  
o f to n s  p e r  an n u m  of l ig h t  c a s tin g s  w ith  1.50 p e r  
cen t, phosp h o ru s , a n d  to  g iv e  a lm o st u n iv e rsa l 
sa tis fa c tio n  to  th e  m ac h in is ts , a  re co rd  on w hich 
no com m ent is n eeded . P ossib ly  w ith  v e rv  low- 
silicon iro n s p h o sp h o ru s h e ig h te n s  o r  a p p e a rs  to  
h e ig h te n  th e  effect of th is  low silicon . B eyond 
th e  f a c t  o f i ts  c o m p a ra tiv e ly  low p ric e , hio-h- 
ph osphorus iro n  is used  in th ese  l ig h t c a s tin g s  
because of i ts  g r e a t  f lu id ity  a n d  i ts  ex p an s io n  on 
so lid ification . F lu id i ty  is a n  in d isp en sab le  p ro 
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p e r ty  fo r  l ig h t  w ork , w h ils t ex p an s io n  on  solidi
f ica tio n  is  also ve ry  v a lu ab le , fo r  i t  enab les an  
iro n  to  ta k e  a n d  r e ta in  th e  d e lica te  im pressions 
of th e  m ould, an  im p o r ta n t  fa c to r  in  sm ali 
m ach ine  p a r ts  w here  a  h ig h  degree  o f accu racy  
is d e m an d ed  a n d  in  o rn a m e n ta l .c a s tin g s  w ith  
in tr ic a te  designs. N o t on ly  does phosp h o ru s im 
p a r t  f lu id ity , h u t  also increases th e  ra n g e  of 
te m p e ra tu re  th ro u g h  w hich th e  m e ta l re m a in s  
m o lten , a  d is tin c tly  d iffe re n t c h a ra c te r is tic . T h is 
p ro p e rty  is observed  p a r tic u la r ly  in  m ak in g  la rg e  
c as tin g s , a n d  since  i t  is an  effect d irec tly  opposite  
to  t h a t  of a ch ill, i t  causes, o r  allows to  be  fo rm ed , 
hollow sh rin k a g e  c av itie s  w ith in  th e  m ass ot 
m e ta l. I t  h a s  b een  sa id  t h a t  p h o sp h o ru s h a s  l i t t le  
effect o n  h a rd n e ss , an d  i t  is  also t r u e  t h a t  i t  h a s  
sm all in fluence on  ten s ile  s tre n g th .  In  m ix tu re s  
c o n ta in in g  s tee l th e  a u th o r  o b ta in s  re g u la r ly  16 
a n d  17 to n s  p e r  sq. in . te n s ile  w ith  u p  to  1.50 p e r  
c en t, phosp h o ru s , u s in g  p r in c ip a lly  N o rth a m p to n  
iro n s, a n d  c an n o t see any  m ark e d  im p ro v em en t 
w hen th is  e lem en t is red u ced , o th e rs  re m a in in g  
c o n s ta n t. On tra n sv e rse  s t r e n g th  i t  a d m itte d ly  
has co n sid erab le  effect, c au s in g  a  low ering  th e re o f , 
a n d  th is  in c id e n ta lly  su g gests t h a t  th e  tra n sv e rse  
te s t is  a b e t t e r  re flex  o f th e  iron  th a n  is  th e  
tensile .

I t s  m ost n o ticeab le  effect o n  m ech an ica l p ro 
p e r tie s  is  seen in  th e  shock te s t  o r im p a c t te s t  
w here  an  iro n  w ith  1.50 p e r  cen t, p h o sphorus will 
g ive on ly  h a lf  th e  v a lu e  of a  low -phosphorus iro n  
T h is effect is  one w hich everyone  who h a n d le s  iron 
en co u n te rs .

These p ro p e rt ie s  c lea rly  e x p la in  th e  su ita b ility  
o f C leveland  o r  N o rth a m p to n  iro n  fo r l ig h t  c a s t
ings, b u t  n o t  fo r  heavy  w ork, an d  show why th e  
Sco tch  fo u n d e r comes to  E n g lan d  fo r  h is iro n . 
T he u se r  m ay  ju s t ly  b lam e th e  b la s t  fu rn a c e  if  
h is iro n  is  h a rd  w hen he asked fo r  i t  so ft, b u t  
h e  m u s t n o t  hold  th e  m a k e r  responsib le  fo r flu id ity  
o r  shock w eakness, as i t  h a s  been shown t h a t  th e  
b la s t  fu rn a c e  h as no co n tro l ov er p h o sphorus, 
sim plv  t r a n s f e r r in g  i t  to  th e  p ig , an d  th e  fo u n d e r 
m u st ch an g e  h is  d is t r ic t  if  h is  iro n  is  too  low in  
ph o sphorus. T h is s tu d y  of p h o sphorus also 
rev ea ls  w hv h e m a tite  ta k e s  so m uch  m ore  b re a k 
in g  th a n  th e  ch eap er a n d  com m oner irons.
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W ith  c e r ta in  d e fin ite  re q u ire m e n ts  in  view , i t  is 
co m p a ra tiv e ly  easy  to  choose th e  p h o sp h o ru s  and  
hence th e  b ra n d  of p ig , b u t  th e re  is no  d is t r ic t  
from  w hich iro n  can  be b o u g h t w ith  th e  c e r ta in ty  
t h a t  i t  w ill c b n ta in  a  d e s ired  a m o u n t o f silicon. 
I t  is, in d eed , a  m ost u n re lia b le  e le m en t, an d  
even  in  ca llin g  fo r iro n  of a  c o n s ta n t  q u a lity  from  
o n e  fu rn a c e , th e  fo irn d ry m an  m ay  eas ily  rece iv e  
r u n n in g  d e liv e ries  o f iro n  v a ry in g  o ver a ra n g e  
o f 2 p e r  c e n t , silicon. I t  is n o t  a c tu a lly  th e  m ost 
im p o r ta n t  e le m en t in  p ig  iro n , fo r  c a rb o n  assum es 
th is  ro le , b u t  because  o f i ts  e ffect on  th is  l a t t e r  
c lem en t, w hich  is a lw ays a t  th e  m ercy  o f a n  i n te r 
loper, silicon  becom es th e  e le m en t to  w hich  ch ief 
a t te n t io n  m u s t be p a id . T h e  in flu en ce  o f silicon 
h as been  so m uch  stre sse d  t h a t  “  g ra d in g  by 
a n a ly sis  ” h as  been  g e n e ra lly  a b b re v ia te d  to  
“ g ra d in g  by s ilic o n ,” a n d  i t  h a s  com e to  be 
assum ed t h a t  if th e  silicon c o n te n t  w ere  specified 
by th e  b u y e r a n d  su p p lied  by  th e  m a k e r , th e  
fo u n d ry m a n ’s m illen n iu m  would be a lm o st a t  
h an d . T h is  is c e r ta in ly  a  to o -h o p efu l view  o f th e  
case, b u t  i t  h a s com e a b o u t th ro u g h  th e  g e n e ra lly  
w ide v a r ia tio n  in  th e  silicon  c o n te n t  of a lm o st an y  
a n d  ev ery  b ra n d  o f p ig , m ak in g  i t  im possib le  fo r 
th e  fo u n d e r to  re ly  u p o n  th e  m ost v i ta l  p ro p e r t ie s  
o f h is  m a te r ia l.  I t  m ay n o t  be th e  m ost im p o r
t a n t  e lem en t, b u t  in  b u y in g  p ig -iro n  i t  is th e  
m ost trou b leso m e. N ev erth e le ss , a n d  in  sp ite  of 
a ll th e  p re ce d in g  re m a rk s , th e  w r i te r  is h a v in g  
ex ceed in g ly  good d e liv e ries  w ith  silicon v a ry in g  
on ly  a few  p o in ts , b u t  th is  r e s u l t  h a s  o n ly  com e 
a f te r  p e rs is te n t  p re ssu re .

T he d ire c t  effect o f silicon is so sm all, a n d  its  
in d ire c t effect so la rg e , t h a t  th e  fo rm e r  is ra re ly  
ta k e n  in to  c o n s id e ra tio n . Of its e lf , i t  h a rd e n s  
iro n  to  a sm all e x te n t  b u t  ad d s to  soun d n ess in  
c as tin g . U p  to  3 p e r  cen t, silicon  a p p e a rs  to  
in c rease  flu id ity , w h ils t o ver th is  a m o u n t th e  iron  
becom es ‘•k is h y ,’ ’ a lth o u g h  i t  is n o tab le  t h a t  even 
th e n  th e  m o lten  m e ta l flows m o re  free ly  th a n  i ts  
a p p ea ran c e  w ould su g g est. O th e r th in g s  b e in g  
eq u al, th e  b e s t sk in  is o b ta in e d  on c a s tin g s  w hen 
silicon is be tw een  2 an d  3 p e r  c e n t.,  th is  b e in g  
su p e rio r b o th  to  th e  h a rd e r  iro n s  an d  to  th e  h igh  
silicon o r “  k ishy  ”  iro n s m en tio n ed  above.

Influence of Silicon.
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As an  in d ire c t  in fluence silicon ra n k s  first 
a m o n g s t th e  u sua l c o n s titu e n ts , fo r  by i ts  a id  th e  
c o n d itio n  o f th e  c a rb o n  can  be  a lm ost p e rfe c tly  
co n tro lled . I t  m u st c e r ta in ly  be a d m itte d  t h a t  
silicon is n o t in fa llib le  in  th is  re sp ec t, since 
fo u n d ry m en  know  t h a t  an  iro n  w ith  as m uch as 
3 p e r  cen t, m ay  be ch illed  to  th e  p o in t of w h ite 
ness, w h ils t on  th e  o th e r  h a n d  v e ry  low-silicon 
iro n s a re  occasionally  g re y . T hese l a t t e r  ano
m alies  a re  fo u n d  in  p ig -iro n , b u t  i t  is ra re ly  th a t  
th ey  p e rs is t  a f te r  re m e ltin g . Upon th e  final re la 
tio n sh ip  be tw een  th e  tw o  form s o f carb o n , i .e ., 
th e  h a rd  fo rm  in  co m b in a tio n  w ith  iro n  and  th e  
so ft, w eak , f re e  g ra p h ite ,  m ay  be sa id  to  depend  
th e  use fu ln ess  of th e  iro n , an d  th is  r a t io  u n d e r  
n o rm al co n d itio n s m ay be co n tro lled  by th e  silicon 
c o n te n t.  T he to ta l  am o u n t of e a rb o n  in  p ig -iro n  
is im p o r ta n t— p e rh ap s  m ore so th a n  fo u n d ry m en  
a t  p re se n t u n d e rs ta n d , b u t  i t  is n o t  a  fa c to r  
e n tire ly  u n d e r  co n tro l in  m ak in g  e ith e r  p ig -iron  
o r  cas tin g s . E ffo rts  to  b r in g  down th is  am o u n t 
below 2.75 p e r  c en t, a re  n o t  successful, fo r even 
if  in  cupo la  w o rk in g  as m uch  as 50 p e r  c en t, m ild  
stee l be in c lu d ed  in  th e  ch arg e , c a rb o n  is absorbed 
d u r in g  d escen t an d  m eltin g  u n t il  i t  reaches, a t  
a n y  r a te ,  o v e r 2 .6  p e r  c e n t.,  a n d  a s im ila r  increase  
ta k e s  p lace if  a low -carbon m ix tu re  from  an  open- 
h e a r th  fu rn a c e  is rem e lted  in  th e  cupola. 
F u r th e rm o re ,  th e  fo rm  o f th e  g ra p h ite  in  p ig -iron  
is also a  fa c to r  in  m ak in g  cas tin g s, fo r th e re  would 
s till seem  to  be re ta in e d  a f te r  re m e ltin g  some of 
th e  s t ru c tu ra l  p e c u lia r itie s  o r  effects of th e  
g ra p h ite . T h is is th e  only so-called “ in h e re n t  ” 
p ro p e rty  fo r w hich  th e re  seem s a t  p re se n t any  
fo u n d a tio n , b u t  th e  im p o r ta n t  p o in t is th e  a m o u n t 
of com bined an d  g ra p h it ic  c a rb o n , fo r on  th is  
d ep en d s chill h a rd n ess , m ac h in ab ility , s tre n g th , 
soundness, an d  sh rin k a g e . T he co n d itio n  of th e  
carb o n  is in fluenced  eq u ally  by section , fo r  th e re  
a re  some sec tions so th in  t h a t  th e y  can  scarcely  be 
c a s t  g rey , an d  o th e rs  so th ic k  t h a t  i t  is difficult 
to  r e ta in  them  w hite  w ith o u t ch ills, an d  i t  is 
th e re fo re  im possible to  show a d e fin ite  re la tio n  
b e tw een  silicon  an d  com bined carb o n  o r  silicon 
a n d  g ra p h ite .  T u rn e r ,  in  b is classical re searches, 
h a s  show n th e  am o u n ts  of silicon fo r m axim um  
h a rd n ess , c ru sh in g  s t re n g th , tra n sv e rse  an d  te n 
sile  s tre n g th ,  an d  m ac h in ab ility , b u t  th ese  figures
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only  a d m it o f l i te r a l  in te r p r e ta t io n  in to  fo u n d ry  
p ra c tic e  w hen ta k e n  in  c o n ju n c tio n  w ith  c a s tin g  
sec tion . K eep , too , h a s g iv en  us cu rv es show ing 
th e  s t r e n g th  a n d  sh r in k a g e  to  be e x p ec te d  w ith  
v a ry in g  d eg rees o f silicon , b u t  th e se  a re  show n 
in  th e  sam e cu rv es to  be v a r ia b le  a cc o rd in g  to  th e  
th ic k n e ss  o r sec tio n  of m e ta l u n d e r  c o n s id e ra tio n .

Influence of Sulphur.
S u lp h u r  is  a n  im p u r i ty  w hich  is o f te n  fo u n d  to  

v a ry  w idely in  w h a t shou ld  be th e  sam e g ra d e  of 
iro n , a lth o u g h  m ore g e n e ra lly  i t  v a r ie s  in v erse ly  
w ith  silicon a n d  does n o t  o f te n  re ac h  0.10 p e r  cen t, 
w hen silicon is over 2.5 p e r  c e n t. T h e  a u th o r  h a s 
on  occasions rece ived  b a tch es o f iro n  w ith  3 to  
3.5 p e r  c en t, silicon a n d  su lp h u r  o v e r 0.15 p e r  
cen t. F o u n d ry m e n  a re  com ing  to  re a lis e  t h a t  th is  
e lem en t is less h a rm fu l  th a n  w as fo rm erly  con
s id e red  th e  case, a n d  t h a t  good c a s tin g s  c a n  be 
m ade  even  w hen i t  is r a th e r  h ig h , b u t  few  have  
y e t  re ac h ed  th e  s ta g e  a t  w hich  th e y  welcom e a n  
overdose as an  a c t  of f r ie n d s h ip . G en era lly  i t  is 
specified to  be a t  a  m in im u m , a n d  a n y  v a r ia tio n  
b e in g  th e n  in  a n  u p w a rd  d ire c tio n  is to  th e  p re 
ju d ic e  o f th e  m a te r ia l .  I t s  p re sen ce  in  p ig - iro n  is 
n o t  re a d ily  d e te c te d , since th e  c lo sen in g  o f g ra in  
o r  e x te rn a l  ch ill w hich  i t  m ay  cause  a re  m ore 
u su a lly  a t t r ib u te d  to  low silicon , a n d  th e re fo re  
w h ere  th e  fo u n d ry m an  h a s  n o t  th e  a d v a n ta g e  of 
a n  a n a ly s is  he  m ay  be u n ab le  to  ta k e  those  s te p s  
w hich  p a r t ia l ly  c o u n te ra c t  i ts  in flu en ce . W ith  
h ig h  s ilicon , i .e . ,  o v e r 2.5 p e r  c e n t .,  a  h ig h  p e r 
c e n ta g e  o f su lp h u r  is re q u ire d , c e r ta in ly  o v er 
0.125 p e r  c en t, to  cause  a  ch ill ev en  in  l ig h t  c a s t 
in gs, b u t  th e  ch ie f  d e fec t th e n  cau sed  by  its  
p resence  is loss of f lu id ity , th e  m e ta l becom ing  
c o m p a ra tiv e ly  viscous a n d  th e n  g iv in g  u n so u n d  
cas tin g s . W ith o u t  d e fin ite  figu res i t  is  unw ise  to  
a t t r i b u te  a m elt of th is  c h a ra c te r ,  acco m p an ied  as 
i t  is by  a  s tro n g  sm ell of su lp h u r  d io x id e  fro m  th e  
lad le , to  h ig h -su lp h u r p ig - iro n , as i t  m ore  f r e 
q u e n tly  a rises  from  th e  coke. I f  j t  is d e fin ite ly  
know n to  be from  th e  p ig -iro n , h ig h  su lp h u r  m u st 
in  these  cases be a d m itte d  as d e tr im e n ta l  a n d  o f te n  
u n av o id ab ly  so, fo r fo u n d r ie s  m a k in g  l ig h t  c a s t
ings only do n o t u su a lly  stock  h ig h -m an g an ese  p ig , 
an d  would n o t be well ad v ised  to  use i t  in d is 
c rim in a te ly  even  w h ere  i t  is a t  h a n d .
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I n  low -silicon p igs, w here  h ig h e r  p e rce n ta g e s  of 
su lp h u r  a re  m ore  u su a lly  fo u n d , th e  effect of su l
p h u r  is even  m ore re a d ily  seen in  i ts  l ia b ili ty  to  
p ro d u ce  u n so u n d n ess an d  blowholes, b u t  th e  c a s t
ings m ad e  from  th is  class of p ig  w ill ben efit g e n er
a lly  fro m  such m an g an ese  a d d itio n s  as a re  likely  
to  be u sed  to  c o u n te ra c t th e  evil. S u lp h u r  has 
b een  spoken  of as p ro d u c in g  a  ch ill, b u t  th is  is 
o n ly  by i ts  in d ire c t  effect on  carb o n , w hich  is 
p ra c tic a lly  alw ays, th e  h a rd n ess co n tro lle r.

I n  a d d itio n  to  th e se  defec ts— loss of flu id ity , 
blowholes a n d  ch ill— su lp h u r  u n acco m p an ied  by 
m an g an ese  w ill also p ro d u ce  a  deg ree  of sh rin k ag e  
w hich  w ill cau se  c rac k in g  a n d  fly ing  in  w ork  of 
in t r ic a te  d e sign , a n d  w ill cause  a loss o f s tre n g th  
in  b o th  ten s ile  a n d  tra n sv e rse  te s ts .

T he key to  avo idance  of th ese  tro u b le s  w hen 
ex ceed in g  th e  u su a lly  p rescrib ed  m ax im a  fo r su l
p h u r  is th e  u se  o f m an g an ese  in  in c reased  q u a n 
t i ty .  I t  h a s  been  seen th a t  th is  e lem en t v a rie s  
v ery  w idely  w hen v iew ing  as a whole th e  iro n s  of 
th is  c o u n try , fro m  0.3 p e r  cen t, in  N o rth a m p to n  
p ig s to  2.0 p e r  cen t, in  N o r th  S ta ffo rd sh ire . 
T h is  w ide v a r ia tio n  a n d  th e  low p e rce n ta g e  
fo u n d  in  som e b ra n d s  m akes i t  wise and  
even necessa ry  to  use a m ix tu re  of irons 
fo r  a lm ost an y  class o f ca s tin g , fo r even 
w ith  th e  com m onest class o f w ork  i t  w ill be found  
t h a t  if  low -m anganese  p ig  is  a lone u sed , i t  will 
n o t  c o n ta in  sufficient m an g an ese  to  b a lan ce  th e  
su lp h u r , fo r  i t  m u s t be b o rn e  in  m in d  t h a t  w hilst 
m an g an ese  decreases w ith  every  re m e lt ,  su lp h u r 
increases . T he a c tu a l a m o u n t o f m an g an ese  fo r  
m ax im um  ben efit v a r ie s  w ith  th e  class o f w ork  in  
h a n d , b e in g  h ig h e r  in  h e av ie r  c a s tin g s , h u t  th e  
tw o  d irec tio n s  in  which i t  e x e r ts  in fluence a re  b o th  
in d ire c t— th e  one on  su lp h u r  as seen  above, th e  
o th e r  on  carb o n . M an g an ese  helps to  r e ta in  
c a rb o n  in  th e  com bined o r h a rd  fo rm , a n d  hence  
to u g h en s  iro n  co n siderab ly , b u t  i t  m u st obviously 
be  used  w ith  m o d e ra tio n  fo r l ig h t  w ork. I t  has 
consid erab le  in fluence  on  chill an d  sh rin k a g e , in d e 
p e n d e n t  of i t s  a c tio n  on carb o n , an d  is  u sed  w ith  
a d v a n ta g e  in  ch illed  ro ll an d  s im ila r  w ork. In  
c y lin d e r an d  s im ila r  w ork, m an g an ese  im p a rts  a 
closeness o f g ra in  w hich enab les a h ig h  deg ree  of 
fin ish  an d  po lish  to  be o b ta in e d , b u t  s in g u la rly
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th is  does n o t seem  to  ap p ly  to  h ig h -m a n g an e se  pig- 
irons, w hich  them selves a re  o f te n  v e ry  o p en  m  
g ra in  even  w hen over 2.0 p e r  c en t, m an g a n ese . 
In  fa c t,  such a  p ig  m ay be m ore  o p en  in  g ra in  
th a n  a  N o r th a m p to n  iro n  w ith  s im ila r  silicon  b u t  
only o n e-e ig h th  th e  p e rc e n ta g e  o f m an g an ese .

T h e  p ro p e rt ie s  la id  to  th e  c re d i t  o f  th e se  v a rio u s  
im p u r itie s  a re  c o n s ta n t a n d  u n v a ry in g , a n d  m ay  
be re lied  u p o n  to  d e m o n s tra te  th em se lv es p ro v id ed  
t h a t  th e  iro n  is n o rm a lly  m e lted  a n d  n o rm ally  
cooled. I n  cases w here  a  c e r ta in  f e a tu r e  p re se n t 
in  a  p ig -iro n — w h e th er good o r b ad — does n o t 
re m a in  a f te r  re m e ltin g , i t  m ay  g e n e ra lly  be  sa id  
t h a t  th is  p ro p e rty  is n o t  th e  r e s u l t  o f  th e  com 
p o sitio n  of th e  p ig -iro n , b u t  o f som e ab n o rm a l 
item  in  i ts  p ro d u c tio n . T h e  e x ce p tio n s  to  th is  
ru le  a re  th e  g a in s  a n d  losses in  m e ltin g , w hich  of 
course  cause  som e a lte ra t io n  in  an a ly s is  a n d  m ay 
e ith e r  b r in g  some new  q u a li ty  in to  p ro m in e n ce  or 
rem ove a  f e a tu re  b e fo re  p re se n t.

B e a r in g  th is  in  m in d , th e  p ig - iro n  q u e stio n  can  
be su rv ey ed  w ith  a  m uch  m ore o p en  m in d , fo r  i t  
becom es a p p a r e n t  t h a t  th e re  is n o t  n e a r ly  so m uch 
“  b ad  ” p ig -iro n  a s  is o f te n  a sse r te d . O f co u rse , 
w here  a  fo u n d e r  coniines h im self to  one b ra n d  
on ly , he feels th e  fu ll effect of ev ery  v a r ia tio n , 
a n d  m u st n a tu r a l ly  condem n m u ch  o f w h a t  he  
receives, b u t  if he  is in  a p o s itio n  f irs t to  an a ly se  
h is iro n  a n d  th e n  ju d ic io u sly  m ix  i t ,  m u ch  t h a t  
m ig h t in  its e lf  be useless becom es doubly  u se fu l, in 
asm uch  as i t  m ay serve  to  m ak e  u p  some deficiency 
o r o th e r  e lsew here . T he tro u b le  w ith  p ig -iro n  
does n o t, in  th e  a u th o r ’s o p in io n , lie  in  th e  am o u n t 
of “ b a d ”  iron  w hich  th e  fu rn a c e s  m ak e , b u t  in  
th e  fa u lty  d is tr ib u tio n  of th e  iro n , fo r  “ o ne  m a n ’s 
m ea t is a n o th e r  m a n ’s p o iso n ,”  a n d  w h ils t “ A 
m ay  be p in in g  fo r  silicon  a n d  re ce iv in g  none , 
“  B ,”  who is s i tu a te d  b u t  a  few  m iles off, m ay  be 
w o n d e rin g  w h a t he  is  to  do w ith  a m uch  so f te r  
iro n  th a n  he re q u ire s , a c tu a l ly  rece iv ed  fro m  th e  
sam e fu rn a c e . N e a r ly  all p ig -iro n  is  good w hen 
used  fo r  t h a t  p u rp o se  to  w hich  i t  is m o st n e a r ly  
a d ap ted .

Effect of Composition on Properties of Cast-Iron.

F ro m  th e  fo reg o in g  su m m ary  o f th e  c h a ra c 
te r is tic s  of v a rio u s  b ra n d s  a n d  th e  effect of th is
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an a ly s is  on p ro p e rtie s , sufficient h a s been said  to 
en ab le  th e  follow ing ru le s  to  be ta b u la te d  :—

(1) C a stin g s  of l ig h t  sec tio n  m u s t have  high 
silicon a n d  those  o f th ic k  sec tio n  low silicon, in 
o rd e r  to  secu re  re q u is ite  h a rd n ess  or softness.

(2) C astin g s  of very  l ig h t  sec tio n  m u s t have  h igh  
p h o sp h o ru s to  g ive necessary  f lu id ity  a n d  len g th  of 
life  fo r p o p rin g .

(3) C a stin g s  of heavy  section  should  have  lower 
p hosp h o ru s in  o rd e r to  sh o rten  th e  ra n g e  o f solidi 
h c a tio n  a n d  lim it  seg reg a tio n .

(4) C a stin g s  re q u ire d  to  have  s tre n g th  above 
n o rm al m u s t hav e  on ly  m ed ium  silicon an d  phos
p h o ru s  an d  low to ta l  carb o n .

(5) All classes o f cas tin g s  should  hav e  m an 
ganese  as h ig h  as is co n sis ten t w ith  m ae h in ab ility  
in  o rd e r  to  g ive close g ra in  an d  n e u tra lis e  su lp h u r.

(6) To re s is t  w ear i t  is  of p r im e  im p o rtan ce  to  
keep silicon low a n d  m an g an ese  h igh .

(7) F o r  c y lin d e r m e ta ls  to  w ith s ta n d  h ig h  p re s
su res use low silicon a n d  to ta l  carbon  a n d  high 
m an g an ese  to  give close g ra in .

(8) To o b ta in  chill use very  low silicon, d e p en d 
ing  on section , low to ta l  carbon , fa ir ly  h ig h  su l
p h u r  (n o t over 0.15 p e r  cen t.) , and  m ed ium  phos
ph o ru s an d  m an g an ese.

(9) To w ith s ta n d  h ig h  te m p e ra tu re s  keep silicon 
and  carb o n  low, m ed ium  p h o sphorus, a n d  h igh  
m an g an ese . T his m e ta l is h a rd  a n d  b r i t t le ,  h a s  a 
h igh  c o n tra c tio n , an d  m ay  need  a n n ea lin g .

T ab les IV , V , a n d  V I  show resp ec tiv e ly  th e  uses 
of v a rio u s  b ra n d s  fo r  d iffe re n t ty p es  of cas tin g s, 
an a ly sis  re q u ire d  fo r a n u m b er o f re p re se n ta tiv e  
cas tin g s, a n d  Arnei ican  s ta n d a rd  analyses.

T he su g g estio n s as to  b ra n d s  to  be used  a re  p u t  
fo rw a rd  v e ry  te n ta tiv e ly ,  an d  on ly  to  show th e  
choice offered  fo r each  g rad e  of ca s tin g . T here 
can  be no  t r u th  in  th e  asse rtio n  t h a t  any  p a r t i 
c u la r  ty p e  of c a s tin g  can  be m ade successfully  only 
fro m  one d e fin ite  b ra n d  o r m ix tu re , fo r  i t  is 
fo u n d  t h a t  s im ila r  ty p es  o f cas tin g s  a re  be ing  
m ad e  w ith  success in  ev ery  c o u n try  w here  fo u n d ry  
p ra c tic e  is c a r r ie d  on . I t  will, how ever, be found 
t h a t  w h erev er a c a s tin g  is  m ade— t h a t  is success
fu lly  m ade— th e re  is some re la tio n  in  th e  final 
an a ly sis  of m eta l em ployed. F u r th e rm o re , analysis 
estab lish es a basis of com parison  o r com m unication
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b etw een  one c o u n try  o r  a n o th e r  w hich  c an n o t be 
s im ila rly  estab lish ed  by any  o th e r  m eans, fo r 
w h ils t i t  m ig h t be of some g u id an ce  to  pass on th e  
an a ly s is  of a m o to r c y lin d e r to  a fo u n d e r in  
S p a in  o r  in  C h in a , i t  w ould be o f l i t t le  use, e ith e r  
in  th eo ry  o r p ra c tic e , to  sim ply  in fo rm  h im  th a t  
a  m ix tu re  h ad  been  used  o f eq u a l p a r ts  o f D erb y 
sh ire , N o rth a m p to n sh ire , a n d  S taffs co ld-b last 
iro n s . O r, on  th e  o th e r  h a n d , i t  w ould he lp  a 
B r i tish  fo u n d e r  v e ry  l i t t le  to  know  t h a t  a n  A m eri
c an  used  “ H in k le  ” o r  “ W arw ic k .”  In  proceed
in g , th e re fo re , to  m ak e  an y  suggestions as to  
b ra n d s  o r  ty p es  th e  a u th o r  does so only  w ith  m uch 
cau tio n  an d  in  a n o n -co m m itta l way.

A ssu m in g  t h a t  a  fo u n d ry m an  h a s  to  m ak e  a 
q u a n ti ty  o f a n y  p a r t ic u la r  ty p e  of c a s t in g , 'h e  will 
f irs t hav e  to  d ecide  if  th is  can  he m ade  fro m  any 
m ix tu re  of iro n  a t  p re se n t in  use o r  if  th e  lim its  
in  re q u ire m e n ts  a re  so sp ec ia lised  a n d  n a rro w  th a t  
a  new  m ix tu re  w ill be re q u ire d . I n  th e  la t t e r  
case he w ill e ith e r  hav e  b e fo re  h im  th e  specified

?37

T a b l e  V .—Analysis for Various Classes of Castings.

Type of Casting. Si. S. P. Mn. T.C.

Very light work . . 2.75 0.080 1.50 0.40 3.23
Sections 1 in. thick 2.25 — 0.75 0.50 _
H eavier th an  2 in. . . 1.25 0.125 0.40 0.75 —
Motor cylinders . . 1.75 0.10 0.70 0.80 3.20
Motor piston rings 2.0 0.10 1.0 0.80 3.20
High tem perature

0.2&work 0.60 0.150 1.50 2.75
r 0.4 0.08 2.5

Chilled rolls . .  < to to 0.20 0.40 to
I 0.8 0.12 2.75

European malleable 0.70 0.25 0.08 0.20 2.80

an aly sis  o r  w ill decide  from  th e  physical re q u ire 
m en ts  th e  g e n e ra l o u tlin e  o f com position , and  
w ill th e n  be in  some p o sitio n  to  se lec t h is irons. 
H e  w ill n a tu ra l ly  d esire  to  use local iro n s w here 
possib le ow ing  to  th e  co n siderab le  sav in g  in  r a i l 
w ay c a r r ia g e , b u t  th is  c a n n o t be m ade th e  first 
p r in c ip le  o f se lec tion . I t  h a s  been show n t h a t  
p h o sp h o ru s is g e n era lly  c o n s ta n t in  th e  iro n  from  
one d is tr ic t ,  a n d  th a t  a fu rn a c e  c a n n o t supply  
p h o sp h o ru s to  spec ifica tion  in  th e  sam e way as 
silicon . T h is  does n o t ap p ly  to  an y  e lem en t in

2 B
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th e  sam e d egree , a n d  th e re fo re  th e  a u th o r ’s su g 
g e s tio n  is  t h a t  p h o sp h o ru s f irs t be  c o n sid e red . I f  
a  h ig h  p e rc e n ta g e  is allow able, th e n  ch eap  N o r th 
am p to n  o r C leveland  iro n  m ay  be b o u g h t, b u t  if  
o n ly  a  low p e rc e n ta g e  th e n  th ese  a re  c u t  o u t  a t  
once. The ru le  is in e la s tic , fo r  w h ils t no  h ig h - 
p h o sp h o ru s iro n  could  be u se d  in  o b ta in in g  a  final 
0.10 p e r  cen t. P .  m ix tu re , i t  is  m ost in ad v isa b le  
to  use  a  p ro p o r tio n  o f such  iro n s  even  w h ere  
0.50 p e r  c e n t , is finally  a llow able, fo r  i t  is n o t 
good p ra c t ic e  to  m e lt  to g e th e r  v e ry  d iss im ila r  
irons, a n d  such  a  p ro p o s itio n  as t h a t  ju s t  m en 
tio n e d  w ould n e c e ss ita te  u s in g  h e m a t i te  to  b a la n ce  
th e  T iigh-phosphorus com p o n en t.

Influence of Carbon.
I t  h a s been  show n firs tly  t h a t  th e re  a re  few  

iro n s  w ith  low c a rb o n , a n d  secondly  t h a t  ev en  if 
th e  p ig  cou ld  be  o b ta in e d  v e ry  low in  th is  e le m en t 
th e  a d v a n ta g e  is la rg e ly  lo s t in  th e  cu p o la , w h ere  
th e re  w ill be a n  in c re ase  to  a t  le a s t  2.65 p e r  c e n t.  
I f  th e  c a s tin g s  a re  to  be sp ec ia lly  s tro n g  o r  to  
w ith s ta n d  v e ry  h ig h  p re ssu re s , i t  w ill be 
n ecessa ry  to  keep  th e  c a rb o n  low, a n d  w h ils t 
th e re  m ay  be som e chance  o f d o in g  th is  
w ith  low -carbon  p igs, th e r e  c an  be no 
ch ance  if  th e  c a rb o n  is h ig h  a t  com m ence
m en t. T he se lec tio n  h e re  m ay  even  assum e 
a g re a te r  im p o rta n c e  th a n  in  th e  case  of phos
p h o ru s , a n d  i t  m ay  be n ecessa ry  to  a b an d o n  h e m a 
t i t e ,  w hich  is  a h ig h -ca rb o n  iro n , a n d  to  t u r n  to  
spec ia l cy lin d e r iro n s  o r  to  cold b la s t. T h e  specia l 
cy lin d e r iro n s  a re  o f te n  m ad e  in  re fin in g  cup o las 
by th e  a d m ix tu re  o f h e av y  p e rc e n ta g e s  o f  s tee l, 
a n d  th e  q u estio n  m ay  th e re fo re  a r is e  of th e  pos
s ib ili ty  o f a  sem i-steel m ix tu re  b e in g  ad o p te d . 
T he a d v a n ta g e  of b u y in g  one o f th e se  stee i-m ix  
p igs is t h a t  th e  second m e ltin g  in  th e  fo u n d ry  
cu p o la  en su res  th o ro u g h  u n ifo rm ity  w h ere  th is  
m ay  n o t  be c e r ta in  by m ere ly  m e ltin g  p ig  w ith  
stee l sc rap , b u t  in  th e  a u th o r ’s o p in io n  low er 
c a rb o n  m ay be o b ta in e d  in  hom e-m ade  sem i-steel 
t h a n  in  re m e lte d  s teel-m ix  p ig . W ith  m o d e ra te  
care  th e re  is no d ifficulty  in  m e ltin g  sem i-s tee l u p  
to  50 p e r  cen t, s te e l, a n d  th e  a u th o r  h a s , in  f a c t ,  
been  ab le  to  d o . th is  on  a  h a lf- to n  c u p o le t te  a n d  
o b ta in  a  m eta l su itab le  fo r  even  th e  m o st s t r in g e n t  
re q u ire m e n ts ,
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Sem i Steel Mixtures.

The scope o f th is  P a p e r  does n o t  in c lu d e  th e  
c o n s id e ra tio n  of stee l m ix tu re s , b u t  th e  a u th o r  
c a n n o t  leave  th is  p a r t  o f th e  P a p e r  w ith o u t say ing  
t h a t  th e  use o f steel in  cupo la  m ix tu re s  opens up  
fo r  th e  fo u n d ry m an  a n  e n tire ly  new  field of 
m a te r ia l ,  a n d  th a t  w ith o u t u s in g  exp en siv e  p ig- 
iro n . I t  is fo r  th is  re a so n  t h a t  th e  ta b le  o f su g 
gested  b ra n d s  is p u t  fo rw a rd  o n ly  w ith  h e s ita tio n , 
because  i t  is f e lt  t h a t  steel m ix tu re s  could  be used 
a l te rn a t iv e ly  w ith  th o se  m en tio n ed  an d  a t  a con
sid e rab le  sav in g , a n d  h ad  th e  P a p e r  allowed fo r 
th is , a  new  se t o f  m ix tu re s  m ig h t have  been p u t  
fo rw a rd . N e a rly  ev ery  re q u ire m e n t o f th e  
fo u n d ry  c a n  now be m et by th e  a d m ix tu re  of steel 
w ith  v a rio u s  classes of p ig -iro n .

I f  a  m o d e ra te  p e rce n ta g e  o f m an g an ese  is 
re q u ire d , i t  m ay  be necessa ry  to  go o u ts id e  th e  
im m e d ia te  lo ca lity  to  o b ta in  th is , even if  phos
p h o ru s  an d  carb o n  a re  su ita b le  in  th e  local supp ly . 
I t  h a s  been  show n th a t  Scotch  an d  L inco lnsh ire  
iro n s  c o n ta in  well o v er 1.0 p e r  cen t, m an g a n ese ; 
some D erb y sh ire  also up  to  1.2 p e r  cen t, and  
N o r th  S taffs u p  to  2.0 p e r  c en t., so t h a t  in  no case 
is i t  necessa ry  to  b r in g  Scotch iro n  to  B irm in g 
ham , e tc . T h e  N o r th  S taffs h ig h -m an g an ese  p ig  is 
in some cases too h igh  in  phosp h o ru s fo r  fo u n d ry  
re q u ire m e n ts , a n d  needs to  be  m elted  along w ith  
a low er-phosphorus iro n  o r  w ith  steel.

T h e  co n sid e ra tio n  o f silicon re q u ire m e n ts  m ay 
be le f t  u n til  la s t in  se lec tin g  p ig -iro n s , as w herever 
th e  fo u n d e r m ay  h a v e  to  go fo r  h ig h  o r low phos
ph o ru s, m an g an ese , o r carb o n , he  w ill find g en er
a lly  a  sufficient ra n g e  o f silicon c o n te n t  to  m eet 
h is p a r t ic u la r  re q u ire m e n t, an d  w ill in  f a c t  p ro b 
ably  have  exam ples of th is  w ide ra n g e  b ro u g h t to  
h is n o tice  in  a  c o m p a ra tiv e ly  sh o rt tim e . T here  
a re , of course, some fu rn a c e s  w hich only  m ake  
h igh - o r  low -silicon iro n  to  spec ia l re q u ire m e n ts , 
b u t  th ese  a re  th e  ex cep tio n , an d  th e re fo re , 
a lth o u g h  silicon  is so im p o r ta n t, i t  need n o t be 
th e  f irs t co n sid e ra tio n .

A ssum ing  t h a t  th e  m ix tu re  will re q u ire  25 p e r 
c en t, each  o f N o rth a m p to n  a n d  D erb y sh ire  irons, 
th e  u se r is le f t  w ith  co n siderab le  la t i tu d e  in th e  
a c tu a l se lection  of h is fu rn aces . T h is  will, in  fa c t, 
v a ry  from  tim e  to  tim e  w ith  m a rk e t  supp lies and
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c o n d itio n s  a n d  w ith  th e  r a te  of d e liv e ry  r e q u ir e d ;  
b u t  i t  w ill be  fo u n d  t h a t  a lth o u g h  th e  iro n s  fro m  
a n y  g iv en  d is t r ic t  h av e  m uch  in  com m on, th ey  
c a n n o t a lw ay s be fre e ly  in te rc h a n g e d . I n  th e  
N o r th a m p to n  irons, fo r  in s ta n c e , w ith  2.5 p e r  c en t, 
silicon , th e re  is a  m a rk e d  d iffe ren ce  in  g ra in  
b e tw een  c e r ta in  o f th e  iro n s  w ith  w hich th e  
a u th o r  is in  c o n ta c t ,  a n d  th e  sam e is t r u e  o f  o th e r  
d is t r ic t s ;  b u t  g e n e ra lly  th e re  is p le n ty  o f scope 
fo r  in te rc h a n g e , th u s  g iv in g  to  th e  p u rc h a se r  a 
f ree d o m  o f ac tio n  w hich  he w ould be d en ied  if 
t ie d  to  o n e  b ra n d .

Som e fo u n d ry m e n  m ak e  th e i r  m ix tu re s  by  th e  
use o f a  sm all p ro p o r tio n  o f each  o f a  la rg e  n u m 
b e r  o f iro n s , r e ly in g  u p o n  som e fo rm  o f th e  law  
o f av era g es  to  level u p  th e  in co n s is ten c ie s  a n d  
e c c e n tr ic it ie s  o f a n y  o f th e  b ra n d s  w hich  m ay  be 
b e h a v in g  unseem ly ." T hese p eop le  n e v e r  c h an g e  
th e i r  b ra n d s  a n d  a re  th u s  in  th e  h a n d s  o f th e  
selle rs. O th e r  fo u n d ry m en  k eep  th e  sam e  b ra n d s  
a lw ays, b u t  v a ry  th e  p ro p o r tio n s  w ith  th e  f r a c 
tu re s ,  w hich  is  m ore  sc ien tific  th a n  th e  f irs t 
m eth o d , b u t  is o p en  b o th  to  e r ro r ,  as a ll f ra c tu re -  
m ix in g  is, a n d  to  abuse fro m  th e  fu rn a c e s . O th e rs  
a g a in  w a it  u n t i l  tro u b le  com es a n d  th e n  ad d  some 
“  d o p e ,” to  w hich  th e y  p in  th e i r  f a i th  becau se  of 
i t s  h ig h  p rice . S t i ll  o th e rs  w o rk  to  a  fixed 
a n a ly sis , an d  so long  as th is  is o b ta in e d  a re  r e g a r d 
less o f th e  co m p o n en ts  t h e r e o f ; b u t  th is  m eth o d  
h a s  b een  show n by v a r io u s  w o rk ers  to  f a i l  a t  
tim es, fo r  v a s t ch an g es  in  p h y sic a l p ro p e rt ie s  h av e  
acco m p an ied  th e  s u b s ti tu tio n  o f on e  iro n  by 
a n o th e r  o f a p p a re n tly  s im ila r  an a ly s is . T he 
a u th o r  h a s  a lw ays w o rk ed  to  a  n a r ro w  ra n g e  of 
an a ly sis  a n d  h a s  k e p t  c o n s ta n t  as f a r  as possible 
th e  p ro p o rtio n s  o f iro n  fro m  v a rio u s  d is tr ic ts ,  b u t  
f re e ly  in te rc h a n g in g  th e  b ra n d s  fro m  each  d is t r ic t  
so f a r  as possible. B u t  few  e x ce p tio n s  to  th is  
p ra c t ic e  h av e  been  fo u n d , m ostly  in  cases w h ere  i t  
a t  p re se n t  a p p e a rs  t h a t  a  c e r ta in  b ra n d  o f iro n  
d isp lays a  s tro n g  te n d e n c y  to  d ra w  o r to  g ive d ir ty  
c a s tin g s . In  n o t  ev ery  case  h as a suffic ien t reaso n  
been  a ssig n ed  fo r  th e  re s t r ic t io n  o f l ib e r ty  in  i n te r 
ch an g in g  all co m p o n en ts  so long  as a  d e s ired  
an a ly sis  is o b ta in e d , b u t  no  fo u n d ry m a n  lik e s  to  
acknow ledge t h a t  no  o th e r  iro n  b u t  th e  p ne  h e  js 
p s in g  w ill m ee t h is  case.
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London Branch,
THE MANUFACTURE OF PEARLITIC CAST IRON 

FOR HIGH TEMPERATURE ENGINES.

By Arthur Marks, F.I.C.

T h e  m a n u fa c tu re  of c a s tin g s  fo r  p a r ts  su b 
jec ted  to  h ig h  te m p e ra tu re , such  as in te rn a l  com 
bu stio n  en g in e  cy lin d e r covers a n d  p istons, has 
called  fo r a  cheap m a te r ia l  to  w ith s ta n d  excep
t io n a l  cond itio n s. T h is  P a p e r  g iv es th e  w r i te r ’s 
a tte m p ts  t a  p ro d u ce  p e a r lit ic  c a s t iro n  in  th e  
cu p o la  w ith  a  view  to  o b ta in in g  th e  s tro n g e s t 
m a te r ia l  possib le fo r  th is  c lass o f basting .

A n e x am in a tio n  o f th e  c rack s w hich occur in  
p isto n s a n d  which a re  shown in  cy lin d er covers 
shows t h a t  th e re  a re  tw o m ain  causes of fa ilu re . 
(1) S ta r  c rack  r a d ia t in g  from  a local c e n tre  
(F ig . 1 ) ;  a n d  (2) c rack s w hich  e x te n d  r ig h t  
across th e  p is to n  o r betw een  holes in  th e  covers 
(F ig s . 2 a n d  3).

C rack s o f th e  f irs t ty p e  a re  th e  m ost in te r e s t 
in g  from  a  m e ta llu rg ic a l p o in t of view . These 
a re  assoc ia ted  w ith  o x id a tio n  of th e  g ra p h ite  in
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th e  m a te r ia l  and  item s in  th e  com position , such  
as su lp h u r  a n d  p h o sphorus.

T h e  second ty p e  o f c rac k  is  u su a lly  asso c ia ted  
w ith  c a s tin g  cond itio n s, an d  can  u su a lly  be o v e r
come by  m o d ification  of th e  m eth o d  of c a s tin g  
th e  job . T h ey  a re , in  fa c t ,  s t r u c tu r a l  s tr a in -  
c rack s d u e  to  ch illin g  th e  m a te r ia l  in  o rd e r  to  
o b ta in  a  dense a n d  close m e ta l w here  t h e  p is to n  
o r  cover is fa ir ly  th ic k  a n d  co n seq u en tly  lik e ly  to  
be su b je c t to p o ro s ity . G en era lly  sp e a k in g , th e  
prob lem  of m a in ta in in g  a  lo n g  life  in  su ch  p a r ts  
h a s to  be  ta c k le d , f irs t, by  c o n s id e rin g  th e  p ro 
d u c tio n  of a  m e ta l w hich  is n o t  h o t- s h o r t ;  second, 
by p ro d u c tio n  o f a  m e ta l  w hich  w ill s ta n d  u p  
to a chill o r  c a s t w ith o u t  th e  u se  o f c h ills ; th ird ,  
by p ro d u c in g  a  m e ta l in  w hich  th e  p lan e s  of 
g ra p h ite  w eakness a re  a b se n t. T h e  p ro d u c tio n  o f 
a m a te r ia l  w ith o u t p lan es  of w eakness lead s th e  
a u th o r  to  th e  conclusion  t h a t  th e  l in e  o f d evelop 
m en t to  ta k e  w as to  p ro d u ce  p e a r l i t ic  o a s t irons.

T he w ork  g iv en  below  was c a r r ie d  o u t  som e 
y e a rs  b e fo re  th e  p u b lic a tio n  o f D ie fe n th a le r ’s 
p a te n t .

A nalysis o f ty p ic a l  f r a c tu re d  e n g in e  p is to n s  
g a v e :— (1) T .O ., 2 .93 ; G .C ., 2 .3 7 ; C .C ., 0 .56 ;
51., 1 .3 ; S ., 0 .090: P . ,  0 .7 8 ; a n d  M n ., 0.61 p e r  
c e n t . , ;  a n d  (2) T .C ., 4 .0 ; G .C ., 3 .3 .;  C .C ., 0 .7 ;
51., 1 .26; S ., 0 .0 7 5 ; P . ,  0 .75, a n d  M n ., 0.80 p e r  
cen t. M ost of th e se  fa ile d  by  excess g ra p h ite  
a n d  sh rin k a g e .

In  c o n n ec tio n  w ith  s tee l i t  h a s  lo n g  been  u n d e r 
stood t h a t  th e  h ig h e s t te n s ile  s t r e n g th  w ith o u t 
u n d u e  b r itt le n e ss  c an  Be o b ta in e d  by m ea n s  of 
s t ru c tu re s  w hich a re  p e a r l i t ic  in  c h a ra c te r  o r  a re  
m o d ifications o f th e  p e a r l i t ic  s t ru c tu re s  su ch  as 
so rb ite  a n d  tro o s t ite . F o r  in s tan c e , in  th e  m a n u 
fa c tu r in g  o f w ire  w hich is speo ially  d ra w n  to  g iv e  
h ig h  te n s ile - s tre n g th ,  m a n u fa c tu re rs  h a v e  fo r  
m an y  y ears  c a r r ie d  o u t  se c re t h e a t- tr e a tm e n t  of 
th e  steel in  o rd e r to  g iv e  a p e a r l it ic -s o rb it ic  s t ru c 
tu r e  w hich, w h ils t in  th e  e a r ly  days i t  w as n o t  
u n d e rs to o d  in  th e o ry , w as fu lly  u n d e rs to o d  in  
p ra c tic e . As p ro g ress  in  th e  u se  o f c a s t  iron  
has been m ade  en g in eers  h av e  a lw ays h a d  in  m in d  
a  cas t iro n  w hich shall h a v e  th e  te n s ile  p ro p e r 
tie s  o f s teel. T h e  fo u n d ry m an  know s as a  m a t te r ’ 
of p ra c tic e  such m a te ria ls  in v o lv e  excessive diffi
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c u ltie s  in  th e  fo u n d ry  such as a re  only  m et w ith  
in  th e  c a s tin g  of steels. M any  a tte m p ts  have 
th e re fo re  been m ad e  to  im prove  th e  ten s ile  
s t re n g th  of cast iro n  a n d  ap p ro ach  th e  p ro p e rtie s  
o f s teel. W h ils t one is a p p ro ac h in g  th e  p ro p e r
tie s  o f stee l in  th e  m a te ria l  o n e  is a t  th e  sam e 
tim e  losing  th e  exceed ing ly  u sefu l p ro p e rtie s  of 
c a s t iro n  such  as (1) low m e ltin g  p o in t;  (2) 
f lu id ity  w hen m o lten , an d  (3) ex p an sio n  on so lid i
fy  *nS> w hich  m ake  i t  a  m a te ria l  c ap ab le  of being  
easily  c a s t  in  th e  fo u n d ry . One of th e  m ost

F i g . 2 .— C r a c k s  b e t w e e n  H o l e s .

im p o r ta n t  of th e se  a tte m p ts  was in  th e  e a rly  days 
o f la s t  c e n tu ry  w hen m ix tu re s  of stee l a n d  cast 
iro n  w ere m a n u fa c tu re d  u n d e r  p a te n ts  by S te r 
lin g  in  1846. A n  a t te m p t  w as th e n  m ad e  to  
m a n u fa c tu re  sem i-steel b y  a  p a r t ia l  re fin in g  of 
th e  iro n . L a te r , in  1855, N icholls an d  P ric e  in t r o 
d u ced  a m ethod  o f m ix in g  refined  iro n  a n d  o rd i
n a ry  iro n  in  th e  cupola , th u s  e n d eav o u rin g  to  
p ro duce  a s tro n g e r  m a te ria l. T hese tw o p a te n ts  
m ay  be co n sid ered  th e  basis o f  th e  m a te r ia l  which 
is  now know n as sem i-steel, an d  w hilst th e  ideal 
sem i-steel h a s  n o t been a t ta in e d  in  d ire c t  m eltin g  
fro m  th e  cu p o la  th e  id ea l to  be a im ed  a t  in 
such a  m a n u fa c tu re  is a  p e a r lit ic  cas t iron .
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T h e  o rd in a ry  oast iro n  c o n ta in s  am o n g  i ts  ch ief 
m e ta llo g rap h ic  c o n s t itu e n ts  th e  su b s tan ce  
g ra p h ite ,  w hich  is  fo rm ed  d u r in g  th e  slow cool
ing  of th e  i r o n ; w hich low ers th e  m e lt in g  p o in t 
of th e  iro n , a n d  th e re fo re  en ab les  i t  to  b e  c a s t  
r e a d ily  a t  lo w -tem p era tu re s  in  san d  m ou lds w ith 
o u t  u n d u e  se a rc h in g  effect, a n d  w hich a lso g ives 
to  th e  iro n  i ts  re a d ily  m ac h in ab le  p ro p e rtie s . On 
m e ltin g  to g e th e r  p ig -iro n  a n d  s tee l u n d e r  s u i t 
ab le  c o n d itio n s , th e  f irs t n o tic e ab le  ite m  is th e  
re d u c tio n  in  th e  g ra p h ite  o o n ten t a n d  a n  in c re ase  
in  th e  s tr e n g th  of th e  m a te r ia l  ow in g  to  th e  fa c t  
t h a t  th e  p lan es o f  w eakness c au sed  by  th e  
g ra p h ite  a re  red u ced . I f  th e  co n d itio n s a re  k e p t  
c o n s is ten t th e  s t r e n g th  w ill in c rease  d ire c tly  w ith  
th e  p ro p o rtio n  of s tee l a d d e d  a n d  th e  a m o u n t of 
g ra p h ite  p re se n t .  T h e  a d d itio n  o f th e  s teel, 
how ever, red u ces th e  s ilic o n -c o n te n t so t h a t  u n less 
m ean s a re  ta k e n  to  keep  th e  silicon c o n te n t  h ig h  a n  
iro n  w ith  n o  m ac h in ab le  p ro p e r t ie s  is g ra d u a lly  
b e in g  a p p ro ach ed , t h a t  is  a  h a r d  iro n . B y p ro p e r 
a d ju s tm e n t o f th e  silicon in  th e  m ix tu re  i t  is 
easily  possib le to  m ak e  a  m ach in ab le  iro n  u s in g  
as- m u ch  as 50 p e r  c e n t,  o f steel. T h ese  m a te r ia ls , 
as o rd in a r ily  p ro d u ced , how ever, a re  n o t  p e a r l i t ic  
c a s t irons, a lth o u g h  th e  p e a r l i t ic  a re a s  in c rease  
v e ry  co n sid erab ly  w ith  in c re a s in g  th e  silicon , a n d  
in  g e n e ra l p ra c t ic e  i t  is fo u n d  t h a t  i t  is  im pos
sib le  to  e lim in a te  th e  g ra p h ite  fo rm ed  s im p ly  bv 
a d d itio n  of s tee l if  m a c h in e a b ility  is to  be  m ain - 
ra in ed . I f  th e  s ilico n -co n ten t o f th e  iro n  is  k e p t  
h ig h  g ra p h ite  a b so rp tio n  a lw ays o ccurs in  th e  
cupola , so- t h a t  th e  re su ltin g  p ro d u c t  a p p e a rs  m ore  
n e a r ly  r e la te d  to  a n  o rd in a ry  c a s t  iro n  th a n  i t  
does to  s teel. Im m e d ia te ly  th e  g ra p h ite  is 
red u ced  by th e  a d d itio n  o f s tee l, d ifficu lties a re  
e n co u n te re d  ow ing  to  th e  q u ickness w ith  w hich 
th e  m e ta l w ill ch ill, a n d  th e re fo re  i t  h as been 
fo u n d  in  p ra c t ic e  fo r  sem i-steels t h a t  20 p e r  
c en t, o f steel is th e  a m o u n t w hich c an  be  con
v en ie n tly  ad d ed  fo r  th e  p u rp o se  o f m a n u fa c tu r in g  
m ach in eab le  c a s tin g s  w ith o u t u n d u e  d ifficu lty  in 
a d ju s tin g  th e  m ix tu re s . A tte m p ts  h a v e  th e r e 
fo re  been  m ade u p o n  d iffe re n t lin es in  o rd e r  to  
p ro duce  p e a r l it ic  c a s t  iro n  w ith  a  view  to  in c re a s 
ing  th e  s t r e n g th  a n d  a t  th e  sam e t im e  av o id in g  
a n y  d ifficu lties in  cas tin g . Two m eth o d s used  
a r e : — (1) To a d ju s t  th e  fu rn a c e  r u n n in g  so t h a t
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th e  g ra p h ite  ab so rp tio n  is red u ced  to  a  m in im um  
a n d  th e  g ra p h ite -c o n te n t of th e  m eta l k e p t  below 
th e  l im its  re q u ire d  fo r  excessive se p a ra tio n  d u r 
in g  th e  cooling , a n d  (2) to  m a n u fa c tu re  a  m a te ria l  
in  th e  cu p o la  w ith  a  low g ra p h ite -c o n te n t, subse
q u e n tly  a n n e a lin g  th e  c a s tin g  so a s  to  re n d e r  i t  
m ach in eab le .

I n  th e  second m ethod , th e  c a s tin g s  a re  m ade 
fro m  a  m ix tu re  w hich co n ta in s  low silicon, b u t 
w hich, a t  th e  sam e tim e , h a s sufficiently  been 
su p e rh e a te d  to  ch an g e  th e  h a rd  w h ite-iro n  in to  a 
p e a r l it ic  fo rm . T he a n n e a lin g  is c a r r ie d  on  a t  a 
low te m p e ra tu re ,  an d  is done w hilst th e  ca s tin g  is

F io .  3 . — C r a c k s  a c r o s s  P i s t o n  E n d .

s ti ll  in  th e  m o u ld ; th e  m oulds a re  h e a te d  to  a  te m 
p e ra tu re  as h ig h  as possib le before  th e  m eta l is 
p o u red , a n d  th e  m oulds, w h ils t th e  m eta l is  s till 
h o t, a re  rem oved to  a n  a n n e a lin g  oven so as to  
m a in ta in  th e  te m p e ra tu re  fo r a  considerab le  
tim e  w hilst th e  h a rd  iro n  is ch an g ed  in to  p e a rlite . 
A n n ea lin g  in  a n  oven is n o t  a  v e ry  con v en ien t 
process in  th e  case of la rg e  cas tin g s, an d  since  th e  
m eta l is h a rd  i t  does n o t h av e  th e  ad v an tag e s  
w hich o rd in a ry  c a s t  iron  possesses in  e x p an d in g  on 
cooling  an d  so re d u c in g  th e  sh rin k a g e  w hich, as 
m en tio n ed  above, is o ne  of th e  im p o r ta n t  fe a tu re s  
o f c a s t  iro n  fro m  th e  fo u n d ry  p o in t o f view . The 
co st o f m a n u fa c tu re  is a lso increased , an d  th e  
o b jec t o f th is  P a p e r  is to  in d ic a te  lin es upon  which
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th e  p ra c tic a l m a n u fa c tu re  o f p e a r l i t ic  c as t iro n  
was a tte m p te d  w ith  a view  to  av o id in g  an y  a n n e a l
in g  o r o th e r  a d d itio n a l p rocess th a n  w as o rd in a r i ly  
m et w ith  in  th e  fo u n d ry .

I n  a P a p e r  p rev io u sly  p u b lish ed  by th e  w r i te r  i t  
was show n t h a t  c a s t iro n s  of a  c e r ta in  ty p e  cou ld  be 
m ad e  w hch w ould  s ta n d  a te m p e ra tu r e  o f 500 deg.
C. fo r  a  p e rio d  o f 36 h o u rs  w ith o u t  an y  s ig n  of 
b reak d o w n . I ro n  o f th is  class is ve ry  im p o r ta n t  fo r 
th e  m a n u fa c tu re  o f su p e rh e a te d  - tu rb in e  cas in g s , 
D iesel-eng ine cas tin g s , a n d  o th e r  in te rn a l-co m b u s- 
tio n  eng in es. I n  re c e n t  y e a rs  i t  h a s  been  th e  p ra c .  
t ic e  to  m a n u fa c tu re  su p e rh e a te d  tu r b in e  cas in g s 
from  steel w hich  involves co n sid e rab le  in c re ase  in  
cost. S u p e rh e a te d  s team  tu rb in e  c as in g s  w ill be 
su b jec ted  to  a  te m p e ra tu re  o f 300 deg. C . th ro u g h 
o u t th e  w o rk in g  p e rio d  of th e i r  life , a n d  i t  has 
been show n t h a t  com m on cas t iro n , su ch  as p ip e  
lin es, h a v e  g iv en  w ay a t  th is  te m p e ra tu re ,  a n d  
th e re fo re  en g in e e rs  h av e  been lo th  to. m ak e  tu rb in e  
cas in g s fro m  c a s t iron  h a v in g  th ese  in c id e n ts  in  
m ind . H e re  a g a in  th e  w ide v a r ia t io n  in  c a s t iro n  
a s  a m a te r ia l  o f c o n s tru c tio n  is rea lised . C a st 
iro n  is a te rm  co v erin g  w h a t shou ld  be  co n sid ered  
to  be a  la rg e  n u m b e r of m a te ria ls . O ne c an n o t, 
fo r ex am p le , class to g e th e r  a  N o. 3 p ig -iro n  c a s t 
in g  an d  a h ig h  g ra d e  sem i-steel c a s tin g , a lth o u g h  
to  th e  m in d  o f th e  a v e ra g e  d esig n er th e y  would 
b o th  be  in c lu d ed  in  th e  te rm  “  c a s t  i ro n .”  Such  
a m e ta l w ould, u n d o u b ted ly , g row  u n d e r  low-tem - 
p e ra tu re  h e a t- tr e a tm e n t ,  a n d  th e re fo re  one h a s  to  
d e m o n s tra te  to  th e  u se rs  o f th e se  m a te r ia ls  th e  
f a c t  t h a t  a  la rg e  ra n g e  o f c a s t  iro n s  is possib le, 
each  one of w hich c an  be m a n u fa c tu re d  to  s u i t  defi
n i te  re q u ire m e n ts . T he id ea l p e a r l i t ic  c a s t  iro n  
will be o ne  in  w hich th e  w hole g ro u n d  m ass o f th e  
s t ru c tu re  is p e a r l i te  an d  th e  com p o sitio n  o f such 
a  one m ay  be as fo llo w s :— G .C ., 2.75 to  2 .5 ; C rC , 
0 .75 to  0 .8 ; S i, 1.0 to  2 .5 ; S, 0.05 to  0 .1 3 ; P , 0.2 
to  0 .4 ; a n d  M n, 0.7 to  1.2 p e r  cen t.

I n  view  of th e  low g ra p h ite  a n d  h ig h  com bined 
carb o n  n ecessary , o n e  is  com pelled  to  use  low 
to ta l-c a rb o n  iro n s in  th e  m ix tu re  a n d  also to  
m ak e  steel a d d itio n s . A low p h o sp h o ru s -co n ten t is 
also desirab le .

I t  h a s  been  show n t h a t  su lp h u r  w as im m a te r ia l  
a n d  could  be b a lan ced  by su ita b le  a d d itio n s  of
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m anganese . W hile  fo r low su lp h u r-c o n te n t th is  is 
t ru e ,  i t  is n o t a  p ra c tic a l p ro p o sitio n  to  m ak e  c a s t
in g s of h ig li-su lp h u r iro n s a n d  b a lan ce  th e  su lp h u r 
by m an g an ese . P a r t ic u la r ly  is th is  th e  case w ith  
com plex cas tin g s.

T h e  h ig h  n u m b ers  o f Scotch irons offer low phos
p h o ru s a n d  low to ta l  c a rb o n  as a  basis to  com 
m ence w ork  on p e a r l it ic  c a s t iron , an d  th e  w r ite r  
used  N o. 7 of severa l w ell-know n Scotch b ra n d s  
c o n ta in in g :—T .C ., 2 .83 ; G rC ., 0 .5 3 ; G rC ., 2 .30; 
S i, 0 .9 1 ; S, 0 .30 ; P ,  0 .4  to  0 .7 ;  a n d  M n, 0.3 p e r 
c en t.

T he charg e  was m ad e  u p  o f 10£ owt. p i g ; 4 cw t. 
s te e l;  45 lbs. ferro -silicon , an d  3 cw t. sc rap . T he 
re su ltin g  m eta l gav e  an  an a ly sis  of T .O ., 3 .6 ; G rC ., 
2 .9 ; C .C ., 0 .7 ;  S i, 1.4, S, 0 .1 1 ; P , 0 .1 3 ; an d  M n, 
0.94 p e r  cen t.

T he m a te r ia l  fo rged  down u n d e r  th e  h am m er 
q u ite  well from  2 |  in . sq u a re  down to  \  in . in 
th ic k n e ss  w ith o u t f ra c tu re .

O th e r  ty p ic a l ch a rg es w e r e :— 8 cw t. N o. 7 p ig ;  
4 cw t. s t e e l ; 150 lbs. fe rro -silicon , a n d  8 cw t. scrap . 
T he an a ly sis  gave  th e  follow ing f ig u re s :— T .C ., 
3 .55; G .C ., 2 .8 ; C.C’., 0 .75 ; S i, 2 .6 ; S, 0 .1 4 ; P , 
0 .34; a n d  M n, 0 .8  p e r  cen t. T he p ro p e rtie s  in  
th is  in s ta n c e  w ere n o t so sa tis fa c to ry  as in  o th ers .

A  m ix tu re  w hich g a v e  v e ry  good re su lts  was 
m ad e  up  from  th e  follow ing c h a r g e :— 10^ cw t. 
No. 7 p ig ;  4 cw t. s te e l;  100 lhs. ferro -silicon , a n d  
0-1 cw t. sc rap . T he an aly sis gave  th e  follow ing 
f ig u re s :—  T .C ., 3 .2 ; G rC ., 2 .5 ; C .C ., 0 .7 0 ; Si, 
2 .7 6 ; S', 0 .14 ; P ,  0 .3 9 ; an d  M n, 0 .6  p e r  cen t.

T he ten s ile  s t re n g th  was over 18 to n s, an d  th e  
m a te r ia l  re ad ily  fo rg ed  w ith o u t f ra c tu re .  T he 
e lo n g a tio n  was 0.3 p e r  c en t., an d  th e  b end  te s t  on 
12 in . by 1 in . by  1 in . b a r  to o k  a  p e rm a n e n t  se t  
of J  in . o f a rc  a t  a  load  of 32 cwt. w ith o u t f ra c tu re . 
To g e t  th e  c o rre c t s t r u c tu r e  th e  necessary  su p e r
h e a t  fo r rem oval o f an y  ch illin g  effect is necessary , 
a n d  w ith  th e  c o rre c t m o u ld -te m p e ra tu re  i t  was 
easily  possib le to  c a s t such  m eta l on  a  3J-in . chill 
w ith o u t h a v in g  su b seq u en t d ifficulty  in  m ach in in g .

O ne in te re s t in g  f a c t  which cam e to  l ig h t  in  th is  
w ork w as th e  lack  of d ire c t connection  betw een 
B rin e ll h a rd n ess  a n d  com bined carbon . M a te r ia l  
w ith  low -oom bined carbon  gave  B rin e ll-h ard n ess 
figu res h ig h e r  th a n  g iven  by m a te r ia l  w ith  h igh- 
com bined  carbon .
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T he ten s ile  s tr e n g th  o f m a te r ia l  of th is  class is 
of th e  o rd e r  of 18 to  22 to n s  to  th e  sq u a re  inch , 
an d  c an  be co m p ared  w ith  a  good sem i-s teel r u n 
n in g  14 to  16 to n s  p e r  sq. in ., a n d  a  good c a s t  
iro n  r u n n in g  10 to  12 to n s  p e r  sq. in . A m a te r ia l  of 
th is  c lass can  be  m a n u fa c tu re d  d ire c tly  in  a  rev er- 
b e ra to ry  fu rn a c e . I t  can  a lso be  m a n u fa c tu re d  
a r tif ic ia lly  in  a n  e le c tr ic  fu rn a c e  in  b o th  o f w hich 
cases s u ita b le  s u p e rh e a t  c an  be  ad d ed  to  en ab le  i t  
to  be c a s t w ith o u t ch illin g . C astin g s , how ever, 
m ade  in  th is  w ay h a v e  to  be su b seq u en tly  a n n ea led . 
T he w rite r  m a n u fa c tu re d  p e a r l i t ic  c a s t  iro n  
d ire c tly  in  th e  cupo la  w ith  th e  o b je c t o f c a s tin g  
d ire c t  an d  also of av o id in g  a n y  a n n e a lin g  process 
b y  m eth o d  (1) above. I t  w as fo u n d  t h a t  th e  
p ro d u c t  o b ta in e d , w h ils t p e a r l i t ic  in  c h a ra c te r , 
c o n ta in e d  also te m p e r  c a rb o n , sm all g ra n u le s  of 
g ra p h ite  b u t  less f lak e -g rap h ite , a n d  th e  whole 
q u estio n  invo lved  is o n e  o f c o n tro l o f th e  cu po la . 
T h e  iro n , w hen c as t, show ed a  v e ry  c lo se-g ra ined  
s tru c tu re ,  a n d  w as e n tire ly  p e a r l i t ic  w ith  sm all 
p a r tic le s  of g lo b u la r  g ra p h ite  sp re ad  a m o n g s t th e  
g ro u n d  m ass. I n  each  case th e  te n s ile  s t r e n g th  
ta k e n  o n  2J-in . t e s t  pieces g ive  17 to  19 to n s  p e r  
sq. in . te n s ile  s tre n g th .

V a rio u s  co m p lica ted  c a s tin g s  w ere  r u n  in  th is  
m a te r ia l  a n d  th e n  b ro k en  u p , b u t  from  se v e ra l 
p o in ts  o f view  w ere n o t sa tis fa c to ry . T h e  m ach ine- 
a b ility  was g o o d ; th e  ten s ile  s t r e n g th  w as good, b u t  
co n siderab le  blow-holes show ed them se lv es in  th e  
in t r ic a te  p o rtio n s  o f th e  c a s tin g s . T h e  m a te r ia l  
d id  n o t  r e q u ire  a n y  a n n e a lin g , b u t  w as p ast in  
h o t, d ry  loam -m oulds. I t  show ed, as a n tic ip a te d ,  
a f a i r  ten d en cy  to  chill, b u t  w hen c a s t o n  2 |- in .  
ch ills of 2 f t .  d ia . w as s ti ll  m ach in eab le  in  th e  
re g io n  o f th e  ch ill on  speeds u su a lly  fo u n d  in  
heav y  e n g in e e r in g  p ra c tic e . A co m p ariso n  o f th is  
m a te r ia l  m ay  be m ad e  w ith  c e n tr ifu g a l  cas tin g s. 
In  th e  m a n u fa c tu re  o f c e n tr ifu g a l  c a s tin g s  th e  
m a te r ia l  comes o u t  in  th e  h a rd , w h ite  co n d itio n , 
an d  a  su b seq u en t a n n e a lin g  is g e n e ra lly  neces
sa ry . As th e  c a s tin g s  a re  p ra c t ic a lly  ch ill c a s t,  
ings th e y  a re  v e ry  c lo se-g ra ined , a n d  th e  g ra p h ite  
w hich  is  fo rm ed  o n  a n n e a lin g  is  in  a  fine flake 
fo rm . C o m p ara tiv e ly  h ig h  s ilico n -co n ten ts  a re  
used , a n d  th e  g ro u n d  m ass has a  h ig h  ten s ile  
s tre n g th ,  u p  to  22 to n s  'being  q u ite  a  com m on 
figure. I n  o rd e r  to  so fte n  th e  c a s tin g s  ra p id ly
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high-silioon m ix tu re s  a re  g en era lly  used, re su ltin g  
in  v e ry  ra p id  dep o sitio n  of g ra p h ite  a n d  conse
q u e n t  d ep o sitio n  in  flake fo rm .

T h e  p ro d u c tio n  o f p e a r l it ic  cas t irons in  p ra c 
tic e  d epends upon,: —

(1) C o rre c t a d ju s tm e n t o f m ix tu re  fo r fe r r i te ,  
silicon, a n d  g r a p h i t e ; a com bined carbon  in  th e  
reg io n  o f 0 .8  p e r  c e n t . ; (2) th e  use  of low silicon 
su ita b ly  p ro p o rtio n e d  to  th e  c a s tin g  th icknesses 
a n d  te m p e ra tu r e s ; an d  (3) qu ick  cooling of th e  
m eta l th ro u g h  c r it ic a l  ra n g es  a n d  su b seq u en t con
t in u e d  low te m p e ra tu re  a n n ea lin g  in  th e  m ould.

T h e  w r ite r  is  in d eb te d  to  M r. G. W alw orth , 
M .A ., fo r  a ss is tan ce  in p re p a r in g  th e  d iag ram s 
a n d  slides.
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East Midlands Branch.
CAST IRON IN MOTOR CAR CONSTRUCTION.

By F. H. Hurren, A.I.C., Member.

T h e  v a lu e  o f any  class of m a te r ia l  is m easu red  
by th e  im p o rta n ce  of th e  uses to  w hich  i t  is su b 
je c te d , a n d  in  m o to r c a r  c o n s tru c tio n  th e  
im p o rtan ce  of c a s t  iro n  c a n n o t be  o v e r-e s tim a ted . 
T h is  w ill ibe re a d ily  u n d e rs to o d  w hen i t  is rea lised  
t h a t  th e  cy lin d e r, on  w hich, to  a  la rg e  d eg ree , 
d e p en d s  th e  a c tiv e  life  o f th e  c a r , is  m ad e  in  t h a t  
m ost com plex o f a ll m a te ria ls , c as t iro n . T h e  
e x te n t  to  w hich  th e  c y lin d e r  s ta n d s  u p  to  i t s  
w ork, r e ta in s  i t s  sh a p e  u n d e r  a l t e r n a te  h e a t  an d  
cold, Vesists a b ra s io n , v ib ra t io n , a n d  in  m an y  
in s ta n c e s  u n e x p e c te d  s tre sse s  d u e  to  b a d  d r iv in g  
b o rd e rs  on  th e  m ira cu lo u s . T h e re  shou ld  be  
in c lu d ed  in  th is  t r ib u te  to  th e  efficiency of c a s t 
iro n  th e  p is to n s , p is to n  r in g s  a n d  v a lv e  gu ides.

S om etim es th e  cy lin d e r a n d  h ead  a re  c a s t  in  one 
p iece ; m o d ern  au to m o b ile  p ra c t ic e  is t o  m ake  
s e p a ra te  c a s tin g s  o f th e  c y lin d e r h e a d  a n d  cy lin d e r 
body. I n  a  few cases th e  to p  h a lf  o f th e  c ran k c ase  
is in c o rp o ra te d  in  th e  c y lin d e r body c a s tin g .

H ig h  efficiency en g in e s  o f sm all c a p a c ity  o ften  
ru n  a t  over 4 ,000 re v o lu tio n s  p e r  m in u te , w h ilst 
la rg e  c a p a c ity  en g in es fo r to u r in g  c a rs  h a v e  a  
n o rm a l speed  v a ry in g  from  1,400 to  2,500 re v o lu 
t io n s  p e r  m in u te . W h en  th ese  fig u res a r e  c a lcu 
la te d  o u t as p is to n  tra v e l,  i t  seem s w o n d e rfu l t h a t  
a n  e n g in e  w ill l a s t  even a few h o u rs , le t  a lone th e  
y ea rs  o f serv ice  an d  m an y  th o u sa n d s  o f m iles t h a t  
m ost c a rs  accom plish . W ith  a n  e n g in e  of 5-in . 
s tro k e  a  speed of 2,500 rev o lu tio n s  pea- m in . in cu rs  
a  p is to n  t r a v e l  o f  n e a r ly  700 y a rd s  p e r  m in ., o r  
24 m iles p e r  h o u r. W h en  th is  is k e p t  u p  fo r h o u rs  
a t  a  t im e  th e  p is to n s  a n d  c y lin d e r w alls m u s t  h av e  
a  h ig h  re s is ta n c e  to  fr ic tio n , o r  u n d u e  w e a r  will 
re su lt.

O th e r p a r ts  o f a  m o to r oar, w here  c a s t  iro n  is 
u tilise d , a re  th e  flywheel, c lu tc h  p la te ,  c lu tc h  
cover, e x h au s t b ra n ch ; c e r ta in  ch a in  wheels on th e  
tim in g  g ear, b ra k e  shoes, lin e rs  fo r b ra k e  d ru m s,
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b e a r in g  c a r r ie r s ,  an d  sm all d is tan ce  pieces an d  
cover p la te s . To a t t e m p t  to  use o ne  class of iron  
fo r all th e se  p a r ts  would be  c o u r tin g  d isa s te r . F o r 
in s tan ce , th e  m a te r ia l  in  th e  flywheel m u s t he  such 
as will re s is t  an y  ten d en cy  to  d is in te g ra tio n  due 
to  c e n tr ifu g a l force. T h e  c lu tc h  p la te  m u s t have 
a  h igh  re s is ta n c e  to  f r ic tio n , a n d  y e t  n o t so h a rsh  
as to  c au se  a  fierce a c tio n . The c lu tch  cover m u st 
be p ro o f a g a in s t  p o ro s ity , o therw ise  o il w ill leak , 
which, in  a d d itio n  to  u n c lean liness, will u ltim a te ly  
g ive rise  to  o v e r-liea tin g  of th e  c lu tc h  m echanism . 
T h e  e x h a u s t b ra n ch  m u st be non-porous, an d  free  
from  any  ten d e n cy  to  grow u n d e r  re p e a te d  h e a t
ings. O h a in  w heels m u s t re s is t  ab rasio n , o r th e  
t im in g  g e a r  w ill soon becom e noisy. B ra k e  shoes 
a re  u su a lly  covered  w ith  a  fa b ric , such as Ferodo , 
b u t  m u s t be  s tro n g  to  re s is t  d is to rtio n . L in e rs  fo r 
b ra k e  d ru m s m u s t  h av e  a h ig h  coefficient of fr ic 
tio n , w h ils t th e  w ear d u e  to  ab rasio n  m u s t be 
s lig h t. B e a r in g  c a r r ie r s  h av e  no g r e a t  stresses 
im posed on th em  o th e r  th a n  th ose  due to c o n s ta n t 
h e a t in g  u p  a n d  cooling  dow n a g a in . W hen  
d is ta n c e  p ieces a r e  m ad e  in  c a s t  iron  com pression  
s tre n g th  is necessary . F in a lly , th e re  is cas t iron  
used  as cover p la te s , an d  h e re  no d e fin ite  s tre sses 
a re  se t  u p .

O ast iro n  h as th e  a d v a n ta g e  of b e in g  co m p ara 
tiv e ly  ch eap , a n d  in  m an y  in stan ces the  cost of 
p ro d u c in g  a  c a s tin g  is co n sid erab ly  g re a te r  th a n  
th e  v a lu e  of th e  m a te r ia l  p u t  in to  it.

T he p rin c ip le s  u n d e rly in g  th e  m ou ld in g  of cas t 
iro n  a re  m uch  th e  sam e w h a tev e r th e  ty p e  of c a s t
in g , b u t  to  those  who a re  n o t f a m il ia r  w ith  th e  
p ro d u c tio n  o f au to m o b ile  c y lin d e rs  th e  d e lica te  
a n d  in tr ic a te  n a tu re  o f th e  cores is a  re v e la tio n . 
A c y lin d e r h e ad  m ade  in  th e  R o v e r fo u n d ry  som e 
t im e  ago h a d  31 s e p a ra te  cores, m ost of th em  very  
in tr ic a te ,  y e t  th e  cas tin g  on ly  w eighed 43 lbs. 
when com pleted . I t  is th e i r  p ra c tic e  to  c a s t all 
c y lin d e rs  in  d ry  sa n d  m oulds, an d  o th e r  p a r t s  in  
g reen  sand . T h e  cy lin d e r m oulds a re  ram m ed  u p  
a n d  b lack ed , d r ie d  in  th e  stove d u r in g  th e  n ig h t, 
th e n  cored  and  c a s t th e  follow ing day. W h ere  th e  
q u a n ti ty  w a r ra n ts  th e  in it ia l  expense, th e  ram m in g  
u p  is done on  jo l t  m achines from  iron  p a tte rn s .  
In  th e  case of air-cooled  cy lin d ers  a b ra ss  p a t te rn  
a n d  s tr ip p in g  p la te  is used  on a  ja r - ra m  m achine.
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I t  is n o t p ro p o sed  to  deal w ith  d e ta ils  of m o u ld 
in g  p ra c tic e , b u t  to  co n sider th e  te c h n ic a l an d  
m eta llu rg ica l a sp ec ts  of th e  p ro d u c tio n  o f a u to 
m obile p a r ts ,  an d  th e  e x te n t  to  w hich  science can  
assist.

Melting Aspects.
T he ty p e  of fu rn ac e  a lm o st u n iv e rsa lly  u sed  fo r 

m e ltin g  c a s t  iro n  is th e  cupo la , w hich, a lth o u g h  i t  
has no p ee r as to  low cost o f p ro d u c tio n  a n d  flexi
b ili ty  of o u tp u t ,  is su b je c t  to  c e r ta in  se rio u s  d is
ad v an tag e s . T h ere  is a lw ays an  in c re ase  in  th e  
su lp h u r-c o n te n t o f th e  iro n  a f te r  m e l t in g ;  an d  
un less th e  cu p o la  p ra c tic e  is closely c o n tro lled  
g rav e  i r re g u la r i t ie s  in  com position  a r e  possible. 
A q u ite  re c e n t  d ev e lo p m en t is th e  re fin in g  in  an  
e lectric  fu rn a c e  o f m o lten  iro n  fro m  th e  cupola , 
b u t  th e  a u th o r  h a s  h a d  no p ra c t ic a l  ex p erien ce  of 
th is  p rocess a t  p re sen t.

Entrance of Sulphur.
T he m e ta llu rg ic a l fu n c tio n s  of th e  cu p o la  a re  

faiirly well defined, a n d  a  c e r ta in  w e ig h t of c a s t  
iro n  re q u ire s  a  d e fin ite  n u m b er o f B .T h .U . to  m elt 
i t  a n d  g iv e  i t  th e  c o rre c t  d eg ree  o f su p e rh ea t. 
T hese B .T h .U .s  a r e  o b ta in e d  by th e  co m b u stio n  o f 
coke in  a  defined vo lum e o f a ir ,  a n d  h e re in  lies 
one  o f th e  m an y  d ifficu lties. Coke, as su p p lied  to  
th e  fo u n d rie s , is  a  v e ry  v a r ia b le  ite m . A  good 
cu p o la  coke shou ld  c o n ta in  a t  le a s t 88 p e r  c e n t,  
fixed c a rb o n , n o t  m ore  th a n  10 p e r  cen t, a sh  a n d  
0.8 p e r  cen t, su lp h u r . T h e  re aso n  iro n  g a in s  in  
su lp h u r  is  easily  seen. On a n  a v e ra g e  i t  re q u ire s  
100 lbs. coke to  m e lt  700 lbs. iro n . T h a t  100 lbs. 
coke, on a  n o rm a l an a ly sis , c o n ta in s  0 .8  lb. su l
p h u r . A ssum ing  t h a t  on ly  25 p e r  cen t, o f th e  to ta l  
su lp h u r  is absorbed  by t ile  iro n , a n d  th e  re m a in d e r  
e ith e r  passes in to  th e  slag  o r  is v o la tilise d  off w ith  
th e  ch im ney  gases, i t  follow s t h a t  0.2 lb. su lp h u r  
is abso rbed  by 700 lbs. iro n , g iv in g  a n  in c re a se  of 
0.03 p e r  cen t, in  th e  su lp h u r  c o n te n t  of th e  iro n . 
As i t  is  q u ite  possib le t h a t  a  h ig h e r  p e rc e n ta g e  
of th e  av a ilab le  su lp h u r  is  ab so rb ed , an d  a  coke 
w ith  a  su lp h u r  c o n te n t as low as 0.8 p e r  cen t, is 
a n  ex ce p tio n a lly  good q u a lity , i t  is w ith in  th e  
bou n d s o f o rd in a ry  p ra c tic e  to  c h a rg e  in to  th e  
cu p o la  a n  iron  w ith  an  a v e ra g e  o f 0.08 p e r  c en t, 
su lp h u r, a n d  ta p  o u t  iro n  c o n ta in in g  0 .15  p e r 
cen t, su lp h u r . In  a d d it io n  to  v a r ia tio n s  in  com 
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p o sitio n , coke v a rie s  considerab ly  in  physical 
p ro p e rtie s . I t  shou ld  be  h a rd  an d  stro n g ly  
re s is ta n t  to  c ru sh in g , o th erw ise  th e  w eigh t of th e  
v a rio u s  ch arg es in  th e  cupo la  will te n d  to  pow der 
th e  coke, w ith  th e  re s u l t  t h a t  m e ltin g  w ill be  slow 
a n d  th e  m eta l n o t sufficiently  su p e rh ea ted . T he 
coke should  be  fa ir ly  p o rous, as if  too  c lose-grained  
i t  w ill n o t b u r n  free ly  an d  evenly.

Pressure and Volume of Air.
T h e  p re ssu re  a n d  volum e of a ir  supp lied  to  th e  

cupo la  is an  im p o r ta n t  item , volum e be ing  equally  
as im p o r ta n t  as p re ssu re . I f  th e  p re ssu re  is h igh , 
u n ev en  m e ltin g  w ill re su lt, an d  th e  m e ta l in  th e  
c e n tre  p o r tio n  o f th e  cupola  w ill m e lt be fo re  t h a t  
a t  th e  sides. I f  th e  p re ssu re  is too  low, th e  sides 
on ly  w ill m elt, an d  u n m elted  p ig  an d  scrap  will 
descend in  th e  c en tre .

I f  th e  vo lum e of a ir  su p p lied  is insufficient, 
m e ltin g  will be slow a n d  th e  m e ta l cold. I f  th e  
v o lum e of a ir  is  m uch  g re a te r  th a n  t h a t  necessary  
fo r  th e  com ple te  com bustion  o f th e  coke in  th e  
m e ltin g  zone, th e  iro n  w ill m elt r a p id ly  a n d  ho t, 
b u t  a  d a n g e r  o f o x id a tio n  is p re se n t. I n  con
n e c tio n  w ith  th is  p o in t th e re  is considerab le  
d iv e rs ity  o f o p in io n , some a u th o r i t ie s  s ta t in g  th a t  
th e  p resen ce  of ox ide  in  iro n  is a  m y th .

Tuyeres.
T he sh ap e  a n d  a re a  o f th e  tu y e re s  h av e  an  im 

p o r ta n t  b e a r in g  on m eltin g , a n d  th e  a re a  o f tho- 
tu y e re s  should  b e a r  a d e fin ite  re la tio n  to  th e  cross- 
sec tio n  a re a  o f th e  cupola . I t  is g en era lly  accep ted  
t h a t  th e  to ta l  tu y e re  a re a  should  be  from  one-fifth  
to  o n e -e ig h th  of th e  cross-section  a re a  of th e  
cupola , th e  la rg e r  tu y e re  a re a  b e in g  f o r  sm all 
cupolas, a n d  th e  r a tio  d ec reas in g  as th e  d ia m e te r  
of th e  cupo la  increases.

Bed Coke.
I t  is u su a lly  la id  dow n in  p ra c tic e  t h a t  th e  bed 

coke should  e x te n d  fro m  18 in . to  24 in . above 
th e  to p  tu y e re s . I f  in  an y  d o u b t as to  th e  co rrec t 
h e ig h t, th e  sa fe s t course to  ad o p t is to  ta k e  th e  
tim e  w hich elapses a f te r  p u t t in g  on th e  w ind for 
m e ta l a c tu a lly  to  flow from  th e  ta p  hole. T h is 
tim e  should be n o t  less th a n  8 m in . n o r m ore th a n
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12 m in ., b u t  i t  is necessa ry  to  be  su re  t h a t  th e  bed  
coke h a d  b u rn ed  th ro u g h  be fo re  b low ing com 
m enced. T h e  a m o u n t of coke on th e  bed shou ld  be 
a d ju s te d  u n t i l  th e  f irs t  m e ta l m e lts  w ith in  th ese  
tim es.

Weight of Iron Charges.
A n im p o r ta n t  ite m  is th e  w e ig h t o f  iro n  p e r  

ch arg e , a n d  th e  r a t io  be tw een  th e  w e ig h ts  of iro n  
a n d  coke p e r  ch arg e . I t  is obv ious t h a t  th e  w e ig h ts  
a re  g o v ern ed  by  th e  in te r n a l  d ia m e te r  o f  th e  f u r 
n ace . I t  h a s  been d e m o n s tra te d  t h a t ,  w hen  th e  
cu p o la  is w o rk in g  to  th e  b e s t a d v a n ta g e , th e  bed 
coke is  re d u ce d  in  d e p th  fro m  4 in . to  5 in . fo r  
each  c h a rg e  o f iro n , a n d  th is  loss of coke h a s  to  be  
rep laced  each  t im e  a  f re sh  c h a rg e  o f iro n  is  fed  
in to  th e  furnacfe. T he p ra c t ic e  th e  R o v e r  Com
p a n y  u su a lly  a d o p t is f irs t to  find  th e  w e ig h t of 
coke re q u ire d  to  fill a  sp ace  e q u iv a le n t  to  th e  
in sid e  d ia m e te r  of th e  cu p o la  by 5 in . d eep , an d  
use  th is  a m o u n t of coke be tw een  each  ch arg e  of 
iro n . T he w e ig h t o f  iro n  p e r  c h a rg e  c an  now  be 
c a lcu la te d , b e a r in g  in  m in d  th e  ty p e  o f i ro n  to  be 
m elted , th e  size of th e  p igs, an d  th e  a m o u n t of 
s u p e rh e a t  re q u ire d . F o r  c y lin d e r  w ork  th e  a u th o r  
ta k e s  th is  w e ig h t as seven tim e s  th e  w e ig h t o f th e  
coke ch arg e . T ra n s la te d  in to  d e fin ite  figures, on  
one cu p o la  l j  cw t. of coke is used  fo r  e v e ry  8 cw t. 
o f iron .

Patching the Cupola.
I t  is necessa ry  e ach  d a y  to  p a tc h  u p  th e  cupola  

l in in g  w ith  g a n is te r  a f te r  c h ip p in g  off ex cres
cences of iro n  a n d  slag . T h is  p a tc h in g  m u s t  be 
done w ith  c a re  an d  d isc re tio n , o r  th e  g a n is te r  is 
liab le  to  flake off a n d  im pede  th e  m eltin g .

Coke, Flux and Iron.
A tte n tio n  m u s t be g iv en  to  th e  m eth o d  of 

c h a rg in g  coke, flux, a n d  iro n . T h e  flux  m ost com 
m only  used  is  lim esto n e , a n d  th e  a u th o r  p re fe rs  
to  c h arg e  th is  on  to p  o f th e  coke, th o u g h  som e 
ch arg e  on  to p  of th e  iro n . T h e  a m o u n t o f  lim e
s to n e  used  m u s t b e a r  som e re la tio n  to  th e  ash  con
te n t  o f th e  coke, a n d  th e  a m o u n t of s a n d  a d h e rin g  
to  th e  p ig  a n d  sc rap  in  th e  ch arg e . T he slag  
fo rm ed  h as a  decided  effect on  th e  p h y sica l p ro 
p e r tie s  of th e  iro n  w hen  m elted , a n d  sh o u ld  h a v e  
a  re fin in g  influence.

T he r a te  a t  w hich  th e  m e ta l is ta p p e d  o u t  is im 
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p o r ta n t ,  an d  i t  should  be th e  a im  of th e  cupola- 
m an  to  t im e  h is ta p p in g  o u t  to  co incide  w ith  th e  
com ple te  m e ltin g  o f a ch arg e .

T h ere  a r e  m an y  d ifficu lties in  th e  w ay of g e tt in g  
good m e ltin g  re su lts , b u t  i t  m u s t n o t be im ag in ed  
t h a t  th ese  d ifficulties a re  in su p e rab le . T he la rg e  
n u m b er of cupolas in  d a ily  use, w ith  good resu lts , 
n e g a tiv e  th is  id ea , b u t  w a tch fu ln ess, care , a n d  an  
in te l l ig e n t  a p p re c ia tio n  o f th e  m e ta llu rg ic a l p ro 
cesses involved  a re  v e ry  n ecessary  to  o b ta in  ho t, 
c lean  iro n . T he m e ltin g  o f iro n  in  th e  cupo la  is 
n o t th e  sim ple  o p e ra tio n  i t  a p p e a rs  to  th e  casual 
observer. A t p re se n t no o th e r  system  can  com
p a re  w ith  i t  on  a  basis of cost o f o u tp u t, a n d  u n til  
som e o th e r  m ethod , equ ally  as cheap  a n d  flexible, 
b u t  m ore  foo l-proof, is  devised, d e sp ite  i ts  d ra w 
backs, th e  cupo la  w ill re m a in  th e  u n iv e rsa l m eltin g  
u n i t  fo r  c a s t iro n .

Testing Cast Iron.
In  th e  te s tin g  of c a s t  iro n  th e  u su a l te s ts  speci

fied a re  tra n s v e rse  o r  ten s ile  te s t .  U seful a s  such 
te s ts  m ay  be  fo r som e purposes, th e y  a re  of no 
p ra c tic a l v a lu e  in  an  au to m o b ile  fo u n d ry . N e ith e r 
tra n s v e rse  n o r  ten s ile  te s t  g iv e  an y  in d ic a tio n  o f  
th e  p ro b ab le  life  o f a  c y lin d e r, n o r, fo r  t h a t  
m a t te r ,  o f a n y  o th e r  c a s tin g . A t th e  v ery  u tm o s t 
th ey  o n ly  g ive a n  in d ic a tio n  o f th e  class of iro n  
used. T he ten s ile  s t re n g th  of cas t iro n  is a  fu n c 
t io n  of th e  size o f th e  te s t  p iece. A b a r  J  in . d ia . 
te s te d  “  as-cast ”  w ill g ive a to ta lly  d iffe ren t 
re su lt  fro m  a b a r  1 ir in . d ia . c a s t from  th e  sam e 
sh an k . A tra n sv e rse  b a r , c a s t  sq u a re  o r  re c ta n g u 
la r ,  w ill g ive a  re su lt  d iffe rin g  from  t h a t  of a 
ro u n d  b a r . W h e th e r  “  cas t-o n  ”  o r c a s t  se p a ra te ly , 
th e  a u th o r  considers t e s t  b a rs  a re  of no  p ra c tic a l 
v a lu e  in  m o to r-cy lin d e r w ork. A h ig h  ten s ile  o r 
tra n v e rse  te s t  w ill n o t en su re  a  long-life  cy lin d er. 
F o r  c e r ta in  au tom obile  p a r ts  an  im pact t e s t  m ig h t 
be of som e p ra c tic a l u t i l i ty ,  b u t  th is  te s t  h a s n o t 
y e t been  p ro p e rly  developed in  connection  w ith  
c a s t  iro n . T he F re m o n t te s t ,  recom m ended  a t  th e  
B irm in g h a m  C onv en tio n  by M. R o n ceray , suffers 
fro m  th e  sam e d isab ilitie s  as th e  tra n sv e rse  and  
te n s ile  te s ts ,  in  t h a t  i t  only  in d ic a te s  th e  class of 
iro n  o f w hich  th e  ca s tin g  is com posed.

T he m ech an ica l te s t  w hich  can  be  m ost usefu lly  
a p p lied  to  m o to r cy lin d e rs  is th e  B rin e ll h a rd 
ness t e s t ;  a n d  th is  h a s i ts  l im ita tio n s . Used
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sp asm odica lly  i t  is valueless, b u t  u sed  re g u la r ly  oil 
th e  sam e ty p e  of c a s tin g  i t  w ill g ive  som e in d ic a 
t io n  o f th e  u se fu l l ife  of t h a t  c a s tin g . T h a t  is 
to  say , w h en  one p a r t ic u la r  c y lin d e r  p a t t e r n  is 
re g u la r ly  p ro d u ced , as a  r e p e t i t io n  jo b , if  th e  
B rin e ll h a rd n e ss  is ta k e n  d a ily  on  a  c e r ta in  sec
t io n  o f t h a t  c y lin d e r, th e  re a d in g s  so o b ta in e d  
w ill be  o f v a lu e  in  d e te rm in in g  w h e th e r  th e  c a s t
in g  w ill co n fo rm  to  th e  s ta n d a r d  w hich  h a s  been  
a d o p te d . T h is s ta n d a rd  c a n  on ly  be d ec id ed  upon  
a f te r  a  le n g th y  p ra c t ic a l  e x p e rien c e  o f th e  p a r t i 
c u la r  c a s tin g  u n d e r  rev iew . To e la b o ra te  th is ,  th e  
R o v e r C om pany  h a s  fo u n d  t h a t  if  th e  B rin e ll 
h a rd n e ss  ta k e n  o n  a  c e r ta in  a re a  o f th e i r  14-h .p . 
c y lin d e r  is less th a n  175, u n d u e  w e a r  is lik e ly  to  
ta k e  p lace. T he f ig u re  so u g h t fo r  lie s  be tw een  
200 a n d  220. They h a v e  also fo u n d  by  e x p e r i
ence t h a t  if  th e  B rin e ll  N o. is ov er 240, d ifficu lties  
a re  e n c o u n te re d  in  m ac h in in g . T he a u th o r  h a s  
lis te n e d  a t  d iffe re n t tim e s  to  m u ch  ad v erse  
c ritic ism  of th e  B rin e ll  te s t ,  b u t  h e  is  conv inced  
th a t ,  u sed  co n sis ten tly  a n d  in te l lig e n tly  o n  r e p e t i 
t io n  p ro d u c tio n , i t  is o f  som e c o n sid e rab le  se rv ice . 
I t  h a s  th e  a d v a n ta g e  o f b e in g  ch eap , does n o t  spoil 
th e  c a s tin g , a n d  re su lts  a re  q u ick ly  a r r iv e d  a t .  
H en ce  th e  a u th o r ’s p ra c t ic e  is  to  c a s t  on  all 
cy lin d e rs  a  sm all te s t  p iece  of s ta n d a rd is e d  d im en 
sions, w hich  is  ra m m e d  u p  a n d  d r ie d  a s  an  
in te g ra l  p a r t  o f th e  m ould . On th e  m o rn in g  
fo llow ing c a s tin g , these' t e s t  p ieces a re  k n o ck ed  off, 
a n d  a  n u m b e r  of th e m  te s te d  to  see if  th e y  come 
w ith in  th e  ra n g e  o f B rin e ll  n u m b ers  h e  h as 
ad o p te d  as s ta n d a rd .  A n y  se rio u s d isc rep a n cy  c a n  
be im m ed ia te ly  in v e s tig a te d , a n d  i f  n ecessa ry , a n  
a l te ra t io n  m ad e  in  th e  iro n  m ix tu re .

Chemical Analyses.
T a b l e  I . — A n a ly ses o f  C ast I r o n  T a k e n  fro m  T h ree  

D iffe re n t P a r ts  o f th e  S a m e  C y lin d er.
F o o t. B a rre l .  J a c k e t .

P e r  C e n t. P e r  C e n t. P e r  c e n t.
T .C ........................  3.53 3.58 3.52
C .C ...........................  0.73 0.83 0.90
G r   2.80 2.75 2.62
S i............................... 1.34 1.36 1.38
S   0 .12  0.12 0.12
P ................................  0.59 0.58 0.59
M n   0.74 0.75 0.77
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T h e  R o v e r C om pany  re g u la r ly  ta k e s  analyses of 
th e  c y lin d e r  iro n , a n d  if  p ro p e rly  in te rp re te d ,  
th e se  afford a c e r ta in  am o u n t o f u se fu l in fo rm a 
tio n . T he com position  of c a s t  iro n  fo r cy linders 
is a  v ery  o pen  q u es tio n , a n d  w ith  o u r p re se n t 
know ledge i t  is fo lly  to  d o gm atise . I t  is possible 
fo r  tw o iro n s to  hav e  p ra c tic a lly  id en tica l 
an a ly ses y e t  to ta l ly  d iffe re n t p ro p e rtie s .

M o st e n g in e e rs  d em an d  a  h a rd  su rface  in  th e  
bore of th e  cy lin d e r. To th e  a u th o r ’s m in d  th is  
is  q u i te  a  m is ta k e . The bore  is u su a lly  th e  
th ic k e s t  sec tio n  o f a cy lin d e r, an d  hence is so fte r 
th a n  th e  w a te r  ja c k e ts  a n d  valve p o rts . R e v e rt
in g  to  B rin e ll h a rd n ess , a lth o u g h  th e  te s t  piece 
m ay  give a  re a d in g  of 210, th e  bore m ay be only  
150 o r 160. To o b ta in  a  h a rd  m e ta l in  th e  bore, 
i t  w ill be fo u n d  t h a t  th e  w a te r  ja c k e ts , valve 
p o r ts  a n d  se a tin g s  w ill be m uch  h a rd e r , and  o ften  
b o rd e r  on  w h ite  iro n . To overcom e th is  tro u b le  
some fo u n d e rs  use  a so ft iro n  a n d  chill th e  bores. 
T h e  use of ch ills  in  cas t iro n  is alw ays to  be 
d e p rec a te d , as th e y  o f te n  cause  tro u b le  from  blow
ing  an d  m is-p lacem en t. T h a t  th e re  is n o t a  very  
g re a t  d ifference  in  th e  an a ly sis  o f th e  iro n  in 
d iffe re n t p a r ts  of th e  sam e cy lin d e r is i llu s tra te d  
in  T able I .  T h is gives th e  an a ly sis  of th e  iron  
from  th e  th ic k  fo o t, from  th e  b a rre l ,  a n d  from  th e  
th in n e s t  sec tion  of th e  w a te r  ja c k e t. These 
figures a re  ty p ic a l o f m an y  te s ts .  As m ig h t be 
ex p ec ted , th e  on ly  d ifference  is in  th e  com bined 
c a rb o n  a n d  g ra p h ite  c o n te n t.

I f  th e  fu n c tio n s  o f a  cy lin d e r bore  a re  care fu lly  
co n sidered , i t  w ill be recogn ised  t h a t  i t  is a b e a r
in g , an d  as such should  n o t be g lass h a rd . To 
o p e ra te  as a  b e a r in g , th e  m a te r ia l  should  be so ft 
b u t  to u g h , if  to u g h n ess  m ay  be a d m itte d  as a 
p ro p e r ty  of cas t iro n . Too o f te n  w ear on  a 
cy lin d e r b o re  is d ue  to  in c o rre c t p is to n -r in g  
d esign , o r  inefficient lu b ric a tio n , an d  to  rem edy  
a  d e fec t in design  h a rd e r  cy lin d er bores a re  called  
fo r . T he physical fo rm  a n d  d is tr ib u tio n  o f th e  
g ra p h ite  m ain ly  d e te rm in e s  th e  life  of a cy lin d er. 
I t  is n o t  suggested  t h a t  any  so ft iron  is su itab le  
fo r cy lin d er bores. An ideal m a te r ia l  fo r cy lin 
d e r  cas tin g s  w ould p ro b ab ly  be one c o n ta in in g  a 
h igh  to ta l  carb o n  an d  low phosphorus. A to ta l  
carbon  o f 3.6 p e r c e n t.,  w ith  a p h osphorus con
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t e n t  o f less th a n  0.2 p e r  c e n t.,  u n d o u b te d ly  w ill 
g iv e . a lo ng-life  c y lin d e r, w h e th e r  o f  th e  w a te r-  
cooled o r a ir-coo led  ty p e . T h ere  a re  c e r ta in  diffi
c u ltie s  in  th e  w ay  o f c a s tin g , a n d  a  co n sid erab le  
deg ree  o f s u p e rh e a t  in  m e ltin g  is  e sse n tia l, b u t  
once th ese  d ifficu lties a re  overcom e, ex ce llen t 
re su lts  in  use  a re  possible. F o r  a n  a ir-coo led  
c y lin d e r to  g ive  th e  b est re su l ts  in  use  a  v e ry  low- 
p h o sp h o ru s c o n te n t  is m ost d e s irab le . P h o sp h o ru s  
p ro m o tes f lu id ity , w hich  is  e sse n tia l fo r  c a s tin g  
air-cooled  cy lin d e rs  in  o rd e r  t h a t  th e  th in  r a d ia 
to r  fins will r u n  u p  s h a r p ly ; b u t  th e  sam e o r  a 
g r e a te r  deg ree  o f f lu id ity  is possible w ith  a  low- 
p h o sp h o ru s iro n , p ro v id ed  th e  r i g h t  a m o u n t of 
su p e rh e a t  is o b ta in e d .

Composition of Automobile Cylinders.
T he c o rre c t com position  fo r an  au to m o b ile  cy lin 

d e r  is a  v e ry  d e b a tab le  p o in t,  a n d  consid erab le  
re se a rc h  w ork  re m a in s  to  b e  done. S u ch  an  
in v e s tig a tio n , i f  c a r r ie d  o u t  by  on e  o f th e  reco g 
n ised  re sea rc h  asso c ia tio n s, w ould y ie ld  in fo rm a 
t io n  of p r im e  im p o rta n ce  to  th e  au to m o b ile  
fo u n d ry  t r a d e .

T h e  coo ling  c u rv es  of c a s t  iro n  va,ry w ith  
d iffe re n t com positions. R e c e n tly  Sm alley  h as 
show n t h a t  on  a  D iesel e n g in e  c y lin d e r iro n , so lid i
fica tion  com m ences a t  a p p ro x im a te ly  1,240 deg . C. 
a n d  is co m p le te  a t  1,160 deg. C ., w h e reas  w ith  a 
locom otive c y lin d e r iro n  so lid ifica tio n  com m ences 
a t  1,231 deg. C. a n d  c o n tin u e s  to  935 deg. C. T h e  
f re e z in g  ra n g e  o f  th e  fo rm e r  is 80 deg . C ., and  
of th e  l a t t e r  296 deg. C. I n  c y lin d e r  w o rk  i t  is 
e m in e n tly  d e s irab le  to  u se  th o se  iro n s  w hich  h av e  
th e  sh o rte s t  cooling  ra n g e , o th e rw ise  p a r ts  of th e  
c a s tin g  a re  a  long  tim e  in  s e t tin g , d u r in g  w hich  
tim e  c e r ta in  c o n s t itu e n ts  a re  th ro w n  o u t  o f so lu
tio n  w ith  th e  fo rm a tio n  o f d i r ty  p a tc h e s  an d  
sponginess.

I n  d ec id in g  on  m ix tu re s  fo r  cy lin d e r cas tin g s , 
m any  fa c to rs  h av e  to  be ta k e n  in to  c o n s id e ra tio n . 
T he a m o u n t o f to ta l  c a rb o n , th e  r e la tio n  b e tw een  
th e  g ra p h ite  a n d  com bined  c a rb o n  c o n te n ts , th e  
form  in  w hich th e  g ra p h ite  is p re s e n t  in  th e  c a s t
ing , th e  p h o sp h o ru s an d  silicon c o n te n t ,  a n d  in  
a  less deg ree  o f im p o rta n ce , th e  p e rc e n ta g e  o f su l
p h u r  a n d  m an g an ese , all d em an d  a tte n tio n .



In  co n n ec tio n  w ith  th e  com position  o f cy lin d er 
n o n , th e  a u th o r  h ad  th e  o p p o r tu n ity , som e tim e  
ago, o f  m ak in g  an  an a ly sis  of a c y lin d e r iron  
w hich h a d  been  c a s t  in  1840. N eedless to  say , th is  
was n o t  a n  au tom obile  cy lin d e r. T h e  to ta l  carbon  
was 3.52 p e r  c en t., w ith  a  com bined carb o n  of 0.70 
p e r cen t. S ilicon w as 2.15 p e r  c en t., su lp h u r  only 
0.02 p e r  c e n t .,  a n d  b o th  th e  p h o sp h o ru s an d  m a n 
gan ese  w ere  fa ir ly  h ig h , b e in g  1.18 a n d  1.14 
resp ec tiv e ly . T h is c y lin d e r h a d  been in  re g u la r
d a ily  w ork  fo r  71 y ea rs .

The R o v e r fo u n d ry  h a s  been  c a s tin g  cy linders 
since  1906. D u r in g  t h a t  tim e  th e y  hav e  h ad  
o p p o r tu n it ie s  of see ing  how c e r ta in  c y lin d e r c a s t
ings s ta n d  u p  to  th e ir  w ork, an d  th e i r  len g th  of 
serv ice. E v en  now, a f te r  18 y e a rs ’ ex p erien ce  of 
au to m o b ile  fo u n d ry  t r a d e ,  th e  a u th o r  is u n ab le  
to offer an y  p a r t ic u la r  com position  as b e in g  defi
n ite ly  th e  best. T h e  C om pany  h a s  v a r ie d  th e  
com position  from  tim e  to  tim e , in  a d d itio n  to  th e  
sm all v a r ia tio n s  w hich  n a tu ra lly  o ccu r from  week 
to  week.

No d efin ite  l im its  in  th e  c o n s t itu e n ts  can  be la id  
dow n, b u t  t h a t  success d ep en d s on  th e  b a lan ce  of 
th e  c o n s t itu e n ts  o n e  w ith  th e  o th e r , in  o rd e r 
t h a t  th e  cooling ra n g e  m ay  be sh o rt. P ro b ab ly  if 
th e  phosp h o ru s c o n te n t is low i t  is an  a d v a n ta g e  
to  h av e  th e  to ta l  c a rb o n  h ig h . W ith  a  h ig h  phos
p h o ru s  c o n te n t  (a n d  m an y  of th e  specia l b ra n d s  of 
iro n  sold fo r cy lin d e r w ork  c o n ta in  u p  to  1.4 p e r  
c en t, phosphorus), a  low to ta l  c a rb o n  is p re fe r 
able. T h is m u st o n ly  be ta k e n  as a n  expression  
of op in io n . C onsiderable  im p o rta n ce  is a tta c h e d  
to  th e  su lp h u r  c o n te n t, a n d  a lm ost c e r ta in ly  th is  
e lem en t h a s  too  o f te n  been  g iven  u n d u e  p ro m in 
ence. T he a u th o r  h a s fa iled  to  find a n y  d e tr i 
m e n ta l  effect w ith  su lp h u r  u p  to  0.14 p e r  c en t., 
b u t  above th is  am o u n t th e re  is an  in c re a s in g  te n 
dency  to  fo rm  gas ho les u n d e r  th e  sk in , c au s in g  
th e  c a s tin g  to  be re je c te d  a f te r  m ach in in g . As 
p rev io u sly  m en tio n ed , su lp h u r in  c a s t iro n  is in 
c reased  b y  cu p o la  m e lt in g ;  u n t i l  th e re  is a  b e tte r  
a l te rn a t iv e  to  th e  cupo la , su lp h u r  w ill c o n tin u e  
to  be a  c e r ta in  a m o u n t o f tro u b le .

T h e  c a s tin g  o f cy lin d ers  is a  v ery  troub lesom e 
job, a n d  c a re  in  ev ery  o p e ra tio n  o f m ould ing , 
co re-m ak in g , m eltin g , an d  p o u rin g  is e ssen tia l to
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o b ta in  good re su lts . H ow ever su ita b le  th e  com
p o sitio n  o f th e  m e ta l m ay  be, care lessn ess  in  p ro 
d u c tio n  w ill o n ly  r e s u l t  in  d e fec tiv e  c a s tin g s .

C y lin d e r-h ead  c a s tin g s , w h ils t n o t  a lw ays so 
in tr ic a te  as cy lin d e r bodies, d em an d  th e  sam e 
a t te n tio n  to  d e ta i l.  T h e  te n d e n c y  o f m o d ern  
d esign  is now  in  th e  d ire c tio n  o f f a i r ly  sim ple  
c y lin d e r body cas tin g s , a n d  ex ceed ing ly  co m p lica ted  
h e ad  cas tin g s . T h is ap p lies  m ore  p a r t ic u la r ly  to  
en g in es w ith  o v e rh ead  va lves. Som e o f th e  
c y lin d e r-h ead  p a t te rn s  rece iv ed  d u r in g  th e  p a s t  
few  m o n th s  h av e  been  v e r ita b le  w orks o f a r t .  
F o u n d ry  w ork  in  c o n n ec tio n  w ith  th e  m o to r t r a d e  
is becom ing  m o re  a n d  m ore  d ifficult, a n d  th e  tim e  
is r ip e  fo r t h a t  close c o -o p era tio n  w ith  th e  
desig n er d esired  by th e  m odern  fo u n d ry m an .

A fte r  f e tt l in g  a n d  sa n d -b la s tin g , c y lin d e r  c a s t
in g s a re  te s te d  in  th e  ro u g h  fo r  freed o m  from  
p o ro s ity . T h is  o p e ra t io n  is u su a lly  c a r r ie d  o u t  on 
a  sm all h y d ra u lic  p u m p  a t  50-lbs. p re ssu re . Any 
in d ic a tio n s  o f  leak ag e  a re  c a re fu lly  ex am in ed . I f  
th e  leak  is v e ry  s lig h t, th e  p re ssu re  is m a in ta in e d  
fo r  som e m in u te s , th e  c a s tin g  rem oved , allow ed to  
s ta n d  fo r  severa l days, a n d  a g a in  te s te d . I n  m an y  
in s ta n c e s  a ll signs o f  le a k ag e  w ill d isa p p e a r . 
C a stin g s  w hich p ass  th is  te s t  a re  se n t in to  th e  
m ach in e  shop, w here, a f te r  b e in g  fin ished- 
m ach in ed , th e y  a re  a g a in  te s te d  a t  50-lbs. w a te r  
p re ssu re . C y lin d e r c a s tin g s  a f te r  m ac h in in g  m u st 
be e n tire ly  f re e  from  blowholes, p o ro u s p a tc h es , or 
m ark s  o f a n y  d e sc rip tio n  in  th e  bores, on  valve- 
sea ts , an d  on jo in t-fa ce s . T he w a te r  spaces m u s t 
be c le a re d  from  san d  a n d  w ires, a n d  “ flash ”  
be tw een  th e  jo in ts  o f th e  cores e lim in a te d . T h is 
l a t t e r  is o f te n  an  aw k w ard  job  to  com ple te  in  th e  
ro u g h  c as tin g , a n d  m ay , w ith  a d v a n ta g e , be 
fin ished  a f te r  th e  c a s tin g  is m ach in ed . T h e  core 
holes a n d  w a te r  co n n ec tio n s a re  u su a lly  la rg e r  
a f te r  m ach in in g , a n d  i t  is e a s ie r  to  g e t  a  tool 
in side  to  k n ock  o u t  a n y  “ f la sh .”

Pistons and Piston Rings.
T he c a s tin g s  w hich  r a n k  n e x t  in  im p o rta n c e  to  

c y lin d ers  a re  th e  p is to n s  a n d  p is to n  rin g s . Tc 
som e e x te n t  a lu m in iu m  is d isp lac in g  c a s t  iro n  fo r 
p is to n s ; an y  re d u c tio n  in  w e ig h t of re c ip ro c a tin g  
p a r ts  b e in g  v e ry  d es irab le . " A t  th e  sam e tim e ,

i
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q u ite  a  la rg e  n u m b er of c a rs  on  th e  ro a d  have  
cas t- iro n  p is to n s  g iv in g  every  sa tis fa c tio n . I t  is 
th e  p ra c tic e  o f th e  R o v er concern  to  c a s t p is to n s 
m  th e  sam e class o f iron  as cy lin d ers . A p iston  
does n o t re q u ire  to  be  h a rd , o therw ise  th e re  is 
a lw ays th e  r is k  o f c rack in g . T h e  d ifference in 
te m p e ra tu re  be tw een  th e  h e ad  an d  s k ir t  d u rin g  
th e  ru n n in g  o f th e  e n g in e  is  fa ir ly  considerab le , 
an d  a lth o u g h  th e re  is n o t  q u ite  th e  sam e action  
as in  D iesel eng in es, a  fa ir ly  low phosp h o ru s iron  
is to  be  p re fe r re d . As a  ru le , p is to n s  do n o t p re 
se n t an y  serious d ifficulties in  ca s tin g , an d  th e  p e r
m issib le ra n g e  o f com position  is w ide. T he c a s t
in g s a re  g e n era lly  te s te d  a f te r  m ac h in in g  fo r 
p o ro sity  w ith  paraffin  an d  o i l;  in  a d d itio n  th e re  
a re  th e  u su a l shop te s ts  fo r  w e ig h t, b a lan ce , and  
c o n ce n tric ity .

T he m a n u fa c tu re  of p is to n  r in g s  is ra p id ly  
becom ing  spec ia lised . So m an y  fa c to rs  t h a t  call 
fo r  spec ia l a tte n tio n  e n te r  in to  th e  p ro d u c tio n  of 
su itab le  c a s tin g s . M ost of th e  s ta n d a rd  sizes of 
rin g s  a re  now  c a s t in  chills in c e n tr ifu g a l 
m ach ines. N o h a rd -a n d -fa s t ru le s  fo r com position  
of th e  fin ished r in g  can  be la id  dow n, as a n  iro n  
t h a t  is su itab le  fo r san d  c a s tin g s  is q u ite  u n su ite d  
to  c e n tr ifu g a l  c a s tin g s . I n  th e  l a t t e r  th e  silicon 
c o n te n t is h igh, g e n era lly  in  th e  ne ighbourhood  of 
4 p e r  c en t., w h ils t in  san d  c a s tin g s  th e  silicon 
ru n s  u n d e r  2 p e r  cen t. T h e  desirab le  p ro p e rty  in 
p is to n  r in g s  is e la s tic ity  ; a p ro p e rty  w hich d e te r 
m ines th e  p re ssu re  o n  th e  w alls of th e  cy lin d er, 
and  a co n sid erab le  a m o u n t of re sea rch  w ork on 
th is  ty p e  o f c a s tin g  h a s  b een  c a r r ie d  o u t. The 
im p o rtan ce  of th e  fu n c tio n s  of p is to n  r in g s  c an n o t 
be o v e r-e s tim a ted , an d  to  th e  p o sitio n  o f th e  r in g s  
on  th e  p is to n , a n d  th é  e la s tic ity  of th e  iro n , a re  
due m u ch  of th e  success o f a n  en g in e .

A w orks t e s t  fo r  p is to n  r in g s  w hich is  ra p id ly  
com ing  in to  fa v o u r  is t h a t  w hich  d e te rm in e s  th e  
p re ssu re  re q u ire d  to  close th e  gap . T h is  te s t  w as 
d ev ised  by th e  B r i tish  P is to n  R in g  Co., who m ake  
a  m ach in e  fo r  th e  pu rp o se . The r in g  to  be  te s te d  
is in se r te d  in  a  fram e  in  which th e  r in g  m akes 
c o n ta c t  a t  th re e  p o in ts , an d  p re ssu re  c an  be 
ap p lied  to  th e  r in g  d iam e trica lly . The p re ssu re  
re q u ire d  to  ju s t  close th e  g ap  is  re a d  on  a  sm all 
p re ssu re  g au g e  o r sp rin g  b a lan ce . Once th e
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m ach in e  is se t fo r  an y  one d ia m e te r  r in g , sev era l 
h u n d re d  c a n  be te s te d  in  a  v e ry  sh o r t  t im e . F o r  
r in g s  f ro m  65 to  90 m m . o u ts id e  d ia m e te r , a  good 
re a d in g  is 8 lbs. p re ssu re . A  r in g  g iv in g  a  re a d 
in g  o f less th a n  6 lbs. p re s su re  w ould be con
s id e red  of low e la s tic ity . A com m on w orkshop  te s t  
fo r  p is to n  r in g s  is to  ho ld  th e  r in g  a t  each  side 
o f th e  slo t, b en d  i t  sidew ays in  o p p o site  d ire c 
tio n s , a n d  see i f  th e r e  is a n y  p e rm a n e n t  se t. T his 
is a  m ost u n f a ir  te s t ,  a n d  one u n d e r  w hich  even 
th e  b e s t p is to n -r in g  iro n  w ill f a il .  I t  is tim e  
such  c ru d e  te s ts  w ere d isc a rd e d  a n d  m ore sc ien 
tific  te s ts  su b s ti tu te d .

Motor Car Flywheels.
A m o to r-c a r flyw heel m ay  a p p e a r  to  be  a  sim ple  

ca s tin g , b u t  i t  p re se n ts  se v e ra l in te re s t in g  m e ta l
lu rg ic a l prob lem s. I t  m ig h t be th o u g h t  t h a t  any  
so r t  o f iro n  w ould be good en o u g h  fo r  th is  c a s t 
ing , b u t  i t s  fu n c tio n s  a re  p e cu lia r ly  v a r ie d . T he 
in sid e  fa ce  o f th e  flyw heel o f te n  se rves th e  p u r 
pose of t r a n s f e r r in g  th e  d riv e  fro m  th e  c ra n k s h a f t  
to  th e  g earb o x  th ro u g h  th e  c lu tc h  p l a t e s ; t h a t  is 
to  say , th e  flyw heel is  p a r t  o f th e ' c lu tc h . I t  is 
th e re fo re  n ecessa ry  t h a t  th e  m a te r ia l  sh o u ld  have  
a  h ig h  co-efificient o f  f r ic t io n , w ith o u t  u n d u e  w ear 
ta k in g  p lace . T he r im  o f th e  flyw heel s to re s  u p  
en erg y , a n d  is su b je c ted  to  s tresses  te n d in g  to  
d is in te g ra tio n . I t  is obv ious t h a t  a s tro n g  iro n  
is e ssen tia l. On th e  E o v e r  c a r  te e th  a re  c u t  on  
th e  o u te r  r im  of th e  flyw heel to  e n g ag e  w ith  th e  
p in io n  of th e  s e l f - s ta r te r ;  on a  stiff e n g in e  th ese  
te e th  m u s t s ta n d  u p  a g a in s t  c o n sid e ra b le  sh e a r
in g  s tre ss . The flyw heel th u s  h a s  th re e  d u tie s  to  
p e rfo rm , each  n e c e s s i ta t in g  so m ew hat d iffe re n t 
p ro p e rtie s . T h e  c a s tin g s  a r e  u su a lly  m ade  from  an  
iro n  c o n ta in in g  a p p ro x im a te ly  T .C .3 .2 ,  silicon  2.0. 
w ith  p h o sp h o ru s a n d  m an g a n ese  each  b e in g  1.0 
p e r  cen t.

Other Castings.
The o n ly  o th e r  c a s tin g s  w hich p re se n t  a n y  p e cu 

l ia r i t ie s  a re  b ra k e  l in e rs  a n d  e x h a u s t  b ra n ch e s . 
T h e  fo rm e r  n eed  to  be  a  m ed iu m  h a rd  iro n , th e  
fu n c tio n  o f th e  b ra k e  l in e r  b e in g  to  develop  f r ic 
tio n a l  p ro p e rt ie s  w hen in  c o n ta c t  w ith  a  fabric  
o r  a n o th e r  m e ta llic  su rfa ce . E x p e rie n c e  h as 
ta u g h t  us t h a t  th e re  is  no d e fin ite  an a ly s is  w hich
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gives th e  b e s t re su lts , as so m uch  d epends on th e  
th ic k n e ss  o f th e  c a s tin g  an d  th e  co n d itio n s u n d e r  
w hich i t  is  c a s t.  As a  g e n e ra l ru le , an  iro n  o f ju s t  
over 3 p e r  cen t, to ta l  carb o n , a n d  silicon in  th e  
n e ig h b o u rh o o d  of 2.25 p e r  cen t, is  so u g h t. I t  is 
exceed in g ly  difficult to  define e x ac tly  th e  len g th  of 
u sefu l life  such a c a s tin g  should  have, as cond i
tio n s  of use v a ry  enorm ously , acco rd in g  as th e  car 
is d r iv en . A v ery  h a rd  iron  would te n d  to  polish  
a n d  n o t  be an  effective b ra k in g  su rfa c e ; a  so ft 
iro n  w ould  g ive ra p id  w ear, n e ce ss ita tin g  freq u e n t 
a d ju s tm e n ts  of th e  b ra k es  a n d  e a rly  ren ew a l of 
th e  l in e r .

E x h a u s t  b ran ch es  re q u ire  to  be fa ir ly  so ft b u t 
c lo se-g ra in ed , an d  n o t  sub jec t to  g ro w th  o r d is to r
t io n  fro m  re p e a te d  h e a tin g  an d  cooling. T he 
re q u ire m e n ts  a re  physica l r a th e r  th a n  chem ical, 
a n d  an y  iro n  in  w hich th e  g ra p h ite  is in  a finely- 
d iv ided  s ta te  should  be su itab le .

T he p a r t ic u la r s  g iv en  in  th is  p a p e r  m ay a p p ea r  
to  be sk e tch y , b u t  is n o t o u r  know ledge of cas t 
iro n  o f a v e ry  sk e tch y  n a tu r e ?  L e t u s  consider 
fo r  a  m o m en t some o f th e  o u ts ta n d in g  problem s. 
W h a t do we know  of th e  a c tu a l  ch an g es involved 
d u r in g  th e  m eltin g  o f iro n  in  th e  cu p o la?

W h a t know ledge hav e  we of th e  a c tio n s  ta k in g  
p lace  in  a  m ou ld  from  th e  t im e  o f p o u rin g  u n til  
th e  c a s tin g  is  cold? W h a t is th e  p recise  effect of 
m ass on  th e  cooling  of c a s t  iro n ?  H ow  l i t t le  we 
know  o f th e  effect of r a te  of cooling, a n d  less still 
o f th e  effect o f r a te  of m e ltin g !  D o we know 
w h a t d ifferences, if  an y , a re  caused  in  physical 
p ro p e rtie s  by  ra p id  m e ltin g  as a g a in s t  slow m elt
in g ?  I s  n o t o u r  know ledge o f th e  effect of cas t
ing  te m p e ra tu re  on  th e  physica l p ro p e rtie s  of 
c a s t iro n  of th e  v a g u es t d e sc rip tio n ?

Do we know  if a n y  d ifferences ex is t in  th e  effec
t iv e  life  of cy lin d ers  du e  to  te m p e ra tu re  of cas t
in g ?  W h a t  is  th e  e x te n t  o f o u r know ledge o f th e  
b a la n ce  o f th e  v a rio u s c o n s titu e n ts  o f c a s t iro n , 
a n d  th e  possib le effect of m in u te  ch an g es in  chem i- - 
cal com position?  W h a t d a ta  have  we on th e  
“ a g e in g  n  of c a s t iro n ?

Do we know  a n y th in g  o f th e  possible changes 
w ro u g h t on  c a s t  iro n  by sa n d  com position , g ra in  
size, re fra c to r in e s s , an d  p e rm e a b ility  of san d ?  
W h a t do we know  o f th e  ch an g es w hich  ta k e  place
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in  th e  m ould  w hen  iro n  is  p a ss in g  from  th e  liq u id  
to  th e  solid  s ta te ,  a n d  th e  d is tu rb a n c e s  possib ly  
c au sed  by local c h ill?  H a v e  we a n y  d e fin ite  
in fo rm a tio n  as to- th e  ch an g es w hich  ta k e  p lace  on  
re p e a te d  m e ltin g s ?  W h a t  know ledge h av e  we as 
to  th e  effect of a tm o sp h e ric  h u m id ity  on  th e  
cu p o la  b la s t?

A re  we ab le  to  s ta te  d e fin ite ly  in  w h a t  m a n n e r  
th e  v a rio u s  c o n s t itu e n ts  a re  sp l i t  u p  o r  com bined 
w hen  c a s t  iro n  is in  th e  m o lte n  s ta te ?  W h a t  is  
th e  e x te n t  o f  o u r  know ledge on  f a t ig u e  o f c a s t 
iro n , du e  to  re p e a te d  v ib ra tio n s  ; o r  th e  in flu en ce  
o f chem ica l a n d  p h y sica l com position  on  fa t ig u e ?  
T hese  a re  b u t  a  t i t h e  o f th e  p rob lem s on  w hich  we 
seek e n lig h te n m e n t. A  calm  su rv e y  o f th e  s i tu a 
t io n  c an  on ly  lead  to  th e  conclusion  th a t ,  in  con
n ec tio n  w ith  th e  physica l a n d  chem ica l p ro p e r t ie s  
o f c a s t  iro n , o u r  ig n o ra n c e  is colossal.
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London and Sheffield Branch.
MOULDING SANDS FOR STEEL CASTINGS.

By A. Rhydderch, B.Sc., Member.

T h e  d a ta  w hich w ill be p re sen te d  in  th is  P a p e r  
r e fe rs  to  m o u ld in g  sa n d s  t h a t  a re  used  in  th e  
m ak in g  of s tee l c a s tin g s  of lig h t, m edium , an d  
h e a v y  sec tions. N a tu ra l ly ,  m an y  o f th e  p rin c ip les  
d iscu ssed  w ill be  ap p licab le  in  v a rio u s  deg rees to  
a ll f e r ro u s  a n d  n o n -fe rro u s  m o u ld in g  sands.

Refractoriness.
T h e  q u estio n  o f re fra c to r in e s s  is f irs t  a n d  fo re 

m ost in  th e  se lec tio n  o f any  su ita b le  fa c in g  san d  
f o r  m ed iu m  a n d  h eav y  w ork  to  be used  in  a  stee l 
fo u n d ry . To re a l is e  th is  th e  c o n d itio n s  u n d e r  
w hich  th ese  sa n d s  a re  u sed  can  h e  p ro fitab ly  
s tu d ied .

T ab le  I  shows th e  m e ltin g  p o in t o f m ed ium  and  
low carb o n  steels, a n d  also t h a t  of m an g an ese  steel.

T a b l e  I .— Steel Foundry Temperature Data.
0.1% carbon steel melts about 1490° C.
0.3% „  „  „  „  1460; C.
Manganese ,, „  ,, 1350° C.

(C 1.2%. Mn. 12%.)

C a s t i n g  T e m p e r a t u r e s .

For M ild and Medium Carbon Steels.
Less than  § in. section . .  . .  1580— 1640° C.

Between § in. and 2 in. , . .  . .  1530—1580° C.
Over 2 in. . .  . .  . .  1500— 1550° C.

These results are the average of m any determinations, 
and were taken with an optical pyrom eter, the observed 
figures being corrected to  true  readings assuming Burgess’ 
emissivity correction.

I t  w ill be n o ticed  t h a t  th e  h ig h es t te m p e ra tu re  
a  fa c in g  san d  h as to  s ta n d  is in  th e  ne ighbourhood  
o f 1650 deg. C ., w hereas th e  low est, e x ce p t in  th e  
case  o f som e alloy steel, is a b o u t 1490 deg. C. Of 
course , th e  c a s tin g  te m p e ra tu re  depends on th e  
stee l u sed  to  a  v e ry  g re a t  e x te n t, a dead -m ild  steel 
re q u ir in g  a h ig h e r  p o u rin g  te m p e ra tu re  th a n  a
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liig h -carbon  o r  a  h ig h -m an g an ese  s teel, such  as 
H a d fie ld ’s “  E r a  ”  m an g an ese  s teel. T h is is 
g o v ern ed  by th e  deg ree  of f lu id ity  a t  a  p a r t ic u la r  
te m p e ra tu re , so as to  en ab le  th e  s tee l to  fill th e  
m ould  w ith o u t cold lap p in g . G en era lly  sp eak in g , 
th is  f lu id ity  is d irec tly  co n n ec ted  w ith  th e  a m o u n t 
of su p e r-h e a t above th e  m e ltin g  p o in t  o f th e  steel 
in  q u estio n , a lth o u g h  v a r io u s  o th e r  fa c to rs  also 
affect th e  f lu id ity  o f steels. F o r  ex am p le , n icke l- 
chrom e steels a n d  silicon s teels a re  v e ry  slugg ish  
even  a t  te m p e ra tu re s  well above th e i r  m e ltin g  
p o in t,  w h ereas m an g an ese  stee l is v e ry  flu id  a t  
1450 deg. C.

F ro m  th e  above i t  w ill be seen  t h a t  th e  re f r a c 
to rin e ss  is of p r im e  im p o rta n c e  in  th e  se lec tion  of 
fa c in g  san d s fo r use  in  stee l c as tin g s .

Raw M aterials fo r Moulds.
T he m a te r ia l  used  in  th e  m a k in g  of m oulds for 

stee l c a s tin g s  c an  be d iv id ed  in to  3 g ro u p s  of 3 
d iv is io n s : F i r s t  o f a ll th e r e  a re  th e  n a tu ra lly -  
bonded  sands, i .e .,  san d s w h ich  c a r ry  th e i r  own 
bond a n d  h av e  suffic ient cohesiveness to  be used 
w ith o u t th e  a d d itio n  of a n y  e x te rn a l  b in d e r, as, 
fo r  ex am p le , th e  B e lg ia n  a n d  C orn ish  sa n d s  an d  
som e of th e  B u n te r  sands, such  as W orksop .

T hen  th e re  a re  th e  sy n th e tic  san d s o r  th e  a r t i 
ficially-bonded sands, w hich  a r e  sim-ply m ad e  by 
m ix in g  a su ita b ly -g ra d e d  h ig h -silic a  s a n d  w ith  a 
r e fra c to ry  fireclay.

T h ird ly , th e re  is w h a t  is com m only  know n as 
“ C om po,”  w hich is u sed  on th e  h eav y -sec tioned  
cas tin g s. T hese a re  g e n e ra lly  m ad e  u p  o f m ix tu re s  
of g a n is te r ,  w e ll-b u rn t fireclay  p o ts , r e to r t  b rick s , 
bonded  w ith  fireclay , a n d  th e i r  ch ie f d ifference  
w hen co m pared  w ith  th e  t r u e  m e lt in g  sa n d s  is a  
q u estio n  o f g ra in  size. Som e of th e  ooarser 
‘ ‘ Com pos ’ ’ a re  co m p arab le  w ith  g ra v e l.

Naturally-Bonded Sand.
On an aly sis, n a tu ra lly -b o n d e d  m o u ld in g  san d s a re  

fo u n d  to  be com posed of g ra in s  of s ilic a  covered  
w ith  a th in  la y e r  o f bond, p a r t  o f  w hich  is of a 
fe rru g in o u s  n a tu r e  a n d  p a r t  o f w h ich  is o f an  
a lu m in o u s n a tu re .  T he m in e ra l a n a ly s is  o f th ese  
san d s rev ea ls  th e  fa c t  t h a t  th e re  a re  p re se n t free  
silica, fold sp a rs , m icas, h y d ra te d  iro n -o x id es, 
an d  clay, a n d  n u m ero u s o th e r  m in e ra ls  in  v ery  
sm all q u a n tit ie s .



U n fo r tu n a te ly , th ese  m in e ra l in tru d e rs  h av e  a 
ve ry  low m e ltin g -p o in t w hen  com pared  w ith  t h a t  
o f silica , a n d  w ill, th e re fo re , h av e  a  v e ry  d e t r i 
m en ta l effect on th e  fusion  of a m e ltin g  sand .

W h en  a  m o u ld in g  san d  is m ixed w ith  som e w a te r  
an d  sh ak en  v igorously , th e n  allow ed to  se ttle , i t  
w ill be n o ticed  t h a t  th e  san d  w ill s e p a ra te  o u t  in to  
th re e  o r  m o re  d is t in c t  layers. T he bo ttom  lay e r, 
on an a ly sis , p roves to  be n e a r ly  p u re  silica, and  
th e  in te rm e d ia te  lay e rs  g ra d u a lly  become lower 
a n d  lo-wer in  silica  u n t i l  th e  fine, flbcculated  m a tte r  
c o n ta in s  an y w h ere  betw een  40 to  55 p e r  cen t, of 
silica.

F ro m  th is  i t  w ill be  seen th a t  th e  im p u rit ie s  in  
a  m ou ld in g  san d  a re  in v a riab ly  fo u n d  in  th e  very  
finest g ra d e , Tvhich is te rm ed  th e  “ c lay -g rade  ”  
acco rd in g  to  P ro fesso r B osw ell’s defin ition .

E xam ination of Clay Grades.
T able  I I  shows a  series of an a ly ses  on th e  clay- 

g ra d es  o f v a rio u s  m o u ld in g  sands. T hese  clay- 
g ra d es  w ere  o b ta in e d  by th e  process of é lu tr ia t io n  
of th ese  sands, as d e ta ile d  in  P ro fesso r Bosw ell’s 
“  M em oir on  R e fra c to ry  S a n d s .”

T a b l e  I I .— Chemical Analysis of Clay Grades of Some 
Natural Sands.

Name 
of sand.

Silica. 

Per cent.

Alumina 

Per cent.

Iron 
oxides. 

Per cent.

Alkalies. Loss on ■ 
ignition.

French
red 44.04 28.06 12.84 0.47 11.94

W orksop 
yellow 53.02 28.36 5.00 1.42 9.54

Worksop 
red . . 53.02 25.59 6.86 2.58 8.70

South 
Cave red 36.16 22.36 22.80 1.14 14.38

South
Cave
yellow 43.98 33.45 14.95 1.67 11.76

H utton
Ambo
middle
seam. 52.62 24.52 7.04 2.03 11.16

Belgian
yellow 55.46 22.22 9.04 0.90 0.20

2c
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I t  w ill be n o te d  t h a t  th e  silica- in  a ll cases is 
v e ry  low ; th e  a lu m in a  v a rie s  fro m  22 to  29 p e r  
c e n t .,  th e  iro n -o x id e  from  5 to  22.8 p e r  c e n t .,  th e  
a lk a lie s  fro m  0.9 to  2.58 p e r  c e n t.,  a n d  th e  loss on 
ig n itio n  from  8.7 to  14.38 p e r  c en t.

I t  w ill be n o ted  t h a t ,  g e n e ra lly  sp e ak in g , th e  
h ig h  loss of ig n itio n  h a s  a  ro u g h  re la tio n  to  th e  
am o u n t of iro n -o x id e  p re se n t, th e re b y  in d ic a tin g  
th e  p re sen ce  of h y d ra te d  iron -ox ides.
T a b l e  I I I .— Analysis of Cornish Bed Sand, Showing 

Variation with Crain Size.

Bulk F.S. c .s . f.s. C.
Analysis. mm. mm. mm. mm.

> .25
< .10

> .10
< .05

> .05 
< .01

>.01

S i0 2 .. 83.89 96.73 92.07 55.34 46.67
A120 3 . . 5.38 1.04 3.02 18.87 20.78

. . 2.31 }  .05 1.25 9.85 12.89
FeO . . 0.18 0.20 0.47 0.41
MaO .. 0.58 0.013 0.17 1.27 1.52
CaO . . 0.48 0.26 0.38 0.95 2.27
N a ,0  . . 0.04 0.08 0.09 0.18 0.40
K „0 . . 2.20 0.38 0.89 2.02 2.29
TiO„ . . — 0.14 , 0.42 0.85 0.85
Loss 0.48 0.63 1.21 10.14 12.29

From  Prof. Boswell’s Memoir.
This shows very clearly how the im purities and less 

refractory  minerals are found in the  finer grades.
Now th is  fine m a te r ia l ,  w h ich  is floccu la ted  in  

th e  t e s t  tu b e  a n d  t h e  a n a ly s is  of w hich  is ty p ic a l 
of w h a t h a s been  show n, e x is ts  in  th e  san d  chiefly 
as a  c o a tin g  of t h e  s ilic a  g ra in s . I n  o th e r  w ords, 
th is  is th e  p a r t  t h a t  g ives th e  sa n d  i ts  cohesiveness 
o r  b in d in g  p ro p e rtie s .

T ab le  I I I  shows th e  se ries of an a ly s is  on  an  
e lu tr ia te d  m o u ld in g  san d ; a n d  b ears  o u t  th e  s ta te 
m en t p rev io u sly  m ad e  t h a t  th e  s ilica  c o n te n t  g ra d u 
ally  g e ts  less as g ra d e  becom es fin er, a n d  th e  im 
p u r i tie s  s im u ltan eo u s ly  in crease .

To te s t  th e  p o in t for re fra c to r in e s s  o f th e  bond, 
a  few  e x p e r im e n ts  w ere  m ad e  to  d e te rm in e  th e  
fu sio n  p o in ts  of th e  bonds o b ta in e d  fro m  well- 
know n fo u n d ry  sands. T he re su lts  o b ta in e d  a re  
shown in  T ab le  IY .

I t  w ill be n o ted  t h a t  in  som e cases th e  f irs t sig n s 
of fu sio n  of th e  p o in t w ere  fo u n d  a t  a v e ry  low
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T a b l e  IV.— Fusion Point Test.

Sand. Grade.
Sintering

temp.
Squatting

tem p. Remarks.

Belgian rod Sand 1520° C. 1040°,C.
Clay 1480û C. 1540 C. Probably on 

the high 
side.

Worksop Sand 1500° C. 1040° C. —

red Clay 1340°C. 1520° C. —

French red Sand 1440° C. 1575° C. —

Clay 1380° C. 1465° c . —  -
Mansfield Sand 1500° C. 1020° C. ■—

red Clay 1240° C. 1300° C. /  
1320° C.

(i) R ate  of heating was 105 C. per m inute ; (ii) The 
sand grade was all passed through 80 mesh ; (iii) Clay 
grade obtained by sedimentation, and (iv) Atmosphere 
reducing.
te m p e ra tu re ,  w hereas in  B e lg ian  sands th e  bond 
w as a lm ost as re fra c to ry  as th e  m o u ld in g  sand  
itse lf. W h a t does th is  m ean ?  I t  sim ply  shows 
how im p o r ta n t  i t  is  to  e x am in e  se p a ra te ly  th e  
bond of th ese  n a tu ra lly -b o n d e d  m eltin g  sands, as 
a p a r t  from  a  p u re  m e ltin g -p o in t d e te rm in a tio n . 
B ecause even  a s  low as 1280 deg. O. M ansfield sand  
shows sig n s of fu sio n , a n d  th is  w ill re su lt  in  a 
re ac tio n  on  th e  silica  g ra in s , p ro d u c in g  a fused- 
m ass fo r  w hich  th e  f e tt l in g  shop w ill h a v e  to  p ay  
heav ily  w hen  th e  cas tin g s  a r riv e  th e re .

These re m a rk s  ap p ly  to  th e  m edium -sized  steel 
c as tin g s  t h a t  a re  m ade  in  n a tu ra lly -b o n d e d  m ould
in g  sands. I n  d ea lin g  w ith  v e ry  th in -sec tio n ed  
cas tin g s, g en era lly  cas t in  g reen  sand , th e  question  
of re fra c to r in e s s  is p ro b ab ly  n o t  n e a r ly  of such 
v i ta l  im p o rtan ce , because  th e  cooling is so 
ex trem e ly  ra p id  t h a t  th e re  is n o t m uch  h e a t  to  be 
d iss ip a te d , a n d  m o u ld in g  san d  m ay  n o t  even  reach  
w ith in  a  h u n d re d  degrees of th e  te m p e ra tu re  of 
ca s tin g .

A n o th e r p o in t is t h a t  n ea rly  all n a tu ra lly -b o n d ed  
san d s seem  to  fo rm  a v e ry  th in  slag-skin  which, 
u n d e r  th e se  co n d itio n s, seem s to  ad h ere  to  th e  
sa n d  an d  leaves th e  face  of th e  s tee l p e rfec tly  
c lean  ex cep t a t  th e  b o tto m  of a m ould , w hen i t  is 
g en era lly  fused  to  th e  c a s tin g . A nalysis of th is  
slao--skin shows th a t  i t  is chiefly a fe rro u s-silica te .

2c 2



772

In  m an g an ese  s tee l th e re  is a  v e ry  s im ila r  effect 
w ith  an y  silica -san d , bonded  w ith  c lay , re s u ltin g  in  
th e  l ig h t  m an g an ese  c a s tin g s , le av in g  th e  san d  p e r
fe c tly  c lean , f re e  from  a n y  a d h e r in g  p a tc h es  of 
san d . T h e  slag  su rfa ce  is a lw ays a com plex iron - 
m an g an ese  s ilic a te . As m en tio n ed  once  befo re , i t  
w ould be in te re s t in g  to  t r y  to  p ro d u ce  th is  s t r ip p in g  
effect a rtif ic ia lly  by p a in t in g  th e  face  of th e  m ould 
w ith  a  p a in t  m ad e  u p  of a m an g an ese  sa lt, o r  o x id e ; 
b u t  a lth o u g h  th is  is  th e  case w ith  t h e  sm alle r- 
sec tio n ed  c a s tin g s  in  m an g an ese , d isa s tro u s  re su l ts  
a re  o b ta in e d  w ith  th e  h e av ie r-sec tio n ed  cas tin g s , 
ow ing to  th e  a b u n d a n t  fo rm a tio n  of slag  w hich  will 
be fo u n d  bedded  in  th e  face  of th e  c a s tin g  an d  
o th e r  m a te r ia l  m u s t be  used .

Stripping Properties of Sands.
B y u sin g  a  s u ita b le  m ix tu re  of se m i-re frac to ry  

bond an d  s ilic a  san d , a  good sk in  c a n  be o b ta in e d  
on lig h t-  a n d  m ed iu m -stee l c a s tin g s , b u t  i t  is 
e sse n tia l t h a t  a  good san d -c le an in g  process be used , 
o th erw ise  th e  flow sa n d  w ill g ra d u a lly  be te n d in g  
to w a rd s  a  c o n c e n tra te d  slag  h e ap .

U n fo r tu n a te ly  th e  q u estio n  of w hy a  san d  should  
s t r ip  w ell is v ery  difficult ' t o  e x p la in . H ow ever, i t  
is know n t h a t  th o se  n a tu ra lly -b o n d e d  sa n d s  w ith  
an  iro n  bond  a re  f a r  su p e r io r  in  s t r ip p in g  p ro 
p e r tie s  to  sy n th e tic  sa n d s  w ith  a  fireclay  bond. 
E v en  th e n , im p ro p e r p re p a ra tio n  o f san d s, such 
as in su ffic ien t m illin g , in c o rre c t a m o u n t of w a te r , 
c an  m ak e  a  v e ry  la rg e  d ifference to  th e  s t r ip p in g  
q u a lit ie s  o f a sand .

A g a in , som e sa n d s  wdiich do n o t  s t r ip  a t  all 
w hen  m ou lded  g re en  san d , beh av e  q u i te  w ell w hen  
used  as d ry  san d . T h is seem s to  b e a r o u t  th e  f a c t  
t h a t  th e  q u es tio n  of h e a t  c o n d u c tiv ity , o r  p e rh a p s  
convection  d u e  to  in c re a sed  p e rm e a b ility , is  a 
fa c to r  of som e im p o rta n ce .

B u t t h a t  c o n d u c tiv ity  or p e rm e a b ility  is n o t  th e  
d ec id in g  fa c to r  is well k n o w n ; in  fa c t,  th e  m ost 
o p en  san d  th e  a u th o r  h a s  know n w as a n  excep
t io n a lly  b ad  “  s t r ip p e r .”

All t h a t  c a n  be sa id  is t h a t  th e  q u es tio n  o f sk in  
d ep en d s on th e  fo rm a tio n  of a  la y e r  o f slag  w hich  
ad h ere s  to  th e  san d  in  p re fe re n ce  to  th e  s teel, an d  
fu r th e rm o re , t h a t  th is  a c tio n  is fa v o u re d  by th e  
p resen ce  of h y d ra te d  ox ides o f iro n — such  as is
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fo u n d  in  th e  red  arid yellow san d s— or by th e  
p resen ce  o f a  m an g an ese  oxide.

I t  w ill be n o ticed  t h a t  no m en tio n  h as been 
m ad e  of th e  d e te rm in a tio n  of th e  a c tu a l m in era l 
c o n te n ts  o f th ese  san d s. T he reason  be ing  t h a t  it 
is e x tre m e ly  d ifficult to  d e te rm in e  ra p id ly  th e  
m in e ra ls  or th e  q u a n ti ty  of m in e ra ls  in  th e  finer 
g ra d e s  w h ere  th e y  m ost abo u n d , a lth o u g h  some 
re c e n t  p a p e rs  h a v e  a p p ea red  of F re n c h  o rig in  
w h e re in  th e  a u th o rs  claim  t h a t  th e y  h av e  been 
ab le  to  p re d ic t  a cc u ra te ly  th e  b eh av io u r of fire
b rick s in  p ra c tic e . A t p re se n t th e  eas ie st m eans 
to  d e te rm in e  th e  b eh av io h r o f th ese  san d s is by a 
sim ple  fu s io n -p o in t te s t .

T h ere  is one o th e r p o in t before leav in g  th e  ques
t io n  of re fra c to r in e s s , an d  t h a t  is w h e th er th e  
te s ts  should  be c a rr ie d  o u t in  a re d u c in g  o r ox id is
ing  a tm o sp h e re . Some e x p e rim e n ts  m ad e  By th e  
a u th o r  seem  to  in d ic a te  t h a t  th e re  is a s tro n g  
re d u c in g  ac tio n  g o ing  on a t  th e  face of th e  m ould.

Synthetically-Bonded Sands.
S y n th e tic  sands a re  g en era lly  m ade  u p  of very  

p u re  s ilica  san d  a n d  a fireclay, th e  aim  be ing  to  
d is tr ib u te  th e  fireclay  o v e r g ra in s  of th e  san d , 
th e re b y  im ita t in g  th e  co n d itio n s o b ta in in g  in 
n a tu ra lly -b o n d e d  sands. Obviously, re fra c to ry  
fireclay  m u st be chosen fo r th is  purpose .

“ Compos.”
A g r e a t  d e a l o f secrecy has been, an d  is being , 

observed  ab o u t th e  in g re d ie n ts  in  v a rio u s “ com
p os,”  an d  i t  is free ly  cla im ed  th a t  th e  success o r 
f a ilu re  o f m any  a  fo u n d ry  is d ue  solely to  th e  
m ix ings used on th e  la rg e r-sec tio n ed  steel castings. 
V ery  l i t t le  in fo rm a tio n  is av a ilab le , b u t  i t  is found  
in  L o n g m u ir an d  M cW illiam  t h a t  th ey  a re  g e n e r
a lly  m ad e  u p  of m ix tu re s  of crushed  silica  rock  o r 
g a n is te r ,  fireb rick  an d  re to r ts ,  u sed  fireclay 
crucib les, all bonded  w ith  c lay  or k ao lin . G ener
a lly  sp e ak in g , th is  is u n iv e rsa l p ra c tic e  in  G re a t 
B r i ta in .  I n  A m erica  th e re  a re  no  such th in g s  as 
“  co m p o s.'’ A ll th e ir  la rg e  steel cas tin g s  a re  m ade 
in  m oulds m ade of co arse -g ra in ed  silica sands 
bonded w ith  clay. In  G erm any  th e y  use som eth ing  
v e ry  s im ila r  to  B r itish  compos, b u t th e re  th ey  use  
“ c h a m o tte ,”  which is sim ply  a h a rd -b u rn t  fireclaj'
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bonded  w ith  th e  ra w  c lay . T h is  occasionally  b e in g  
d i lu te d  w ith  sm all am o u n ts  o f silica . T h e  g re a te s t  
difference  be tw een  com pos a n d  m o u ld in g  sa n d s  is 
th e  g ra in  size.

O bviously th e  d ifficu lty  in  p re p a r in g  com pos of 
such  a  com posite  n a tu r e  is v e ry  g re a t ,  a n d  a  very  
la rg e  a m o u n t of d u s t  o r  s i l t  is fo rm ed . T hey  a rf  
g e n e ra lly  p re p a re d  by u s in g  p e r fo ra te d  p a n s  anc. 
th e n  g ra d in g  v e ry  ro u g h ly  th e  p ro d u c t. I t  is well 
e stab lish ed  t h a t  g ra in -s iz e  m a te r ia lly  affects th e  
fu sio n  p o in t o f a n y  com posite  re f r a c to ry  m a te r ia l ,  
th is  be in g  q u ite  a p a r t  from  any  c h an g e  in  th e  
chem ical com position , w hich  i t  is assum ed re m a in s  
th e  sam e. I n  som e cases i t  c an  even  affect th e  
r e fra c to ry  p ro p e rty  by as m u ch  a s  20 deg . C. T he 
c o a rse r-g ra in e d  m a te r ia l  h a v in g , g e n era lly  sp eak 
in g , th e  m uch  h ig h e r  fu sio n  p o in t. W h y  is i t  
t h a t  “  com po ” is u sed  on a ll la rg e  c a s tin g s?  I t  
is d ifficu lt to  find a  reaso n , ex ce p t fo r  th e  f a c t  t h a t  
a  m ix tu re  of s ilic a  a n d  fireclay  c an  be  so a r ra n g e d  
t h a t  th e re  is no p e rm a n e n t  ex p an s io n  o r c o n tra c 
tio n  on d ry in g  th e  m oulds. T h e  re aso n  b e in g  th a t  
silica h a s  a  p e rm a n e n t  ex p an s io n  a n d  fireclay  a 
p e rm a n e n t  c o n tra c tio n . I t  shou ld  be s ta te d  h e re  
t h a t  “  com po ”  m oulds a re  g e n e ra lly  d r ie d  a n y 
w here  be tw een  400 a n d  600 deg. C ., a n d  a t  
575 deg. C. th e re  is a  co n sid erab le  c h an g e  in  th e  
volum e of th e  silica . T h is im p lies  t h a t  on  d ry in g  
th e  m oulds m ay  be liab le  to  c rack . A n o th e r  reaso n  
is g iv en  t h a t  b u r n t  fireclay  b re ak s  dow n  in  a n g u la r  
f ra g m e n ts  w ith o u t p o w d erin g , w h e reas  s ilica  san d s 
fa ll to  pow der. T h is c e r ta in ly  h a s  n o t  been 
th e  a u th o r ’s e x p erien ce , a n d  h e  c a n n o t b e a r  o u t 
th is  s ta te m e n t.  I n  fa c t ,  th e  v e ry  n a tu r e  o f silica  
re su lts  in  a n g u la r  f ra g m e n ts  on c a s tin g .

In c re a se d  r e fra c to ry  p ro p e rt ie s  d u e  to  in c reased  
g ra in  size is a n  e sse n tia l a t t r i b u te  w hen  one 
con sid ers  w h a t a  m ould , m ad e  fo r a  v e ry  la rg e , 
heav y  steel c a s tin g , h a s  to  s ta n d . V ery  o f te n  one 
finds th e  sec tio n  o f a  c a s tin g  a s  m u ch  as 20 to  
30 in . in  d iam e te r .

Pressure and Refractoriness.
D u rin g  f e t t l in g  one a lw ay s n o tice s  t h a t  th e  

b o tto m  p a r t  o f th e  c a s tin g  is in v a r ia b ly  m ore  diffi
c u lt a n d  m ore costly  to  f e t t le  th a n  th e  to p  p a r t .  
W hy is th is ?  In  a  p a p e r  by B rad sh aw  and
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E m ery  th e re  is some very  v a lu ab le  in fo rm a tio n
show ing th e  effect of lo ad  on th e  qu estio n  of
re fra c to r in e s s  o f a  m ix tu re  o f fireclay b rick  and
silica  b rick . F ig . 1 shows th e  re su lts  o b ta in ed .
I t  w ill be n o ted  t h a t  th e i r  m ix tu re  of fireclay 
b rick  a n d  silica  b rick , w hen m ixed  in  c e r ta in  p ro 
p o rtio n s , low ers th e  fu s io n  p o in t to  cone 19, an d  
t h a t  u n d e r  load  of 25 lbs. p e r  sq. in . th is  is reduced  
to  cone 16 o r 17. F u r th e r ,  those  h ig h  in  firebrick  
show m uch  g re a te r  d ifference  betw een  fusion  te s ts  
w ith  a n d  w ith o u t load . H e re  is an  e x p la n a tio n  of 
w hy th e  b o tto m  of th e  m ould  sticks to  th e  cas tin g . 
A t th e  b o tto m  o f a n y  deep m ould th e re  is a  con
s id e rab le  fe rro -s ta tic  p ressu re , very  o f te n  as g re a t  
as 25 lbs. p e r  sq. in .,  so t h a t  th e  a c tu a l fusion- 
p o in t o f th e  m a te r ia l  in  th e  reg io n  is very  m uch 
low er th a n  w h a t i t  is a t  p a r t  of th e  c a s tin g  n e a r 
th e  h ead . B u t h e re  ag a in , a s  in  th e  n a tu ra lly -

F ig .  1.— I n f l u e n c e  o f  L o a d  o n  
a  M i x t u b e  o f  F i b e b b i c k  
a n d  S il i c a  B b i c e .

bonded sa n d , m uch  depends on th e  re fra c to rin e ss  
of th e  bond itse lf , w hich  coa ts  th e  g ra in s  to  g ive  i t  
th e  necessary  cohesiveness, an d  in  th is  case a m ore 
d e ta ile d  e x a m in a tio n  o f th is  fin er-g rad e  o ften  
e x p la in s  th e  fa ilu re  o f v a rio u s  compos.

F ro m  th e  above i t  w ill be  c le a r  t h a t  in  u sin g  
compo i t  is b e tte r  to  d ilu te  th e  silica  w ith  fireclay 
to  c o u n te ra c t  c o n tra c tio n  c rack s in  th e  m ould th a n  
to  w ork  a t  th e  fireclay end  of th e  m ix tu re . I t  is 
rea lised  t h a t  in  m ak in g  th is  s ta te m e n t th e  a u th o r
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is p ra c tic a lly  d a m n in g  th e  m o d ern  Sheffield p ra c 
tice . A m erica  an d  G erm an y  w ork  a t  th e  e x tre m e  
ends of th e  scale of th e  d ia g ra m , w h e reas B r i ta in  
w orks a t  th e  m idd le  a n d  suffers acco rd in g ly . Ho-w 
o ften  does o n e  find t h a t  a c h ip p in g  o r f e t t l in g  cost 
fo r one p a r t ic u la r  ty p e  of c a s tin g  m ig h t v a ry  a n y 
w here  be tw een  £ 5  to  £15  p e r  c a s tin g , due to  th e  
f a c t  t h a t  such, com plex m ix tu re s  a re  so d ifficu lt to  
co n tro l. T h is is p ro b ab ly  a c c e n tu a te d  by a  big 
v a r ia tio n  of g ra in  size w hich  c a n n o t be avo ided  in  
th e  p ro d u c tio n  of such “ com pos.”  I t  w ould be
in te re s t in g  to  know  th e  o rig in  of th e  use of 
"  co m p o .” T he a u th o r  believes t h a t  th e  b e h av io u r 
of th e se  com plex “  com pos ” is too  v a r ia b le  to  be 
of u se  in  an y  p ro g ressiv e  fo u n d ry .

Mechanical Strength and Permeability.
To d e te rm in e  p e rm e a b ility  to  gases a n d  s tre n g th  

o r cohesiveness, i t  is e ssen tia l t h a t  th e re  m u s t be 
som e m eth o d  of te s t in g  w h ich  w ill g iv e  c o m p a ra 
tiv e  figures w hich a re  re lia b le  to  a m o d e ra te  d eg ree  
of accu racy . T hese  figures need  n o t be of ab so lu te  
d im ensions, as long  as som e s ta n d a rd  on  w hich  to  
w ork  is d e te rm in e d . When'" th e  a u th o r  f irs t took  
an  ac tiv e  in te re s t  in  th e  su b je c t o f san d  te s tin g  
a b o u t six  y e a rs  ago, v e ry  l i t t l e  in fo rm a tio n  
could  be fo u n d  d e a lin g  w ith  th is  su b je c t. 
N u m ero u s a r tic le s  spoke v e ry  loosely o f open  sa n d s  
an d  s tro n g  san d s, b u t  seldom , if  a t  a ll, w ere  any  
te s ts  in d ic a te d  w hereby  q u a n t i ta t iv e  re su lts  could 
be o b ta in e d . A nd a f te r  a ll, i t  is  on ly  w hen  fo u n d ry - 
m en rece iv e  q u a n ti ta t iv e  re su lts  t h a t  th e y  can  
hope to  in v e s tig a te  th o ro u g h ly  th e  p ro b lem  a n d  to  
m ak e  an y  p ro g ress  to w a rd s  th e  p ro d u c tio n  o f m ore  
p e rm eab le  san d s. A f te r  n u m ero u s  e x p e r im e n ts , i t  
was d ecided  to  use  a m ethod  of ra m m in g  to  a  fixed 
d e n s ity  w ith  a  fixed p e rc e n ta g e  of w a te r . T he 
b a rs  w ere th e n  te s te d  in  com pression  in  a  m odified 
cem en t te s t in g  m ach in e, o r  by p u sh in g  th e  b a r  
ov er th e  edge  o f th e  p la te ,  te rm e d  th e  tra n s v e rse  
m eth o d , o r  by b re a k in g  a  b a r  su p p o rte d  a t  b o th  - 
en d s w ith  a  load  a t  / th e  c e n tre . Som e of th e  
re su lts  o b ta in e d  by th e se  m eth o d s h a v e  been  quo ted  
in P ro fe sso r B osw ell’s book on  B r i tish  a n d  A m eri
can fo u n d ry  p ra c tic e , a n d  w e re  m ad e  w hen  th e  
a u th o r  w as a  m em ber of M essrs. H a d f ie ld ’s 
R esearch  a n d  T echn ica l L a b o ra to ry . I t  w as
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rea lised , how ever, t h a t  th is  m ethod  was open to  
sev era l o b jec tio n s for co m p arin g  i san d s from  
v a rio u s  sources a n d  of v a ry in g  g ra in -s ize  an d  bond, 
th o u g h  i t  served  a d m irab ly  fo r co n tro llin g  th e  
v a r ia tio n  in one p a r tic u la r  sand  from  day  to  day.

Controlling Variables.

I n  a  la rg e  fo u n d ry  t h a t  is th e  f irs t e ssen tia l, to  
fix as m an y  v a r ie tie s  as possible, th e n  th e  d iagnosis 
of tro u b le s  becom es a n  eas ie r m a t te r .  T he p e r
m eab ility , or r a th e r  th e  im p e rm eab ility , te s ts  w ere 
m ad e  by ra m m in g  a  1-in. tu b e  to  g ive  2-in. len g th s  
of sa n d . A lto g e th e r each tu b e  w as filled, w ith  five 
2-in . le n g th s  of san d , m ak in g  10 in . in  a ll. Then 
fo rc in g  th ro u g h  th e  san d  a  d e fin ite  q u a n ti ty  of 
a ir ,  n o tin g  th e  t im e  ta k e n  an d  also th e  s te ad y  
p re ssu re  se t u p . T h e  back  p re ssu re  is ve ry  im 
p o r ta n t ,  because  w hen th e  s te a d y  p re ssu re  
becom es g re a te r  th a n  t h a t  of th e  steel, th e  a i r  will 
go  th ro u g h  th e  s tee l in s te a d  of th e  sand . Of 
course, i t  is im m a te r ia l w hich  s ta n d a rd  one ta k e s  
fo r a  s ta n d a rd  o f re fe re n ce . I t  w as soon d iscovered 
t h a t  th e  tra n s v e rse  tesj; w as m o st eas ily  h an d led  
an d  gave  th e  m ost c o n s is ten t re su lts ,  g en era lly  
w ith in  10 to  15 p e r  c e n t.,  w hich w as co n sidered  
s a t is fa c to ry  a t  t h a t  tim e . A  la rg e  n u m b e r  of te s ts  
w ere  c a r r ie d  o u t  on  each  b a tc h  of san d  a n d  a g ra n d  
a v e ra g e  ta k e n . I t  w as a lw ays n o ticed , how ever, 
t h a t  th e  re su lts  a lw ays ten d e d  s te ad ily  to  decrease  
o r  increase  if  a few h o u rs  w ere ta k e n  in  th e  te s t 
ing , a n d  i t  w as also n o ted  t h a t  m uch  m ore  force 
w as re q u ire d  to  ra m  som e san d s th a n  o th ers . T he 
p ro g ressiv e  in c rease  o r d ecrease  w as p u t  down to 
th e  d ry in g  o f th e  sa n d s  w ith  use, th e  used  b a rs  
be ing  m ixed  w ith  th e  un u sed , w hich w ere  k e p t in 
a h u m id o r.

T a b l e  V.— Effect of Amount of Moisture on Strength.

The first 15 bars tested  gave 200 grms., moisture6.9% 
second 15 ,, ,, ,, 215 ,, ,, 6.7%
th ird  15 „  „  „  225 „  „ 6.6%
fourth  15 ,, ,, ,, 230 ,, ,, 6.4%

T his shows how im p o r ta n t i t  is in  te s tin g  an y  sand , 
u n d e r  w h a tev e r m ethod  is ttdop ted , to  keep  tb e  
w a te r  c o n s ta n t. The sam e, of course, ap p lies to  
th e  san d s p re p a re d  fo r a c tu a l use  in  th e  fo u n d ry .
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R e g a rd in g  th e  d iffe re n t fo rce  re q u ire d  to  ra m  
th e  v a rio u s  san d s, t h a t  d ep en d ed  on th e  c lay  con
te n ts  a n d  th e  w a te r  p re se n t. I t  d e p en d ed  m o st of 
a ll on  th e  n a tu r e  of th e  clay p re se n t. Those c lay s 
t h a t  show ed th e  g re a te s t  te n d e n cy  to  swell w ere 
g e n e ra lly  th e  h a rd e s t  to  ram . I n  p ra c tic e , i t  can  
be s ta te d  t h a t  th e  m ou lder ra m s  o n  o n e  p a r t ic u la r  
job  w ith  a  fa ir ly  c o n s ta n t  p re ssu re  a n d  does n o t  
v a ry  th e  s t re n g th  of h is ra m m in g  to  s u i t  th e  sa n d . 
I n  o rd e r, th e re fo re , to  co m p are  sa n d s  u n d e r  s im i
l a r  c o n d itio n s  o f ra m m in g , i t  becam e n ecessa ry  to  
ra m  e ith e r  w ith  a  fixed p re ssu re  o r  a  fixed  blow, 
a n d  a r ra n g e  th e  q u a n ti ty  of san d  u sed , so t h a t  
th e  re s u ltin g  b a rs  w ould b e  o f a p p ro x im a te ly  th e  
sam e th ick n ess . T h is is  n ecessa ry  becau se  m o u ld 
in g  sa n d s  w ill n o t  obey th e  law s o f e la s tic ity , an d  
i t  is th e re fo re  n ece ssa ry  to  fix a  su ita b le  size. I n  
th e  a u th o r ’s case, h e  fixed 1 in . sq. a s  a size 
because  of th e  p rev io u s te s ts  w hich  h a d  been 
c a r r ie d  o u t on  th is  basis. T h e re fo re , as th e  san d s 
becam e c o arse r, i t  is e v id e n t t h a t  a  b ig g e r  cross- 
sec tio n al a re a  w as r e q u ire d ;  c e r ta in ly  1 in . w ould 
n o t  do. I n  view  o f D o ty ’s P a p e r ,  p u b lish ed  in  
th e  A .F .A ., 1922, i t  is  e x tre m e ly  in te re s t in g  to  
n o te  t h a t  th e  sam e  m eth o d  of a t ta c k  h a d  been 
a d o p te d , a lth o u g h  M r. D o ty  h a d  re fin ed  th e  te s t  
v e ry  co n sid erab ly , a n d  i t  succeeded  in  re p e a tin g  
th e  re su lts  on  th e  f in e r-g ra in  sa n d s  to  5 p e r  c e n t.,  
w hich  is ex ce lle n t w hen  on e  co n sid e rs  t h e  n a tu r e  
of th e  m a te r ia l  te s te d .

Standardisation of Testing Methods.
Since  re a d in g  th e  p a p e r  of D o ty ’s, th e  a u th o r  

h a s  a l te re d  th e  a p p a r a tu s  a n d  finds t h a t  th e  te s ts  
on fine san d s used  fo r  l ig h t  w o rk  c e r ta in ly  com e 
easily  w ith in  th e  5 p e r  c en t, m ark , th o u g h  th e  
m ed ium  a n d  th e  co arse r sa n d s  show g re a te r  e rro rs . 
Of course, th is  c a n  be u n d e rs to o d  by c o n sid e rin g  
how a  san d  b reak s. A t th e  sam e c o n v en tio n , th e  
A m erican  F o u n d ry m e n ’s A ssocia tion  p u t  fo rw a rd  a 
m eth o d  fo r  te s t in g  p e rm e ab ility . T h is is  v e ry  
s im ila r  to  th e  o ne  u sed  a t  M essrs. H ad fie ld s, 
L im ite d , as can  be seen fro m  th e  d e sc rip tio n  in 
P ro fesso r B osw ell’s book. T h e  im p o r ta n t  p o in t  to  
b ea r in  m in d  in  co n n ec tio n  w ith  te s t in g  is t h a t  
th e  m em bers o f  t h e  I n s t i tu t e  of B r i t is h  F o u n d ry -  
m en m u s t s ta n d a rd is e  th e se  te s ts , so t h a t  th e y  can  
discuss each  o th e r ’s tro u b le s  w ith o u t  in d u lg in g  in
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a  lo t of v ag u e  p la ti tu d e s . A m erica , ow ing to  he r 
re lia n c e  on th e  sy n th e tic  sands, h as been com pelled 
to  find a w ay. W e in  th is  co u n try , w ith  o u r 
u n riv a lle d  raw  se lf-bond ing  san d s, a re  sa tisfied , 
a n d  o ne  finds t h a t  a ll th e  p a p e rs  pub lished  on th e  
te s tin g  of san d s a re  u s in g  d iffe re n t u n its .  C er
ta in ly  th e  re su lts  can  be com pared , b u t th e  o p e ra 
tio n  is so ted io u s  t h a t  i t  is seldom  a tte m p te d . 
W hy  n o t  p u b lish  in  T h e  F o u n d r y  T r a d e  J o u r n a l  
a n d  in  th e  I n s t i tu te  p ro ceed in g s th e  te s ts  sug
g ested  by  th e  A .F .A ., to  be b ro u g h t u p  for d iscus
sion a t  th e  N ew castle  C onference?  W e could  th e n  
decide  on o u r  own s ta n d a rd s  and  in v e s tig a te  on 
a  q u a n ti ta t iv e  basis th e  p ro p e rtie s  o f o u r m ould
in g  sands. A t a n y  r a te ,  th e  outcom e of th is  is 
t h a t  by  a  se ries o f c o m p a ra tiv e  te s ts  we a re  in  a 
p o sitio n  to  ju d g e  o u r v a rio u s sands, com pared  w ith  
each  o th e r  in  s tr e n g th  a n d  p e rm eab ility .
T a b l e  V I.—Effect of Density, or Hardness of Ramming 

on Strength and Permeability. Sand used— French 
Red. 5% Moisture.

Density.

Transverse
strength.

Compressive
strength.

( Im p e r 
m eability, 

in secs.Method
“ A ”

Method 
“ B ”

1.300 30 < 50 50 15
1.400 45 < 50 110 25
1.500 50 90 130 43
1.600 — — — 77
1.650 90 145 . 300 —
1.700 _ — — 145
1.765 100 200 480 —
1.85 120 230 490 ■—

Similar information to this is required on every sand. 
Those sands which show the lowest ra te  of increase in 
(im)permeability are obviously the more foolproof in use.

H a v in g  th u s  briefly  m en tio n ed  th e  m ethod  of 
te s tin g , a  few re su lts  a re  g iven  in  T ab le  V I show
ing  th e  effects of m o is tu re  an d  d e n sity  of ram m in g  

’ on th e  p ro p e rtie s  o f m ou ld ing  sands. T ab le  V I 
shows th e  s t re n g th  a n d  p e rm e ab ility  of F re n c h  red  
san d  w ith  a  5 p e r  cen t, ad d ed  m o is tu re -co n ten t. 
I t  w ill be seen  t h a t  th e  increase  in  im p erm eab ility  
is o u t  o f all p ro p o rtio n  to  th e  increase  in  s tre n g th  
a t  th e  h ig h e r  densitie s .
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F ig s . 2 a n d  3 show th ese  fig u res o n  a. g ra p h . The 
im p o r ta n t  p o in t  to  n o te  on  th is  p a r t ic u la r  san d  is 
th a t  th e  r a t io  o f s t re n g th  to  p e rm e a b ility  h a s  a 
m ax im u m  v a lu e  in  th e  reg io n  o f  1.4 to  1.5 d e n s ity  
fo r d ry  sa n d  a t  100 deg. C. I n  p ra c t ic e  th is  san d  
w as a c tu a lly  ram m ed  to  a b o u t 1.58 to  1.65 d e n s ity .

F ig . 3 o u tlin e s  a  te s t  on  th e  s t r e n g th  of san d  
ram m ed  in  a  s im ila r  m a n n e r , i .e .,  ra m m ed  u n d e r  
th e  sam e p re ssu re , g ra d u a lly  in c re a s in g  w a te r  
p e rcen tag es .

W ith o u t  g iv in g  a n y  f u r th e r  i llu s tra tio n s ,  i t  can  
be sa id  t h a t  ev ery  sa n d  h a s  a n  o p tim u m  w a te r  
c o n te n t  a t  w hich  i t  develops m ax im u m  s tre n g th .  
I t  c an  also be s ta te d  g e n e ra lly  t h a t  i t  is b e tte r  
p ra c tic e  to  use  th e  le a s t  a m o u n t of w a te r  r a th e r  
th a n  a im  a t  th e  o p tim u m  w a te r  c o n te n t.  F ro m  th e

F i g .  2 .— T e s t s  M a d e  o n  B a r s  D r i e d  at  
1 0 0  D e g .  C .

\Vhy should the  ra tio  of th e  s tre n g th  over the  perm eab ility  
plotted^ a g a in s t density  show a m axim um  in  the  region 
?[ for dried s a n d f  I f  th is  ho lds good fo r a ll  6ands,
then  th is  value can  be used as  a  c rite rion  in ju d g in g  sands 
su itab le  fo r foundry  work.

above, i t  w ill be rea lised  w h a t  a  v e ry  im p o r ta n t  
p a r t  d e n s ity  a n d  m o is tu re  p lay  in  th e  s t r e n g th  
a n d  openness of m o u ld in g  san d s, a n d  a f te r  a ll, each  * 
fo u n d ry  a im s a t  u s in g  th e  b est a n d , a t  th e  sam e 
tim e , th e  c h ea p e r san d  to  be  fo u n d  in  th e  lo ca lity . 
It. is, th e re fo re , im p o r ta n t  t h a t  a ll th e  p ro p e rtie s  
of th e  local san d  should  b© kpqw n, a n d  as m an y  
v a riab le s  as possible fixed. .
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T he d e n sity  o f ra m m in g  is c e r ta in ly  d ifficult to  
co n tro l, because  ev ery  m ou lder ra m s w ith  a d i f 
f e re n t  p re ssu re . T he shapes of th e  p a tte rn s  in 
m ach in e  w ork  also re su lts  in  p a r ts  of th e  m ould 
b e in g  ram m ed  a t  v e ry  d iffe ren t d en sitie s . T his is 
so, w h e th e r  th e  m an  uses a j a r  ra m m in g  or a 
squeezer, b u t  th e  m o is tu re  c o n te n t can  be con
tro lled , a n d  i t  is c e r ta in ly  of g re a t  im p o rtan ce .

F i g . 3 .— E f f e c t  o f  M o is t u r e  on  
S t r e n g t h .

I t  em phasises th e n ecessity  o f sp e c ify in g  m oisture content  
when sp ea k in g  o f  stren gth .

I t  is also v e ry  im p o r ta n t  in  se lec tin g  m ou ld ing  
san d s to  choose th ose  t h a t  do n o t show a  b ig  v a r ia 
tio n  in  p ro p e rtie s  w ith  sm all d ifferences in  ra m 
m ing  a n d  m o is tu re  c o n te n t. T his is one reason  
w hy i t  is b e tte r  policy to  w ork  w ith  th e  san d  on 
th e  d ry  side.

The Effect of Silt in  Moulding Sands.
W ith  th e  excep tion  of o ne  o r tw o p re p a re d  sy n 

th e tic  sands, th e  w r ite r  has n o t come across any  
s il t  c o n te n ts  of g re a te r  th a n  7 p e r  c en t., and  even 
th e  tw o e x p e rim e n ta l sands, t h a t  d id  c o n ta in  14 
p e r cen t, of s il t  gave p e rfe c t c as tin g s  in  every 
re sp ec t. In  view  of th is , he  is n o t p re p a re d  to  say 
to  w h a t ex te n t ' s i l t  is d e tr im e n ta l ,  ex cep t t h a t  i t  
is u n n ecessa ry , an d  if i t  can  be avo ided  all well 
an d  good.

D e a lin g  w ith  th e  g ra d in g  of sands, i t  is neces
sa ry  to  g ra d e  th ese  sands because i t  g ives a good

ks>
1<I
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g u id e  as to  th e  t r e n d  o f th e  san d  a n d  m ig h t ev en 
tu a l ly  be u se fu l. I t  m ig h t also e x p la in  w hy some 
re su lts , such as v a r ia tio n s  in  s t r e n g th  a n d  p e rm e
a b ility , a re  o c cu rrin g , a n d  th e n  i t  is possib le to  
a d ju s t  th e  m ix tu re s  acco rd in g ly . R e g a rd in g  th e  
T a b l e  V II.—Effect of Clay Grade on the Permeability 

of Moulding Sands Tested in  the Dry State.

Sand. Clay. 
Per cent.

Perm eability.

Sand. Sand washed 
free of clay.

W .Y. 4 .4 38 31
S.C.Y. 0.3 235 150
W .R. 7.4 190 115
F .R . 9.3 200 90
H.A. 12.3 280 130
S.C.R. 15.1 120 70
B Y. 17.0 290 140
B 'R . 17.8 z  150 33

This shows the very m arked effect of clay grade in a 
m oulding in closing up the  passages for the  gases to  escape. 
All the above sands are n a tu ra lly  bonded sands.

“ dye t e s t , ”  th e  a u th o r  does n o t  see i ts  u t i l i ty  to  
th e  fo u n d ry  m an a g er. T h e  e sse n tia l p ro p e r t ie s  of 
th e  m o u ld in g  san d , such  as s t r e n g th  a n d  p e rm e
ab ility , c an  be f a r  m ore  re a d ily  a n d  re liab ly  
m easu red  w ith  sim ple  a p p a ra tu s .

Preparation of Moulding Sands.
T h e  m eth o d  ad o p te d  in  som e fo u n d rie s  is too  

cru d e  fo r w ords to  exp ress . S ilica  san d , as 
received, is th ro w n  in to  th e  m ill—so m an y  shovels- 
fu l o r  so m an y  h arro w s— th e n  so m u ch  clay  o r 
n a tu ra lly -b o n d e d  m o u ld in g  san d . A ll th e  t im e  th e  
m ill is w o rk in g  i t  is b re a k in g  down th e  silica  
g ra in s  v e ry  ra p id ly , m ak in g  a  m uch  finer m ix tu re . 
As soon as a ll th e  clay  o r loam  is in , th e  m an  in  
ch arg e  p re p a re s  to  open th e  m ill to  le t  i t  o u t 
a s a in :  w a te r  is ad d ed  in d is c r im in a te ly , a n d  i t  is 
o ften  c a r r ie d  o u t by a  n o t- to o -in te ll ig e n t lab o u re r . 
O ft- tim es  th e  sa n d  a n d  c lay  a re  s a tu r a te d  w ith  
w a te r  be fo re  be in g  p u t  in fo  th e  m ill, a n d  th e  re s u lt  
is slop an d  n o t a fac in g  sand .

F a c in g  sa n d s  a re  p re p a re d  fo r u se  in  th e  fo u n d ry  
in  v a rio u s  w ays. F i r s t  o f a ll th e r e  is  th e  old 
m ethod , s till used in  m an y  fo u n d ries , of t r e a d in g
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<

o
"g m

m
. 

<0
.6 

> 
0.2

5

16
.58

20
.34 5.1
3

15
.12 5.8
1

14
.85 W®COt)<COO(NG CO CO CO Cj co cl CO 05 CDCOICt̂ ICCOICCM

-Go<15 wI

m
m

. 
< 

1.0
 

> 
0.6

co r- 05 lOOiOCO
CO o © o’ 0.

79 0.2
8 00 Id -H co - (OhCC O (M lO (M O (N CO Clo* © o’ © © © o’ o’

O b/j
G

® 1G

I s isc6
03

«5G CO
G

CO
G

a3.a CTj
a a a a a
© ic oCM icCM oCO

C
om

pr
es

siv
e 

an
d 

Tr
an

sv
er

se
 

St
re

ng
th

s 
in 

G
ra

m
m

es
 

pe
r 

sq
. 

cm
. 

Pe
rm

ea
bi

lit
y 

in 
Se

co
nd

s.



784

th e  sands. Secondly , th e  in tro d u c tio n  of a  p a n  
m ill, th e  v a rio u s  c o n s titu e n ts  b e in g  th ro w n  in  a n d  
m illed  u n t il  th e  d esired  to u g h n ess is o b ta in e d . 
T h ird ly , m ix in g  in  a n  e d g e -ru n n e r  m ill. F o u r th ly ,  
p ro p e r  san d -m ix in g  a p p a ra tu s ,  u s in g  a  p a d d le  
a r ra n g e m e n t.

B u t  w hy is i t  necessa ry  to  p e rfo rm  a ll th is  
o p e ra tio n  on fo u n d ry  sands, even  n a tu ra lly -b o n d e d  
m o u ld in g  san d s?  F i r s t  of a ll, to  g e t  a n  even  d is
t r ib u t io n  of m o is tu re  a n d  b o n d ; secondly , to  in 
crease  th e  s t re n g th  o r  cohesiveness fo r  u se  in  th e  
fo u n d ry ; th ird ly ,  to  in c rease  th e  a c t i v i t y ”  of 
th e  bond itse lf.

I t  is well know n t h a t  n a tu r e  h a s  n o t  d ep o sited  
fo u n d ry  san d s in  a n  id ea l m an n e r. V a rio u s  con
s ig n m en ts  a re  v e ry  i r r e g u la r  even  in  th e  case of 
o u r b est m o u ld in g  san d s. Som e a re  r ic h e r  in  th e  
sa n d -g rad e , a n d  a t  o th e r  tim e s  r ic h e r  in  th e  loam - 
g ra d e . O fte n  o n e  finds so lid  lu m p s o f th e  b o n d in g  
m a te r ia l .  T h is  is v e ry  n o tic e ab le  w ith  su ch  a  w ell- 
know n san d  as th e  W o rk so p  re d  san d . T he re s u l t  
of u s in g  raw  san d s c o n ta in in g  loam y lu m p s is v ery  
d isa s tro u s  fo r th e  a p p e a ra n c e  o f th e  c a s tin g . I n  
a d d itio n , i t  is ve ry  p a in fu l fo r th e  m o u ld er who 
uses th em . So th a t ,  even  w ith  th e  n a tu ra l ly -  
bonded sands, i t  becom es n ecessa ry  to  r e d is tr ib u te  
th e  c lay  g ra d e  by cau s in g  i t  to  co a t th e  silic ious 
g ra in s , th e re b y  c a r ry in g  o u t  to  th e  fu ll e x te n t  
w h a t n a tu r e  h a s  s ta r te d  to  do. I t  is im p o r ta n t  to  
know  how  m illin g  a  sa n d  is g o in g  to  a ffec t s t re n g th  
a n d  p e rm e ab ility . E v e n  a  c asu a l e x a m in a tio n  of 
th e  san d  w ith  a  sm all m a g n ify in g  g lass shows t h a t  
th e  bond  is re d is tr ib u te d , a p a r t  fro m  w h a t th e  
p rocess of m ix in g  m ig h t be.

To co n sid e r e x ac tly  w h a t does h a p p e n  in  an  
o rd in a ry  m illin g  o p e ra tio n , T ab le  V I I I  shows w h a t 
h ap p en e d  to  W orksop  re d  san d  in  a  la rg e  p a n  m ill 
h o ld in g  10 cw ts. T he san d  w as a ir -d r ie d  a n d  a 
d e fin ite  a m o u n t o f w a te r  ad d ed , th e n  m ix ed  b e fo re  
b e in g  p u t  in to  th e  m ill. I t  w ill be  seen  t h a t  th e  
w a te r  is n o t v e ry  even ly  d is t r ib u te d  a f te r  5 m in . 
m illin g , b u t  a f te r  10 m in . i t  is  n e a r ly  so, so t h a t  
th e  san d  in  all p a r ts  o f th e  m ill w ill c o n ta in  
a p p ro x im a te ly  t h e  sam e w a te r  c o n te n t.

The Strength of Sand as Affected by Milling.
I t  will be n o ticed  t h a t  th e  s t r e n g th  in creases 

v e ry  ra p id ly  d u r in g  th e  f irs t te n  m in u te s , a n d  th e if



i t  g ra d u a lly  se ttle s  dow n to  an  a p p ro x im a te ly  con
s ta n t  v a lue . T he p e rm eab ility  c e r ta in ly  becom es a 
l i t t le  w orse, b u t  th e  in crease  is n o t  sufficient to  
c re a te  an y  difficulties in  a c tu a l use. In  fa c t, c a s t
in g s m ad e  w ith  sands m illed  fo r v a rio u s len g th s  
of t im e  d id  n o t show any  blow-holes o r pin-holes, 
an d , w h a t is m ore, th ey  a ll s tr ip p e d  well a t  th e  
tim e  w hen th e  m illin g  w as 10 m in . o r  over.

T he effect on th e  g ra in  size is very  obvious. 
E v en  u n d e r  th ese  co n d itio n s th e re  is a v e ry  decided 
c ru sh in g  effect, b u t  a f te r  15 m in. th e  c ru sh in g  
effect seem s to  cease. T h is u n d o u b te d ly 'is  d u e  to  
th e  fo rm a tio n  of an  e lastic  cush ion  of bond p ro 
te c t in g  each  silica g ra in . T h is is a v ery  im p o r ta n t 
f a c t  to  b e a r  in  m ind . Of course, i t  m ig h t be con- 
T a b l e  I X .— Effect of Orain Size on Strength of Sands

Breaking load.
1. Through 10 mesh on 20 . .  95 grams
2. „ 20 „  40 . .  100 „
3. „ 40 „  60 . .  120 „
4. ' 60 . . 135 ,, .

Sand used—Crushed Silica ro c k :
B o n d ......................................... 10% Derby clay.
W ater . .  ^   5%___,,_____________
Hand mixed for 10 m inutes. This shows th a t it is 

no t the thickness of the bond round each grain th a t gives 
the strength, bu t the surface contact, because the finer 
sand has a very much greater surface area than  a coarse 
sand.
s id e red  th a t  th e  increase  in  s tre n g th  is also in flu 
enced, n o t so m u ch  by th e  re d is tr ib u tio n  of th e  
bond as by th e  v a r ia tio n  in  g ra in  size, an d  also 
p ro b ab ly  by  th e  in creased  a c tiv ity  o f th e  bond. _ T o, 
te s t  th is  p o in t  a s ilica  sa n d  w as g rad ed  in to  fo u r 
p a r ts  in  acco rdance  w ith  T ab le  IX , a n d  th e  m ix 
tu re s  m ade  w ere  te s te d  by th e  o rd in a ry  tran sv e rse  
m ethod.

P a r t  1 b roke  a t  95 gram m es, p a r t  2 a t  100, 
p a r t  3 a t  120, an d  p a r t  4 a t  135. T h a t  is, th e  
finer th e  g ra d in g  th e  s tro n g e r  th e  sand  w ith  th e  
sam e a m o u n t o f bond an d  w a te r, so t h a t  a lth o u g h  
th e  ooarser san d  h as th e  le a s t su rfa ce  a re a  and  
th e re fo re  th e  g re a te r  th ick n ess of bond on its  su r 
face , y e t th e  finer san d  w ith  th e  g re a te s t  a rea , and  
th e re fo re  th e  g re a te s t  n u m b er of p o in ts  of con
ta c t ,  shows th e  g re a te r  s tre n g th . T his leads to  th e  
conclusion t h a t  in  th e  p re p a ra tio n  of sand  a th in
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c o a tin g  of clay is re q u ire d  on tb e  g ra in ,  an d  chat 
it is th e  su rfa ce  c o n ta c t a n d  n o t th e  th ic k n e ss  t h a t  
g ives m ax im um  cohesiveness. W h a t th is  a c tu a l

T a b l e  X .— Effect of M illing French Red Sand. In  a 
Small Pan M ill— One Plain, One Grooved Roller.

Time of 
milling.

Grain Size.

< .6 mm. 
> .2 5  „

< .25 mm. 
> -10 „

<.10 mm. 
>.01 , ,

> .01 mm.

As re 
ceived 11.6 74.1 2.0 11.3

5 mins. 9.9 76.5 1.8 11.7
10 mins. 7.2 78.0 2.9 11.6
15 mins. 7.4 78.3 2.0 12.0
20 mins. 8.6 76.5 2.2 12.0
30 mins. 9.0 75.6 2.3 12.8

The raw sand was tem pered with 5% w ater and allowed 
to  stand 6 hours before milling.

This result is extrem ely interesting because under these 
conditions we do no t find a great deal of grinding, but 
sim ply a coating of the grains.

m in im u m  th ic k n e ss  is, th e  a u th o r  is n o t  p re p a re d  
to  s ta te  w ith o u t f u r th e r  e x p e rim e n t.

T ab le  V I I I  shows a  s im ila r  W orksop re d  san d  
w hich w as m illed  in  a  ve ry  m uch  sm a lle r an d  
lig h te r  m ill;  one ro ll be ing  p la in  a n d  th e  o th e r  
c o rru g a te d . H e re  a g a in  th e  effect on s t r e n g th  a n d  
p e rm e ab ility  is very  m uch th e  sam e, b u t  th e  c ru sh 
in g  effect is n o t n e a r ly  as se rious. I n  o th e r  w ords, 
th e  sm alle r m ill is m ore  efficient in  i t s  re d is tr ib u 
tio n  of th e  bond th a n  th e  la rg e r  m ill. I t  w ill also 
he n o ticed  t h a t  in  th is  case th e  g ra in  size reach es 
a  c o n s ta n t va lue  a f te r  a b o u t 15 m in . m illin g . T his, 
in th e  a u th o r ’s op in io n , is one o f th e  m ost in te r e s t 
in g  fa c ts  in  connec tion  w ith  th e  q u estio n  o f m ill
in g  sand , and  th e  old id ea  of th e  c o n tin u o u s  b re a k 
ing  down of th e  san d  g ra in s  is obv iously  a fa lla c y ; 
a t  an y  r a te  u n d e r  th ese  p a r t ic u la r  co n d itio n s . 
In  o rd e r  to  te s t  th e  b re a k in g  down o f th e  sand  
g ra in s  in  m illin g  an d  how f a r  i t  is affec ted  by th e  
am o u n t of clay  g ra d e  a n d  m o is tu re  p re se n t , a 
F re n c h  red  sa n d  w as tem p e re d  w ith  w a te r  an d  
th en  m illed  in th e  sm all m ill u n d e r th e  sam e con
d itio n s  as th e  W orksop  red  san d . F re n c h  re d  san d  
w as selected  because i t  c o n ta in s  a m uch h ig h e rO
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clay  c o n te n t t lia n  W orksop red  sand , an d  i t  is 
g en era lly  b e tte r  d is tr ib u te d  over th e  silica  g ra in s . 
T ab le  X  shows t h a t  th e  effect on  th e  g ra in  size is 
a lm ost n eg lig ib le , so t h a t  u n d e r  th ese  cond itions 
th e  effect on th e  g ra in  size can  be con tro lled .

Amounts of Moisture Necessary for Naturally- 
Bonded Sands.

A t th e  p re se n t t im e  th e  m eth o d  in  use is sim ply 
to  te m p e r  th e  san d  u n t il  th e  san d  is cohesive 
enough  to  ho ld  to g e th e r  w ith o u t leav ing  a  sticky  
mess on th e  h an d s. W h a t co n tro ls  th e  a m o u n t of 
w a te r t h a t  a sand  will hold befo re  i t  reach es its  
s tick y  s ta te ?  By a d d in g  increased  p e rcen tag es  of 
w a te r  to  v a rio u s  sands, i t  h as  been shown t h a t  th e  
s t re n g th  g ra d u a lly  increases u n til  i t  reaches a 
m ax im u m , an d  th e n  i t  g ra d u a lly  fa lls  aw ay. In  
o th e r  w ords, ev ery  n a tu ra lly -b o n d e d  m ou ld ing  sand  
h a s  a n  o p tim u m  w a te r  c o n te n t. G en era lly  sp eak 
in g , i t  can  be s ta te d  t h a t  those  w ith  a  fe rru g in o u s 
bond h a v e  a  m uch  h ig h e r o p tim um  w a te r  c o n te n t 
t h a n  th o se  w ith  a  c lay  bond, t h a t  is, of course, 
assu m in g  th e  sam e p e rce n ta g e  of bond p re sen t. 
T he am o u n t of m o is tu re  re q u ire d  to  p roduce  th is  
m axim um  s tre n g th  can  v a ry  betw een  2 to  ab o u t 
40 p e r  c e n t , o f th e  c lay  g ra d e  p re se n t. N a tu ra l ly , 
o ne  would say  a t  f irs t g lance  t h a t  th is  is th e  b e st 
a m o u n t of m o is tu re  to  ad d , b u t i t  is p ro b ab le  t h a t  
th e  b e s t p ra c tic e  is to  w ork  w ith  th e  sands sligh tly  
on th e  d ry  side  r a th e r  th a n  to  aim  a t  th e  op tim um  
w a te r  c o n te n t. T ests on san d s w ill b ea r th is  ou t, 
as m en tio n ed  prev iously .

The Mobility of Clay in Moulding Sands.

In  view  o f th e  ra p id  s tr id e s  t h a t  a re  be ing  m ade 
in  steel fo u n d rie s  in  th e  use  o f g reen -san d  m ould
ing, th e  q u estio n  of a  c o rre c t a m o u n t of w a te r  to  
be ad d ed  for each  p a r t ic u la r  san d  should  be c a re 
fu lly  in v e s tig a te d  an d  d e te rm in e d . By m eans of 
m ethods of te s tin g  a lre ad y  described, i t  should be 
easy  fo r an y  fo u n d ry m an  to  d e te rm in e  th e  m ax i
m um  p erm issib le  a m o u n t o f w a te r  to  be added  to  
a n y  o f h is fac in g -san d  m ix tu re s , a n d  fo r u n i
fo rm ity  o f  re su lts  i t  is  f a ir ly  obvious t h a t  th e  
a m o u n t of w a te r  in  th e  san d  should be k e p t  w ith in  
fa ir ly  d e fin ite  lim its . Now t h a t  th e  a m o u n t of 
w a te r  to  be ad d ed  has been fixed, th e  n a tu r a l  ques
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tio n  t h a t  a rises  is how a n d  w hen should  i t  be 
ad d ed . F ro m  th e  above re su lts  r e la t in g  to  th e  
effect of m illin g  in  c ru sh in g  san d  g ra in s , i t  is 
obvious t h a t  th e  san d s should  be d ry , m ix ed  v e ry  
th o ro u g h ly , a n d  th e n  a c o rre c t a m o u n t of w a te r  
added'. I t  m u s t be b o rn e  in  m in d  - th a t  th e r e  is a 
t im e -fa c to r  in  th e  p e n e tra t io n  of w a te r  in to  an y  
loam y m a te r ia l ,  a n d  d u r in g  th is  p e n e tr a t io n  th e  
san d  g ra d u a lly  an d  s te a d ily  swells a n d  in c reases in  
volum e. T he clay g ra d e  becom es m ore  m obile, an d  
upon  th e  s lig h te s t  a p p lic a tio n  o f p re ssu re  o r ro ll
in g  w ill sp re ad  v e ry  easily , so t h a t  w hen  a  san d  is 
d ry -m ix ed , th e  w a te r  ad d ed , a n d  th e n  allow ed to  
s ta n d  fo r a  m a t te r  of, a t  le a s t,  a  few h o u rs, th e re  
is a  b e t te r  ch an ce  w hen  i t  is p u t  in to  th e  m ill of 
av o id in g  an y  a lte ra t io n  in  th e  g ra in  size. I n  fa c t, 
n o th in g  w ould be lo st by  le t t in g  i t  s ta n d  even  fo r 
a  few  d ay s, so as to  even  u p  th e  m o is tu re  c o n te n t 
o f th e  w hole m ass. B u t  ev en  a f te r  m illin g  a  very- 
la rg e  n u m b er of san d s show loam y p a rtic le s  d is t r i 
b u te d  ve ry  f re e ly  am o n g s t th e  sa n d  g r a in s ;  t h a t  is, 
th e re  h as n o t been suffic ien t m o b ility  in  th e  clay 
g ra d e  its e lf  to  en ab le  i t  to  be easily  sp re ad . T his 
is p a r tic u la r ly  so in  th e  case of th e  sy n th e tic  sands. 
How  o fte n  does o n e  find, on  e x a m in in g  a fire-clay 
b y  s iev ing , t h a t  a  v e ry  la rg e  a m o u n t o f th e  c lay , 
a f te r  w ash in g  fo r  m an y  h o u rs , is  le f t  in  la rg e  
lum ps. E v en  a f te r  m illin g  th e  sam e co n d itio n  p e r 
s is ts , so t h a t  th e  efficiency o f th e  ad d ed  clay  is 
o f te n  n o t g r e a te r  th a n  20 p e r  c en t. T h e  o b jec t 
m u s t be, th e re fo re , to  a ss is t in  th e  d is tr ib u tio n  o f 
th is  bond by som e m eans. I t  h as  a lre a d y  been  su g 
gested  t h a t  th is  is a id ed  by a llow ing  th e  m ix tu re  
to  s ta n d , a n d  now  we re q u ire  som e f u r th e r  a id . 
H e re  w e can  co n sid er th e  ac tio n  of a lk a lie s  and  
acids on clays. _ I t  is  a w ell-know n fa c t t h a t  
a lk a lie s  a n d  acids h a v e  v e ry  p ro fo u n d  effects on 
th e  p ro p e rt ie s  of c la y ; in  f a c t ,  use  is  m ad e  o f th is  
p o in t in  th e  ceram ic  in d u s try . T he a lk a lie s  seem 
to  loosen all th e  c lay  p a rtic le s , th e re b y  in c re as in g  
th e ir  m o b ility  o r in c re a s in g  th e i r  f lu id ity . H a v in g  
th u s  se p a ra te d  th e  la rg e  lu m p s of c lay  in to  fine 
p a r tic le s , i t  seem s to  p ro te c t  th e m , c au s in g  th e  c lay  
g rad e  to  re m a in  in  suspension  in s te a d  o f c o a g u la t
ing . S u re c h t  fo u n d  t h a t  th e  e la s t ic i ty  o f la clay  
could be increased  n e a r ly  fo u r  h u n d re d  p e r  cen t, 
bv th e  u se  o f su ita b le  q u a n ti t ie s  of v a rio u s  
a lka lies, so t h a t  c lay  g ra d e  o r  coagu le  g ra d es , as
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we co n sid er th em , w ill be sp read  m uch m ore easily  
by su ita b le  t r e a tm e n t  w ith  a lka lies. Only frac tio n s  
of 1 p e r  cen t, a r e  re q u ire d  to  b rin g  th is  ab o u t.

T h is p r in c ip le  h a s  been used  in  som e G erm an  
a n d  A m erican  fo u n d rie s  w ith  th e  id ea  of re v iv ify 
in g  used  m illin g  sands, a n d  th e  re su lts  a re  s ta te d  
to  h av e  been sa tis fa c to ry . So t h a t  th e  first 
m eth o d  considered  is t h a t  of th e  m ix in g  o f th e  
in g re d ie n ts  p e rfe c tly  d ry  a n d  th e n  a d d in g  a  very  
d i lu te d  a lk a lin e  so lu tio n  to  b r in g  a b o u t th e  neces
sa ry  m o b ility , a n d  t h a t  th is  a c tio n  w ill be con
sid e rab ly  a id ed  by a llow ing th e  m ix tu re  to  s ta n d  
a t  le a s t  a  few  h o u rs  before  m illing . T his m ethod  
can  h e  described  as th e  d ry  m ethod .

T he a l te rn a t iv e  m eth o d  is th e  w e t m ethod , w hich 
h as a lso been  used  in  th e  p re p a ra tio n  of sy n th e tic  
sands. H e re  th e  p la s tic  fireclay  added  is m ade 
in to  a s lu rry  an d  em ulsified an d  th e n  ad d ed  to  th e  
silica  san d  a lre a d y  in  th e  m ill. I t  is obvious th a t ,  
un less th e re  is sufficient c lea ran ce  in  th e  m ill, 
a  v ery  g re a t  c ru sh in g  a c tio n  w ill ta k e  place before  
th e  g ra in s  a re  sufficiently  co ated  to  behave- like  
ru b b e r  balls. P ro b ab ly  a b e tte r  p ro ced u re  w ould 
be to  m ix th e  firec lay -slu rry  w ith  a  silica  sand  in 
a n  o rd in a ry  p ad d le -ty p e  of m ach ine, allow to  d ry , 
an d  th e n  re -te m p e r to  th p  c o rre c t m o is tu re  before  
p u t t in g  i t  in  th e  p a n  m ill. T h is p ro ced u re  can  be 
m ad e  in fin ite ly  b e tte r  by re d u c in g  th e  bond added  
to  a t r u e  colloidal s ta te  by  m eans of some of th e  
m ach ines now  on  th e  m a rk e t. T he one th in g  th a t  
fo u n d rv m en  m u st a t te m p t  to  do is to  co a t th e  
g ra in  w ith  a  th in ,  even la y e r  of bond w ith o u t 
c ru sh in g  th e  silica  g ra in s , re su ltin g  in  th e  m ost 
cohesive san d  co m p atib le  w ith  th e  m ax im um  p e rm e
ab ility .

I t  is obv ious fro m  th e  re m a rk s  t h a t  hav e  already- 
been m ad e  t h a t  fo r u n ifo rm ity  of w ork  an d  p ro d u c t 
i t  is e ssen tia l t h a t  th e  d is tr ib u tio n  of th e  bond, 
th e  am o u n t of m o is tu re , an d  th e  g ra in  size should 
be con tro lled , an d  t h a t  w ork  m u s t be d irec te d  in 
th e  d ire c tio n  of p ro d u c in g  m ou ld ing  san d s of m ax i
m um  p e rm e ab ility  w ith  th e  necessary  cohesive 
s tre n g th .

Floor Sand.
T he m ost p e rfe c t fa c in g  sand  behaves ju s t  th e  

sam e as th e  w orst if a v ery  in fe r io r  floor sand  is
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used  fo r b ack in g . C onsider a  m ould  w ith , say , 
10 in . of sand  from  th e  p a t t e rn  to  th e  edge  of th e  
box, th e  p e rm e a b ility  of th e  fa c in g  sa n d  can  be 
co n sid ered  to  be 50, t h a t  of th e  floor san d  200, so 
t h a t  u s in g  1 in . of fa c in g  san d  a n d  9 in . o f floor 
san d  as a back in g , a  r e s u l ta n t  p e rm e a b ility  of 185 
is  o b ta in e d . I n  a d d itio n , th e  m o is tu re  in  th e  floor 
sand  is' o f te n tim e s  v e ry  u n ev en , th e  bond  i r re g u 
la r  an d  w eak . N u m ero u s tro u b le s  a re  d u e  to  th e  
q u a lity  of th e  b a ck in g  san d , a n d  e v e ry  fo u n d ry  
should , in  its  ow n in te re s t ,  co n tro l th is  p o in t v ery  
c a re fu lly . R e g a rd in g  th e  u se  o f floor san d  in  
fa c in g  m ix tu re s , i ts  s t r e n g th  an d  g ra in  size should  
be c a re fu lly  n o ted  if  i t  is d e s ired  to  p ro d u ce  a 
s ta n d a rd  fa c in g  sand .

Preparation of Compos.
W ith  re fe re n c e  to  th e  p re p a ra t io n  of com pos, 

h e re  a g a in  th e  m ost im p o r ta n t  p o in t is  to  keep  
close c o n tro l of th e  g ra in  size an d , fu r th e r ,  to  
e n su re  a n  ev en  d is tr ib u tio n  of th e  c lay  ad d ed . In  
p re p a r in g  c ru sh ed  p o ts, e tc .,  i t  is  e sse n tia l t h a t  a 
p e r fo ra te d  p a n  be u sed , so t h a t  th e  fin er m a te ria ls  
a re  re je c te d  im m e d ia te ly  on fo rm a tio n . T h is  w ill 
he lp  to  keep  down a n  excessive  fo rm a tio n  o f d u s t .  
T h e  c ru sh ed  rocks should  th e n  be  g ra d e d  th ro u g h  
sieves o r r id d le s  a n d  th e  d u s t blow n aw ay  ill an  
a ir  ch an n e l. T h e  bond  is p ro b a b ly  b e s t ad d ed  in  
th e  fo rm  o f a s lu rry , th e  w hole m ass tu r n e d  over 
by h a n d  o r m ixed  in  re v o lv in g  d ru m s. T h is h a v in g  
been  done, i t  is  p ro b ab ly  ad v isab le  to  allow  th e  
whole m ix tu re  to  d ry  a n d  re -te m p e r  to  a su ita b le  
consistency . I f  p u t  in  a p a n  m ill, th e r e  should  
be am ple  c lea ran ce  b e tw een  th e  ro lls  a n d  th e  
b o tto m  o f th e  p a n , so as to  e n su re  no  fu r th e r  
c ru sh in g . T h e  u n d e rly in g  id ea  h e re  is  to  o b ta in  a 
d e fin ite  g ra d in g  of th e  m a te r ia l  an d  to  e n su re  
uach g ra in  b e in g  well co a ted  w ith  i ts  bond.

M ost com pos a re  v e ry  v a r ia b le  in  g ra in  size, an d  
on th e  w hole h ig h ly  im p erm eab le  to  gases. T h is is 
d ue  to  th e  u n ev en  g ra d in g  of th e  m o is tu re .

B efore  leav in g  th e  q u estio n  of com pos, i t  should  
be s ta te d  t h a t  th e re  is an  econom ical l im it  to  th e  
m ax im um  size of th e  g ra in s  in  a  com pos used  as 
a  fa c in g  m ix tu re . I f  to o  coarse , th e n  th e  face  is 
likely  to  be  easily  d is in te g ra te d  d u r in g  c a s tin g , 
re su l tin g  in  excessive f e t t l in g  costs. As a  g en era l

»
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ru le , i t  m ay be s ta te d  t h a t  th e  coarsest p a rtic le s  
should  n o t exceed ¿-in . d ia ., o r ab o u t 3 m m . d ia ., 
th e  re m a in d e r  b e in g  su ita b ly  g rad ed  to  g ive th e  
re q u ire d  p e rm eab ility .

Drying of Sands and Compo Moulds.
I n  co n sid erin g  th is  q uestion , foundrym en m u st 

b ea r in  m in d  tw o  p o in ts . F i r s t  th a t  a  very  la rg e  
am o u n t o f d ry in g  is d one  on m ach ine-m ade  m oulds,

because  th e  w ork  is  c a rr ie d  o u t by unsk illed  lab o u r 
a n d  d ry in g  is th e re fo re  m ore a p re ca u tio n  th a n  a 
necessity . F u r th e r ,  m ost w ork  th a t  has to  be
m ach ined  is d ried  to  m ake su re  of soundness in  th e  
m ach in ed  p a r ts . M ost of th is  class o f  w ork is 
d r ie d  be tw een  200 an d  300 deg. C ., irre sp ec tiv e  of 
th e  san d s used. W ith  th e  la rg e r  w ork, we n o t 
only  g e t d ry in g , b u t  even calc in in g  and  compos a re  
stoved  to  500 o r 600 deg. C. B efo re  th e  w a r, a t  
K x upps, com po-m oulds w ere  even d raw n  a t  a red  
h e a t, b u t  th e  q u estio n  t h a t  in te re s ts  us is, w h a t 
hap p en s on d ry in g  a  m ould? A few tab le s  have  
a lre ad y  been shown w here  th e  s tre n g th  and  also 
th e  p e rm e ab ility , a f te r  d ry in g  a t  100 deg . C., hav e  
been reco rded .

F ig . 4. shows th e  re su lts  o b ta in e d  on a  sy n th e tic  
m ix tu re  of silica san d  an d  a fireclay. I t  w ill be 
seen t h a t  on d ry in g  a t  100 deg. C ., th e  s tre n g th  
has been in creased  from  260 grs. p e r  sq. m  to
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•3,400 g rs . to  th e  sq. in ., an d  i t  is p ra c t ic a lly  u n 
affected  to  a b o u t 200 deg. O. On f u r th e r  h e a tin g , 
th e  s tr e n g th  g ra d u a lly  g e ts  less, b u t  th e  decrease  
is n o t  se rio u s an d  th e  p e rm e a b ility  is ev en  less 
affected . T h is  fa lling , off in  s tr e n g th  is  p ro b ab ly  
d u e  to  th e  c o n tra c tio n  of th e  c lay  film ro u n d  th e  
g ra in s , th e re b y  s e t t in g  up  fissures o f w eakness. 
R e g a rd in g  th e  effect of d ry in g  on  p e rm e a b ility  in

g en era l, i t  can  be sa id  t h a t  d ry in g  a  sa n d  
increases th e  p e rm e a b ility  v e ry  co n sid erab ly , a n  
im p ro v em en t of 50 p e r  cen t, b e in g  easily  o b ta in e d  
in  som e san d s. I n  p ra c t ic e  th e  d ifference  is  
p ro b ab ly  s ti ll  g re a te r  becau se  th e  h o t  gases 
e m a n a tin g  from  a  g re en  san d  m ould  w ill n a tu ra l ly  
e v a p o ra te  th e  w a te r  in  th e  san d , s e t t in g  rip  a  
m uch  g re a teq  re s is ta n c e  th a n  h a p p en s  u n d e r  th e  
co n d itio n s  of o u r  te s t .

W ith  r e g a rd  to  th e  s t r e n g th  o f sa n d s  on d ry in g , 
th is  is in c reased  from  2- to  20-fold, d e p en d in g  firs t 
upon  th e  a m o u n t, a n d  secondly  u p o n  th e  n a tu r e  of 
th e  bond  p re sen t.

F ig . 5 show s th e  effect of h e a t in g  of B e lg ia n  re d  
sand . I t  w ill be  n o tic e d  t h a t  th e  b e h av io u r of th is  
san d  is  q u ite  d if fe re n t from  th e  p re v io u s  one, a n d  
th a t ,  a f te r  100 deg. C., th e re  is a  w ell-know n fa c t
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t h a t  th ese  n a tu ra lly -b o n d e d  san d s a re  m uch m ore 
easily  b u rn t  th a n  th o se  m ad e  o f a silica  sand  and  
fireclay, a n d  we h av e  h e re  a  p robab le  ex p la n a tio n  
of th e  cause.

F ig . 6 shows th e  effect o f d ry in g  F re n c h  red  
san d , w hich  behaves in  a v ery  s im ila r  m an n e r to  
B e lg ian  re d  san d , a lth o u g h  th e  loss in  s t re n g th  is 
n o t  n e a r ly  as serious. F o r  som e unkn o w n  reason  
W orksop red  san d  does n o t show th is  b eh av io u r to  
n ea rly  such a m ark ed  e x te n t. U p to  300 deg. C. 
th e re  is h a rd ly  a n y  ch an g e  in  th e  physical p ro 
p e r tie s  o f th e  sand . Of course, th e re  is less bond 
in  W orksop  san d  th a n  in  F re n c h — p ro b ab ly  th is  
h a s so m e th in g  to  do w ith  th e  e x p la n a tio n , and 
also th e  a m o u n t a n d  n a tu r e  of th e  colloids. I f

2l 23 Dtff£X£A/C£

F i g . 6 .— T e s t s  o n  F r e n c h  B e d  S a n d .

m o u ld in g  sands a re  te s te d  fo r s tre n g th  an d  p e r
m eab ility  w hen  h o t, th e y  give a  very  d iffe ren t 
figu re  from  t h a t  o b ta in e d  w hen  cold. T he sands 
a re  ve ry  m uch s tro n g e r, as m uch as 20 to  30 p er 
c e n t.,  and  m ore  im perm eable .

T h e  conclusions to  be d raw n  from  th is  p a p e r  a re  
t h a t  san d s w ith  a  la rg e  a m o u n t of bond ing  
m a te ria l  d e te r io ra te  m uch  m ore ra p id ly  on h e a tin g  
above 100 deg. C. th a n  th ose  w ith  a sm all am o u n t
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of bond, a n d  t h a t  n a tu ra lly -b o n d e d  sa n d s  show 
th is  b e h av io u r in  a v e ry  p ro n o u n ced  m a n n e r . 
F u r th e r ,  th o se  w ith  a  fireclay  bond w ill s ta n d  a 
g r e a t  d ea l m ore  fire  th a n  those  w ith  a n a tu r a l  
bond o r a  fe rru g in o u s  bond.

F o r  th e  fix ing  of te m p e ra tu re s  fo r  d ry in g  
o rd in a ry  m ou lds of n a tu ra l ly  bonded  sa n d s  o r 
sy n th e tic  san d s, i t  is n o t ad v isab le  to  go beyond 
205 deg . C., ex cep t in  sp ec ia l c irc u m stan c es  w here  
th e  m ould h a s  to  c o n tra c t  u n d e r  t h e  ac tio n  of th e  
steel. I n  such  cases, i t  m ig h t be necessa ry  to  go 
as n e a r  th e  r o t t in g  p o in t  as possible, b u t  i t  m u st 
a lw ays be  b o rn e  in  m in d  t h a t  if  th e  sk in  of th e se  
m oulds is b ro ken , p a tc h in g  is im possible, a n d  th e  
re su lt  is in v a r ia b ly  a  d i r ty  a n d  u n so u n d  c a s tin g . 
A so u n d e r w ay  is to  a r ra n g e  c av itie s  in  th e  m ould  
a n d  to  d ry  a t  te m p e ra tu re s  n o t  exceed ing  300 deg . 
C. I t  is to  be  r e g re t te d  t h a t  th e  ex p an sio n  o r 
co n tra c tio n  of th ese  sa n d s  w as n o t  d e te rm in e d  
d u r in g  th ese  e x p e rim e n ts , b u t  i t  is a f a c t  t h a t  
silica  san d s do e x p an d  an d  th e  size of m oulds w hen 
d ry  an d  w hen g re en  is  seldom  th e  sam e. O ne 
can  see th is  d a ily  in  an y  fo u n d ry . C ores w ill n o t  
go in to  c o re -p r in ts  w ith o u t filing  o r  ru b b in g . 
W eig h ts  o f c a s tin g s  v e ry  o f te n  d iffer, th o u g h  th e  
g reen -san d  m oulds a re  o f th e  sam e m ea su re m e n t, 
th is  b e in g  d u e , of course , solely to  t h e  d iffe re n t 
te m p e ra tu re s  a t  w hich  th e  m oulds w ere  b ak ed . I n  
fine w ork , th e  q u estio n  o f th e  v a r ia tio n  in  th e  size 
o f th e  m oulds becom es an  im p o r ta n t  p o in t.

R e g a rd in g  th e  r a te  o f d ry in g , th is  d ep en d s on 
th e  m ass of san d  to  be d ried . T h e  la rg e r  th e  
m ass, th e  slower th e  d ry in g . F u r th e r ,  th e  m oulds 
m u s t be v e ry  well v e n te d  to  allow  th e  s te am  to  g e t 
aw ay  easily , o th e rw ise  bad ly  c rack ed  m oulds a re  
p rod u ced . I n  com pos, th is  excessive c rac k in g  can  
a lso  be caused  by a n  excessive  a m o u n t o f fireclay  
in g re d ie n ts , an d  i t  is obvious t h a t  i f  th e  fissures or 
c rack s a re  of la rg e  d im ensions, th e n  th e  size o f th e  
m ould m u st v a ry  v e ry  co n sid erab ly  from  w h a t i t  
should  be, in  fa c t ,  i t  is even  possible to  find a 
m ould  so ch an g ed  in  sh a p e  t h a t  th e  m ac h in in g  
a llow ance h as g e n era lly  d isa p p ea red .

R e g a rd in g  th e  d ry in g  of m oulds g e n era lly , th e  
p o in ts  to  b e a r in  m in d  a re  to  d ry  slowly a n d  well 
v e n t a ll th e  m oulds a n d , fu r th e r ,  to  k eep  th e  te m 
p e ra tu re  of d ry in g  u n d e r  close co n tro l.
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Conclusions.
F ro m  th e  d a ta  g iv en  in  th is  p a p e r , i t  is f a ir  to  

say  t h a t  w ith  o u r  p re se n t in fo rm a tio n , and 
m eth o d s of te s tin g , we a re  in  a p o s itio n  to  o b ta in  
re liab le  d a ta  re g a rd in g  san d s used  fo r m oulding 
p u rposes, a n d  by a  series of ro u tin e  tests-—all of a 
sim ple  c h a ra c te r— close co n tro l c an  be  k e p t of th e  
m ix tu re s  used . T h is  w ill u n d o u b ted ly  assist 
fo u n d ry m en  in  th e  tra c k in g  dow n of m an y  
m y sterio u s fo u n d ry  tro u b les.

E m p h a sis  h a s been la id  on th e  question  of 
m o is tu re  in  san d s : Too l i t t l e  a t te n tio n  is p a id  to  
th is  side  of th e  q u es tio n , an d  th is , in  sp ite  of th e  
fa c t t h a t  a w ro n g  m o is tu re  c o n te n t can  m ake  a 
good san d  a  b ad  one.

T h e  q u estio n  of m o re  c a re fu l con tro l of floor 
sa n d  h a s  been  to u ch ed  u p on , an d  i t  h as  been 
p o in te d  o u t  t h a t  n u m ero u s  san d  tro u b le s  a re  due 
to  th is  an d  n o t to  th e  fa c in g  sand .

T he a u th o r  h a s n o t seen m an y  re su lts  on th e  
d ry in g  of san d s, a n d  th e  effect of such d ry in g  on 
th e  p ro p e rtie s  o f th e  san d . T hese re su lts  a re , 
th e re fo re , p u t  fo rw a rd  in  th e  hope t h a t  th e y  will 
g ive  a ll fo u n d ry  w o rk ers  som e id ea  a s  to  w h a t 
h a p p e n s  on  d ry in g  a  m ou ld ing  sand . A n a tte m p t 
has also been m ad e  to  s tu d y  th e  effect of m illing  
sands, a n d  i t  is h oped  to  in v e s tig a te  th is  question  
m uch m ore fu lly  a t  a n  e a rly  d a te , especially  in  
view o f th e  in te re s t in g  re su lts  o b ta in ed .

All fo u n d ry  w o rk ers a re  sea rc h in g  fo r  th e  ideal 
m ou ld in g  san d — th e  p a n ac ea  fo r  a ll fo u n d ry  evils 
— an d  i t  is h oped  t h a t  th e  re su lts  p re sen te d  in  th is  
P a p e r  w ill be of som e a ssis tan ce  to  those  w orkers.

I t  c an  be s ta te d  b riefly  t h a t  some of th e  essen tia l 
p ro p e rtie s  of th is  idea l sa n d  a re  :—

(a) T h a t  i t  be  h ig h ly  p e rm eab le  if  open to  gases, 
a n d  w h a t is m ore  im p o r ta n t, th e  r a te  of increase  
of p e rm e ab ility  w ith  d e n sity  of ra m m in g  or h a rd 
ness should  be  low.

(b) I t  should  also develop m axim um  s tre n g th , 
su ita b le  fo r m o u ld ing , w ith  a  m in im um  a m o u n t of 
m o is tu re .

(c) T he bond should  be  m obile, t h a t  is, i t  should 
be e asy  to  develop m ax im um  cohesiveness w ith  
s lig h t m echan ical p re p a ra tio n .

M an y  o th e r  conclusions can  be  d raw n  from  
th e  p u b lished  re su lts  on th e  p ro p e rtie s  o f m ould
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ing  sands, b u t  in  o u r  in te re s ts  i t  is e sse n tia l t h a t  
we should  im m ed ia te ly  a g ree  upon  som e d e f in ite  
s ta n d a rd s  w hich  a re  he lp fu l to  all fo u n d ry m en . 
U n fo r tu n a te ly , we h av e  no fixed s ta n d a rd  of t e s t 
in g , re su ltin g  in  a g r e a t  deal of co n fu sio n  a n d , 
w h a t is m ore  u n fo r tu n a te ,  in  th e  in a b il i ty  - to  
c o -o rd in a te  th e  v a rio u s  re su l ts  p u b lish ed .

I t  is  o n ly  by co -o rd in a tio n  t h a t  w e can  h ope  to  
m ak e  p ro g ress , a n d  i t  behoves u s, in  o u r  ow n 
in te re s ts , to  ta k e  th is  m a t te r  in  h a n d  an d  decide  
on som e d e fin ite  s ta n d a rd  fo r re fe re n ce .

\
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Lancashire Branch.
NON-MAGNETIC CAST IRON;

By S. E. Dawson, A.I.C.

In  co n sid e rin g  cas t iro n  as ap p lied  to  in d u s try  
on e  is s tru c k  by th e  c o m p ara tiv e ly  sm all field in  
which i t  is u tilise d . U p to  re c e n t y e a rs  i t  was 
only  co n sid ered  w here  b u lk  and  re la tiv e  low m ech
an ica l an d  e le c tr ica l p ro p e rtie s  w ere called fo r, b u t 
o f la te  y e a rs , a n d  due la rg e ly  to  a  closer in v es ti
g a tio n  of its  p o te n tia l  p o ssib ilities , i t  h a s  been  
to  som e e x te n t  ra ised  o u t of th is  ca teg o ry . B y th e  
a t ta in m e n t  of in creased  m ech an ica l s t re n g th , by 
a  b e t te r  u n d e rs ta n d in g  o f i ts  e lec tr ica l an d  m ag- 
n e tic a l p ro p e rtie s , an d  by th e  m ore  a cc u ra te  p ro 
d u c tio n  o f c a s tin g s  to  ab so lu te  d im ensions and  
design , i t  is n o t  now so lig h tly  cas t aside in  fa v o u r  
of s teel, b ronze, e tc .

As ap p lied  to  th e  e le c tr ica l in d u s try  i ts  fu n d a 
m en ta l d raw b ack  w as t h a t  i t  w as m ag n e tic  to  a 
g re a te r  e x te n t  th a n  any  o th e r  m eta l, b u t  even  th is  
f e a tu re  has now been  overcom e, so t h a t  we have  
a  m e ta l  w hich a t  once becom es a  co m p e tito r  of 
b rass, a lu m in iu m  a n d  o th e r  non -m ag n e tic  
m a te ria ls .

D u r in g  th e  la s t  few  y e ars  c a s t  iro n  h as th e re 
fo re  e n te re d  in to  m an y  fields fo r  w hich  i t  h ad  
p rev iously  n o t been  consid ered , fo r  one o r  o th e r  
o f th e  above reaso n s , an d  -as f u r th e r  in v es tig a tio n s  
which a re  now in h a n d  develop i t  m ay be hoped 
t h a t  c a s t iro n  w ill o b ta in  th e  c o n sid e ra tio n  th a t  
i t  m e r its  fo r  in d u s tr ia l  purposes.

Im p ro v em en ts  in  c a s t iro n  a re  b e in g  actively  
so u g h t fo r  by th e  B r i tish  C ast I ro n  R esearch  Asso
c ia tio n , as well as by p r iv a te  re sea rch  s tu d e n ts , 
a n d  th e  p lac in g  o f s ta n d a rd  specifications fo r all 
ty p es  a n d  uses o f  c a s t iron  on a firm  fo o tin g  will 
m a te r ia lly  he lp  in  th is  d irec tio n .

T he a v erag e  e n g in e er knows l i t t le  ab o u t cas t 
iro n  beyond  th e  chem ical analysis, b u t  as th e  u sua l 
m ethod  o f e x p ress in g  th is  is  m erely  a  s ta te m e n t of 
th e  “ u l t i m a t e "  c o n te n t of v a rio u s e lem en ts in 
w hich fo rm , as a  m a t te r  o f fa c t ,  th e y  do n o t in
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th e  m a jo r i ty  o f cases ex is t, no m easu re  o f  th e  
a c tu a l com p o n en ts of c a s t iro n  is in d ic a te d .

E ach  of th e  e lem en ts  fo u n d  by a n a ly s is  a re  
cap ab le  o f co m b in in g  s e p a ra te ly  w ith  on e  a n o th e r  
to fo rm  com pounds w hich , as in  th e  case  o f m ost

T i m e

F io . 1.

in o rg an ic  com pounds o r sa lts , have  p ro p e r t ie s  an d  
c h a ra c te ris tic s  d is t in c t  fro m  th e  in d iv id u a l ele
m en ts . I t  is th u s  e v id e n t t h a t  th e  a c tu a l  effect 
of th e  co m ponen t p a r ts  of c a s t  iro n , o th e r  th a n



p u re  iro n , m ay  be v astly  d iffe re n t from  t h a t  of 
th e  in d iv id u a l e lem en ts, and  w ith  some of these  
th is  is a c tu a lly  th e  case.

P h o sp h o ru s, fo r  exam ple , cou ld  n o t e x is t se p a r
a te ly  in  c a s t iro n  fo r  obvious reasons. I n  th e  
fo rm  of p h osph ide  o f iro n , how ever, i t  c an  and  
does ex is t, a n d  since th is  su b stan ce  is  ve ry  b r i t t le  
a n d  h a rd  i t  c o n s titu te s  a  possible source of g re a t  
tro u b le  in  th e  m ach in e  shops if  n o t  k e p t  u n d e r  
very  c a re fu l co n tro l as to  i ts  d isp o sitio n  th ro u g h 
o u t  th e  m eta l. T h is com pound of p hosph ide  of 
iron  h a s  o th e r  fe a tu re s  w hich, as will be  seen p re 
sen tly , hav e  a p ro fo u n d  in fluence  on c a s t  iron . 
T h e  effect, th e re fo re , o f a  sm all p e rce n ta g e  of 
p h o sp h o ru s as rev ea led  by th e  o rd in a ry  chem ical 
a n a ly sis  assum es a  d if fe re n t a sp ec t w hen view ed 
in  th e  l ig h t  o f i ts  effect as p h osph ide  of iro n , since 
th e  l a t t e r  com pound is  a p p ro x im a te ly  65 tim es  

( y 1/ )  t h a t  o f th e  p h o sp h o ru s c o n te n t.
I n  th e  sam e w ay c a rb o n , w hen com bined w ith  

iro n , fo rm  a com pound a b o u t 15 tim es  g r e a te r  
th a n  th e  e le m en t itse lf , a n d  as th is  c a rh id e  of 
iro n  is  a  h a rd  m a te r ia l  i t s  effect m ig h t be, a n d  
som etim es is, v ery  d isa s tro u s .

To v isualise  th e  com positions of a  c a s t  iron , one 
m ig h t u se fu lly  p lace side  by  side th e  chem ical 
a n a ly sis  as fo u n d  in  th e  lab o ra to ry , an d  th e  p ro 
p o rtio n  o f com pounds d e riv ed  th e re fro m  by ca lcu 
la tio n . T his is done in  T able  I .
T a b l e  I .— The U lt im a te  and  R a tiona l  Analyses of 

Cast Iron .
■ U ltim ate Rational 

analysis analysis 
per cent, per cent.

Graphite CarboD 2.70 giving 2.7 Graphite.
Combined ,, 0.75 „ 11.2 Carbide of iron

É (Fe»C).
Silicon 2.33 „ 7.0 Silicide of iron

(FeSi).
Manganese 0.60 „ 0.6
Phosphorus 1.10 „ 7.1 Phosphide of iron

(Fe,P).
Sulphur 0.08 „ 0.2 Sulphide of iron

(F e S ,) .
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T he m an g an ese  w ould be p re s e n t  as c a r 
b id e  o r su lp h id e , b u t  to  avo id  co m p lica tio n s  fo r 
co m p ariso n  h e re , th e se  l a t t e r  a re  show n as a ll com 
b in ed  w ith  iro n  a n d  th e  m an g an ese  le f t  as if  free , 
th o u g h  a c tu a lly  i t  w ould ta k e  th e  p lace o f th e  
iro n  s im ila rly  com bined , b u t  th is  a r ra n g e m e n t  w ill 
m ak e  l i t t le  d ifference  in  th e  above figures.

T h e  effect of 28 p e r  c e n t, of co m pounds o th e r  
t h a n  iro n , a n d  each  w ith  c h a ra c te r is tic s  o f th e i r  
ow n, a n d  d iffe rin g  g re a t ly  fro m  iro n  its e lf ,  allows 
one to  re a lis e  th e  im p o rta n c e  o f th e  “ f o r e i g n ”  
e lem en ts  p re se n t  in  c a s t  iro n .

The Effect and Distribution of Constituents.
H a v in g  th u s  co n sid e red  th e  v a s t  p o ss ib ilitie s  fo r 

d ifferences o f c a s t  iro n , i t  is u se fu l to  in v e s tig a te  
th e  effect o f  th e  v a r io u s  c o n s titu e n ts , a n d  th e  
m ean s of d e te rm in in g  th e  m a n n e r  in  w h ich  th e y  
a re  lo ca ted  o r d is tr ib u te d , so as to  a r r iv e  a t  th e i r  
p ro b ab le  effect o n  th e  m ass as a  whole. T h is  is a 
m a t te r  w hich co n cern s a ll a lloys a n d  s tu d y  o f th e  
eq u ilib riu m  o f m ixed  m e ta ls  affo rds v a lu a b le  in fo r 
m a tio n , w hich , w hen  a p p lie d  to  c a s t  iro n , e x p la in s  
m an y  o f th e  p rob lem s w hich  a re  m e t w ith  in  th e  
fo u n d ry  a n d  m ach in e  shops.

O n a d d in g  o ne  liq u id  m e ta l  to  a n o th e r , th e  re 
s u l ta n t  m ix tu re  is u su a lly  hom ogeneous so long  as 
th e  m ix tu re  re m a in s  liq u id . T he alloy , ho w ev er, 
a f te r  so lid ificatio n , m ay  h a v e  m o re  th a n  o n e  con
s t i tu e n t  fro m  a  s t r u c tu r a l  p o in t  o f  view . Som e of 
th ese  v a r io u s  c o n s t itu e n ts , u n lik e  cheanical com 
pounds, a re  n o t  n ecessa rily  com posed o f th e  ele
m e n ts  com bined  to g e th e r  in  d e fin ite  r a t io s  a n d  
m oreover v a ry  w ith  th e  p h y sica l co n d itio n s  w hich 
have  p re v a ile d  d u r in g  th e  cooling-dow n p e rio d , 
a n d  m ay  f u r th e r  v a ry  a t  a  l a te r  s ta g e  even  w hen 
solid by m ech an ica l ac tio n .

W h en  th e  a lloy  p ro d u c ed  by  a d d in g  o n e  m e ta l 
to  a n o th e r  fo rm s a  hom ogeneous so lu tio n , th e  one 
re s u ltin g  c o n s t itu e n t  is c a lled  a  so lid  so lu tio n . I n  
an  alloy, th e n , th e r e  m ay  be  th re e  c o n s t i tu e n ts : 
— (a) A p u re  m e ta l ; (b ) a  chem ica l c o m p o u n d ; an d  
(c) a solid  so lu tio n , a n d  th ese  m ay  a ll e x is t  a t  one 
an d  th e  sam e tim e  in  th e  sam e  alloy.

T he chem ical com pounds, how ever, do n o t  a lw ays 
follow  th e  law  o f va lency , a n d  m ay  be co n sid ered  
m ore as m o lecu la r com pounds, w hich  a r e  cap a b le
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T/m e  

F ig .  2.

In  th e  case o f solid  so lu tions, h e re , ag a in , th e  
fo rces h o ld in g  th e  com ponen ts to g e th e r  a re  re la 
tiv e ly  feeb le, a n d  each  can  he recovered  by su it-

2 d
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ab le  m ech an ica l o r  physica l m ean s , so t h a t  th e  
a p p e a ra n c e  an d  p ro p e rt ie s  of a  so lid  so lu tio n  a re  
n o t very  d iffe re n t fro m  th e  in d iv id u a l p a r t s  d is
solved in each  o th e r , a n d  also solid  so lu tio n  lik e  
liq u id  so lu tio n  does n o t  ta k e  p lace  in  a n y  fixed 
r a t io .  W h en  we th u s  see w h a t an  alloy m ig h t con
s is t  of, th e  n e x t  s tep  is to  a d o p t m ean s to  in v e s ti
g a te  th e se  co n d itio n s.

In  in v e s tig a tin g  a n  alloy, th e n , m ean s m u s t  be 
a d o p te d  to  d e te rm in e  th e  p ro p o r tio n  a n d  c h a r 
a c te r is tic s  of each  o f th e  c o n s t itu e n ts  w hich m ay  
be p re se n t, an d  in  p ro d u c in g  a d e fin ite  alloy  a n  
e n d ea v o u r  m u s t be m ad e  to  in tro d u c e  th e  con
s t i tu e n ts  in  such  a  fo rm  as to  g iv e  to  th e  alloy 
th e  p ro p e rt ie s  so u g h t.

C hem ical an a ly sis , as a lre a d y  e x p la in ed , w h ils t 
be in g  th e  s t a r t in g  p o in t  o r  fo u n d a tio n  o f an y  
in v e s tig a tio n  does n o t c a r ry  o n e  v e ry  f a r  to w a rd s  
th e  co n cep tio n  o f th e  s t r u c tu r e  o f  a n  alloy, and  
on e  h as to  su p p le m e n t th e  know ledge th u s  g a in e d  
by o th e r  m ean s. M icroscopic  e x a m in a tio n  m ark e d  
a g r e a t  ad v an ce  in  th u s  in v e s tig a tin g  alloys, b u t  
p e rh ap s  m ore d ire c t  know ledge can  be o b ta in e d  by 
a n  e x a m in a tio n  o f th e i r  cooling  cu rves.

To i l lu s t r a te  th e  u se fu ln ess o f a n  in v e s tig a tio n  
in to  th e  cooling cu rv es  o f  a n  alloy, we m ig h t  co n 
sid e r th e  case o f a p u re  m e ta l, a n d  to  c ry s ta ll is e  
o u r  th o u g h ts  on  th is  also ta k e  th e  p a ra lle l  case  
of a s im ila r  c o m b in a tio n  o f com m on occu rren ce , 
nam ely , th e  coo ling  o f ice a n d  w a te r.

W h en  a  m ass of w a te r  is caused  to  cool down 
th ro u g h  i ts  free z in g  p o in t,  th e  r a te  a t  w hich its  
te m p e ra tu re  fa lls  becom es slow er a n d  slow er, t h a t  
is, th e  c u rv e  ta k e s  th e  form  of a  h v n e rb o lic  cu rv e  
as shown in  F ig . 1 . T h is cu rv e  w ill be  q u ite  even  
o r sm ooth  u n t i l  a  te m p e ra tu r e  o f  0 cleg. C. is 
reach ed , w hen th e  te m p e ra tu re  will re m a in  con
s ta n t  u n t i l  a ll th e  w a te r  h a s  so lid ified , a f te r  
which th e  fa ll in  te m p e ra tu re  will c o n tin u e  u n til  
t h a t  of th e  coo ling  m ed ium  is reach ed .

T his r e ta r d a t io n  in  th e  coo ling  c u rv e  is d u e  to  
a  c e r ta in  sm all a m o u n t of h e a t  w hich  is  l ib e ra te d  
in  th e  w a te r  p a ss in g  from  th e  liau id  to  th e  solid 
s ta te .  T h is  sam e p h e n o m e n a  o ccu rs s im ila rly  w hen 
a  m eta l o r a lloy  u n d e rg o es an y  p h y sica l ch an g e , 
a n d , in deed , w hen i t  u n d e rg o es  an y  c h an g e  e ith e r  
chem ical o r  p hysical w h ilst cooling dow n. F o r
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ex am p le, F ig . 1 m ig h t eq u ally  re p re se n t in  gen era l 
c o n to u r  th e  cooling cu rv e  of any  p u re  m e ta l w here 
on ly  a  ch an g e  from  th e  liq u id  to  th e  solid s ta te  
h a s  ta k e n  p lace . T hus we see t h a t  th e  cooling 
cu rv e  g ives a n  easy  m ethod  of d e te c tin g  a change 
ta k in g  p lace in  a  m ass o f m e ta l w hen cooling 
dow n. T o  c a r ry  th is  f u r th e r  we m ig h t now  ta k e  a 
p a ra lle l  exam ple  o f a b in a ry  alloy, t h a t  is a n  alloy 
of tw o com ponents, a n d  use th e  case of a so lu tion  
of s a lt  in  w a te r  as o u r  gu ide.

W h en  a  s a l t  so lu tio n  cools i t  does n o t freeze 
in to  a  hom ogeneous m ass of th e  sam e com posi
t io n  as th e  liq u id  so lu tio n  as does pu,re w a te r , b u t  
se p a ra te s  in to  th e  tw o co m ponen ts, w a te r  and  
sa lt, a  f a c t  know n as se lective  freez in g . Thus, 
th e  w a te r  f irs t  com m ences to  freeze  o u t  to  form  
m ore  o r  less p u re  ice, leav in g  th e  s a lt  to  fo rm  a 
s tro n g e r  so lu tio n  o r “  m o th er-liq u o r ” w ith  th e  
re m a in in g  w a te r  w hich, becom ing m ore sa lin e , an d  
follow ing th e  law  o f im p u rit ie s , low ering  th e  p u re  
free z in g  jio in t, h as  a  lower ice freez in g -o u t p o in t 
s till. T h is p ro g ressiv e  e n ric h m e n t of th e  s a l t  solu
tio n  c o n tin u e s  u n t i l  a  te m p e ra tu re  o f — 22 deg. C. 
is reach ed  w hen th e  p e rc e n ta g e  o f sa lt in  th e  
m o th e r l iq u o r  becom es 23.6 p e r  c e n t.,  a n d  th e  
whole m ass freezes (since th is  is th e  p e rce n ta g e  
s tre n g th  of low est fu sib ility ) w ith o u t an y  re g a rd  
to se lection  w ith  a f u r th e r  re ta rd a t io n  in  th e  cu rve  
d ue  to  th is  f u r th e r  p hysical ch an g e . W e th u s  g e t 
a  c u rv e  as show n in  F ig . 2, w hich a g a in  m ig h t 
eq ually  re p re s e n t  th e  coo ling  cu rv e  of a sim ple 
b in a ry  alloy .

No m a t te r  w h a t m ig h t be  th e  p e rce n ta g e  of 
sa lt in  th e  so lu tio n , th e re  is no f u r th e r  se p a ra tio n  
o r free z in g  o u t  of sa lt  a f te r  th is  23.6 p e r  cen t, 
p o in t h a s  been reach ed  a t  a  te m p e ra tu re  o f — 22 
deg. C ., a n d  a n y  excess sa lt over and  above th is  
a m o u n t in  th e  o r ig in a l so lu tion  freezes o u t  before  
th e  r e ta r d a t io n  show n in  F ig . 2. T h is p e rce n ta g e  
of so lu te  to  so lv en t is  know n as th e  e u te c tic  
(low est m e ltin g ) , an d  is  th e  m ost fu sib le  p a r t  of 
th e  m ass. T hus in  some alloys th e re  is a e u te c tic  
w hich h a s  a c o n s ta n t  com position , a n d  which so lid i
fies a t  a c o n s ta n t  te m p e ra tu re .

In  m ore com plex alloys th e  eu te c tic  m ay consist 
o f a d e fin ite  com pound, in te r s tra t if ie d  w ith  a n o th e r 
m eta l, fo r  exam ple , c em en tite  (F e sC) in te r s t r a t i -

2 d  2
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fled w ith  p u re  iro n  in  s tee l, o r p h o sp h id e  of iron  
(F e ,P )  in te r s t ra t i f ie d  w ith  a so lid  so lu tio n  of phos- - 
p h id e  o f iro n  in  c a s t  iro n .

T hese c o n s id e ra tio n s  a re  a ll a ssu m in g  t h a t  th e  
co n d itio n s  o f cooling h a v e  b een  su ch  as to  allow  
all th e  ch an g es to  ta k e  p lace  fu lly  b e fo re  a  subse
q u e n t effect h a s  com m enced, a n d  in  in v e s tig a tin g  
a n  alloy by th is  m eth o d  th e  co o lin g  m u s t  be  suffi
c ie n tly  slow as to  allow o f th e  te m p e ra tu r e  ch an g e  
p o in ts  re co rd e d  to  be  a t r u e  c r ite r io n  o f th e  fu ll  
c h an g es ta k in g  p lace.

These in te r s t r a t i f ie d  p la te s  a re  cap ab le , u n d e r  
c e r ta in  c o n d itio n s  o f  h e a t  t r e a tm e n t ,  o f  p a r t i a l  
tra n s fu s io n  o r  seg reg a tio n , a n d  th is  m ay  a lso  ta k e  
p lace  d u r in g  th e  coo ling  dow n o f an  a lloy  i f  th e  
c o n d itio n s  a re  su ffic ien tly  p ro lo n g ed  to  allow  i t  to  
o ccur.

I t  w ill be c le a r  fro m  th e  p re v io u s  re m a rk s  t h a t  
th e  e u te c tic  is th e  la s t  c o n s t i tu e n t  o f  a n  a lloy  to  
so lid ify , a n d  t h a t  i t  w ill, d u e  to  th e  e a r l ie r  c ry s ta l 
l is a t io n  o f th e  excess m e ta l  ( t h a t  is, th e  excess over 
e u te c tic  re q u ire m e n ts ) , be foundl in  b e tw een  a n d  
ro u n d  th o se  c ry s ta ls . As th is  e a r l ie r  c ry s ta ll is a 
tio n  ta k e s  p lace  th e  te n d e n c y  is f o r  th e  s ti ll  m ol
te n  e u te c t ic  to  b e  squeezed  fo rw a rd  in  th e  d ire c 
tio n  o f so lid ifica tio n  o r  cooling , t h a t  is, f ro m  th e  
o u ts id e  of an  in g o t o r c a s tin g  to  th e  p o r tio n  of 
b ig g es t m ass, in c id e n ta lly  ta k in g  a d v a n ta g e  o f a n y  
c av ity  du e  to  sh r in k a g e  o r  o th e r  cau ses w hich  i t  
c an  occupy.

Phosphide Eutectic.
Now, in  th e  case of c a s t  iro n  th e  e u te c t ic  of 

low est fu s ib ility  is a  so lu tio n  o f p h o sp h id e  of iro n  
(F e 3 P .) in  p u re  iro n , a n d  th is  c an  be  d is t in c t ly  
tra c e d  u n d e r  th e  m icroscope a n d  also by  a  c a re fu l 
chem ica l an a ly s is , u s in g  th e  p e rc e n ta g e  o f phos
p h o ru s  as th e  g u id e . T h is  sq u eez in g  o u t o f  th e  
ph o sp h id e  e u te c tic  d u r in g  th e  cooling dow n  p e rio d  
is eas ily  seen  in  th e  case o f p ig - iro n , e sp ecia lly  
th o se  w hich g ive  a co m p a ra tiv e ly  la rg e  p ro p o rtio n  
o f e u te c tic , t h a t  is, th e  h ig h  p h o sp h o ru s  iro n s.

H e re  w e find t h a t  th e  p h o sp h id e -b ea rin g  e u te c tic  
h as been squeezed to w a rd s  th e  c e n tre  o f th e  p ig  
so t h a t  th e  p h o sp h o ru s c o n te n t  o f p h o sp h o ric  p ig  
m ay be 2 p e r  cen t, a t  th e  c e n tre  w h ils t a n  av e ra g e  
an a ly sis  m ay  b e  on ly  1.5 p e r  cen t. T h is  in d i
c a te s  th e  im p o rta n c e  to  be a tta c h e d  to  th e
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m a n n e r  o f (k illin g  w hen sa m p lin g  p ig -iro n  fo r 
te s tin g  pu rp o se . I f  t a k e n  dow n th e  -cen tre  of 
th e  p ig  fro m  a  f ra c tu re d  su rfa ce  across th e  
b a r  we sha ll c e r ta in ly  g e t a  h ig h e r  phos
p h o ru s  c o n te n t th a n  ta k in g  d rillin g s  from  th e  
o u ts id e  across th e  b a r  to  th e  c en tre , an d  fo r  com
p le te  c o n tro l o f th e  c a s tin g  p roduced  in  th e  
fo u n d ry  i t  is e ssen tia l to  o b ta in  a  c o rre c t av erag e  
sam p lin g  of all th e  c o n s titu e n ts  in  th e  p ig -iro n  
a n d  n o t  d r ill  in to  o n e  sec tion  w here  w e m ay  
ex p ec t a  m ig ra tio n  of th e  e u te c tic  to  h a v e  tak e n  
p lace.

W hen  we consider t h a t  th e  p h osph ide  eu tec tic  
in  cas t iro n  co n ta in s  ab o u t 6 p e r  cemt. o f phos
ph o ru s, we re a lis e  to  w h a t  e x te n t  th e  eu tec tic  
its e lf  fo rm s p a r t  of th e  whole c a s t iro n , fo r i f  th e  
whole of th e  phosp h o ru s in  a 1.5 p e r cen t, iro n  
w ere in  th is  fo rm  we should  h av e  a b o u t 25 p e r 
cen t, p h o sp h id e  e u te c tic , a  q u a n ti ty  w hich  m ay  
ex e r t  a  p ro fo u n d  in fluence on  th e  s t ru c tu re  as a  
whole. I n  fo u n d ry  p ra c tic e  o n e  does a c tu a lly  find 
th a t  th is  low m e ltin g , v e ry  b r i t t le  an d  w eak 
e u te c tic  in fluences c a s t  iro n  to  a  re m a rk ab le  
deg ree  since, as a lre ad y  ex p la in ed , d u r in g  th e  
cooling  down process i t  passes betw een th e  excess 
m eta l c ry s ta ls , filling  u p  all av a ilab le  space an d  
th e re b y  p ro d u c in g  envelopes a n d  pockets and  
w eak en in g  by s e p a ra t in g  th e  c ry s ta l s t ru c tu re  to  
such an  e x te n t ,  e specia lly  w hen th e  c a s tin g  is sub 
je c te d  to  a lte rn a t in g  te m p e ra tu re s  in , say , a  gas 
e n g in e  cy lin d e r, t h a t  p lan es o f c leavage  develop
in g  in to  a c tu a l c rack s a re  p ro d u ced  in  th e  c a s tin g .

A ccord ing  to  S te ad  * p u re  iro n  m ay r e ta in  in  
solid so lu tio n  only  ab o u t- 1.7 p e r  cen t, phosphorus 
c o rre sp o n d in g  to  11  p e r  cen t, p hosph ide  o f iro n  
(F e s P .)  a n d  above th is  a m o u n t of phosphorus th e  
ph o sp h id e  se p a ra te s  a s  a  e u te c tic  w hose m eltin g  
p o in t is 980 deg. C. In  th e  case of th e  iron- 
carb o n  alloys, th e  ca rb o n  fa c ili ta te s  th e  se p a ra 
tio n  of th e  ph o sp h id e  eu te c tic  as s tr ik in g ly  shown 
by T ab le  I I ,  w hich  gives h is  re su lts .

Position of Eutectic Experiment.
To i l lu s t r a te  f u r th e r  th e  s t ru c tu re  of c a s t  iron , 

th e  A u th o r  c a r r ie d  o u t some te s ts  to  d e te rm in e  th e  
a c tu a l  p o sitio n  of th e  c o n s titu e n ts  a f te r  com plete 
cooling  down h a d  ta k e n  p lace.____________________

* Iron and Steel Inst. 1900.



T a b l e  I I .— The In f lu en ce  o f Carbon on the  Con
d i t io n  o f the  P hosphorus in  Iro n  Alloys.

Carbon 
per cent.

Phosphorus per cen t.

Free as 
Fe3P. In solution. Total.

0.0 0.0 1.75 1.75
0.125 0.18 1.37 1.55
0.18 0.59 1.18 1.77
3.7 1.00 0.75 1.75
0.8 1.03 0.73 1.76
1.4 1.16 0.60 1.76
2.0 1.18 0.55 1.73
3.5 1.40 0.31 1.71

T h e  te s ts  w ere  m ad e  on a n  a p p ro x im a te  sp h ere  
of 2 in . d ia m e te r  a n d  successive la y e rs  o f  m eta l 
1 116-in. th ic k  w ere  ta k e n  from  off th e  o u tsid e  
u n t il  th e  c e n tre  core  w as reach ed .

In  o rd e r to  show m o re  c learly  th e  effect on th is  
co m p a ra tiv e ly  sm all te s t  p iece, i t  w as c a s t in  a 
chill m ould , so t h a t  th e  r a te  of cooling  on  th e  
o u ts id e  w ould be  ra p id ,  w h ils t t h a t  a t  th e  c e n tre , 
by rem o v in g  th e  ch ill a lm ost im m e d ia te ly  a f te r  
p o u rin g , w ould be slow er, th u s  g iv in g  co n d itio n s  
a p p ro x im a tin g  to  a  h e av ie r  ca s tin g . T h e  re su lts , 
to g e th e r  w ith  a  reco rd  o f th e  h a rd n ess  in  B rin e ll 
n u m b ers  a re  show n in  F ig . 3. I t  w ill be seen t h a t  
th e  p h o sp h o ru s c o n te n t  g iv en  in  te rm s  of th e  
s lem en t its e lf  re ac h ed  th e  figu re  of 1.15 p e r  cen t, 
in th e  c e n tre , w h ils t i t  w as o n ly  0.97 p e r  cen t, 
tow ards th e  sk in . T h e  co m p a ra tiv e ly  sh a rp  r ise  
im m ed ia te ly  u n d e r  th e  sk in  w as d u e  to  th e  
a n n e a lin g  of th e  te s t-p ie ce  fo r  m ac h in in g ,p u rp o se s  
w hich caused  a m ig ra t io n  o f e u te c tic  o u tw a rd s  d ue  
to' th e  in te rn a l  p re ssu re  p ro d u ced  in  th e  c a s tin g  
as c a s t in  th e  p e rm a n e n t  iro n  m ould . T h is  p re s 
su re , th u s  g iv en  freed o m  of ac tio n  -by th e  a n n e a l
in g  process, was so in te n se  as to  fo rce  som e o f th e  
p h o sp h id e  e u te c tic  r ig h t  th ro u g h  th e  sk in , w here  
i t  em erg ed  from  betw een  th e  c ry s ta ls  a n d  fo rm ed  
pe lle ts  on th e  o u ts id e  of th e  ca s tin g . T he effect 
of th e  a n n e a lin g  is also seen in  th e  to ta l  c a rb o n  
c o n te n t a t  th e  sk in , w here  s lig h t o x id is in g  co n d i
tio n s  h ad  d e ca rb u rised  th e  m a te r ia l.

A f u r th e r  te s t  to  d e te rm in e  th e  w eak en in g  effect 
o f th e  ph o sp h id e  e u te c tic  w as c a r r ie d  o u t  on



specim ens ta k e n  from  th e  f u r th e r  sam ples of
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F i g . 3.

spheres, as above, a n d  d esigned  for com pression 
te s ts . T he size of th e se  te s t-p ieces w as 0.3183 in . 
d ia . (one q u a r te r  in . sq .), an d  tw o d iam e te rs  h ig h ,
tw o  be ing  ta k e n  o u t of th e  side o f th e  c a s tin g
close to  th e  sk in , b u t  c lear o f ch illin g  effect, an d
tw o from  th e  c e n tre  of th e  c a s tin g . A load of
40 to n s  w as ap p lied  in  each case, an d  th e  red u c 
tio n  in  h e ig h t  m easu red . T ab le  I I I  gives th e  
re su lts  o n  b o th  sa n d -ca s t an d  p e rm an en t-m o u ld  
cas t sam ples, th e  re d u c tio n  in  h e ig h t b e in g  shown 
as a p e rce n ta g e  on  th e  o r ig in a l h e ig h t.

T a b l e  I I I .— The  E ffect  o f  Phosphide E u tec t ic  on 
Compression Tests.

Sample tak en  from 
side of casting.

Sample taken from 
centre of casting.

Sand Cast . . 6.0% 10.1%
6.4% 9.0%

Chill Cast 5.2% 6-4%
5.0% 6.6%
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T h e  d isp o sitio n  of th e  s ilic ide  of iro n  in  a c a s t
in g  is also  n o ted  in  F ig  4. S ilic id e  of iro n  h as 
th e  p ro p e rty  of p re c ip i ta t in g  th e  g ra p h ite  from  
its  u n io n  w ith  th e  iro n , an d  since  th e  low er d e n 
s ity  g ra p h ite  occup ies m ore  space th a n  th e  sam e 
carb o n  in  c o m b in a tio n , sh r in k a g e  a n d  s t r a in s  a re  
red u ced , p ro d u c in g  so u n d e r a n d  s tro n g e r  c a s tin g s  
u p  to  th e  p o in t of th e  g ra p h ite  p re c ip ita tio n  b e in g  
so g r e a t  as to  w eaken  th e  s t r u c tu r e  by  u n d u e  
s e p a ra t io n  o f th e  c ry s ta l g ra in s .

T he e le m e n t w hich  h as rece ived  th e  m o st a t t e n 
tio n  fro m  in v e s tig a to rs  of c a s t iro n  i s , carb o n . 
T h is is  r ig h tly  so, if  only on  a cco u n t o f  t h e  f a c t  
t h a t  th e  effects o n  m o st o f  t h e  o th e r  co m p o n en ts  
a re  p ro d u ced  in d ire c tly  th ro u g h  th e  c a rb o n . Also 
th e  c o n d itio n  o f th e  c a rb o n  com p o u n d s in  cas t 
iro n  is m ore th a n  a n y th in g  else re sp o n sib le  fo r th e  
ch an g e  o f  p ro p e r t ie s  w hich  m ay  be b ro u g h t  ab o u t 
in  c a s t iro n , e i th e r  m ech an ica lly , e le c tr ica lly  o r  
m ag n e tic a lly . I n  th is  i t  in fluences c a s t iro n  in  
p rec ise ly  th e  sam e w ay as s tee l a n d  a s tu d y  o f th e  
p ro p e rtie s  o f th e  v a r io u s  c a rb o n  co m pounds in  
s tee l d ire c ts  o n e ’s  in v e s tig a tio n  o f o ast iro n  a t  once 
a long  th e  r ig h t  ch an n e ls . I n  th u s  c o n sid e rin g  
s te e l firs t, th e  h a m p e r in g  o r  p a r t i a l  m ask in g  
effects of “ fo re ig n  ” co m p o n en ts  a r e  re d u ce d  a n d  
conclusions closer to  th e  t r u t h  c a n  be  a r r iv e d  a t .

I ro n  e x is ts  in  se v e ra l d if fe re n t a llo tro p ie  fo rm s 
a c c u ra te ly  d e te rm in e d  by th e  d iffe ren ces of te m 
p e ra tu re ,  a n d  th e se  l im its  a r e  a g a in  in flu en ced  hy 
th e  p resen ce  o f “  fo re ig n  ” e le m en ts . '

T hese  ch an g es c a n  all be n o ted  by c a re fu l ob se r
v a tio n  o f th e  cooling cu rv e , a n d  a re  u su a lly  m ore  
a c c u ra te ly  d e te rm in e d  by th e  d ifferences of tem 
p e ra tu re  m eth o d  w here  th e  te m p e ra tu re s  a re  re a d  
re la tiv e  to  t h a t  of a  s ta n d a rd  p u re  m e ta l, u su a lly  
p la tin u m , cooling down u n d e r  e x a c tly  th e  sam e 
co nd itions.

As m en tio n ed  w hen d iscu ssin g  cooling  cu rves, 
c e r ta in  of th ese  ch an g e  p o in ts , as th e y  a re  some
tim es  called , occur a t  sev era l te m p e ra tu re s ,  an d  
c e r ta in  of th e se  p o in ts  co rresp o n d  to  ch an g es in to  
v a rio u s  a llo tro p ie  fo rm s of iro n . F o r  s im p lic ity  
th e  n u m b er o f such  a llo tro p ie  fo rm s a re  u su a lly  
l im ited  to  th re e , g am m a iro n , above 900 deg . C .,

Disposition of Silicide of Iron.
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b e ta  iro n , be tw een  780 deg. C. an d  900 deg . C., 
a n d  a lp h a  iro n , below 780 deg. G.

T he v a rio u s  a llo tro p ie  form s o f iro n  also h av e  
d ifferin g  m ag n e tic  an d  e lec tr ica l p ro p e rtie s  along 
w ith  m echan ical differences, an d  i t  is th e  re te n tio n  
of th e  iro n  in  an y  one of th ese  s ta te s  w hich con
s t i tu te s  th e  p rob lem  of p ro d u c in g  s teel w ith  th e  
p a r t ic u la r  p ro p e rtie s  so u g h t. Of th e  th re e  fo rm s 
m en tio n ed , t h e  g a m m a  v a r ie ty  is  n o n -m ag n e tic  
b u t, as seen, th is  p ro p e rty  is lo st w hen cooling 
below 900 deg . C. h as ta k e n  place.

-! •\- 
/20  I  !

3 2

112 2  0

2B

! 0-> 1 3

2*

■so re

These te m p e ra tu re s , a t  w hich such p ro fo u n d  
ch an g es t a k e  p lace, a re  g re a tly  in fluenced  by th e  
p resen ce  o f “ im p u r itie s  ” or o th e r  e lem en ts, fo r 
exam p le , an  in crease  o f  carb o n  in  p u re  iro n  u p  
to  0.35 p e r  c en t, h a s  been  found  to  red u ce  th e  
te m p e ra tu re  a t  w hich  th e  change  from  n o n 
m ag n e tic  to  th e  m ag n e tic  s ta te  occurs, to  
760 deg. 0 .

£ / g+/t s

F i g . 4.
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T his w ill g iv e  som e id ea  of th e  e x te n t  to  w hich  
th ese  ch an g e  p o in ts  m ay  be vairied  in  a  c a s t  iro n , 
w here  th e re  m ay be as m uch  as 0.8 p e r cen t, com 
b in ed  carb o n  ( th e  g ra p h ite  n o t, of course, h a v in g  
a n y  effect), as w ell as th e  o th e r  c o n s t itu e n ts  
u su a lly  p re se n t in  c a s t  iro n . I f  th e  te m p e ra tu re  
a t  w hich  th e  ch an g e  from  th e  n o n -m ag n e tie  to  th e  
m ag n e tic  s ta te  ta k e s  p lace  can  be f u r th e r  low ered, 
we m ay  a r r iv e  a t  a p o in t  w hen  th is  occurs a t  a 
te m p e ra tu re  even below  o rd in a ry  a tm o sp h e ric  
te m p e ra tu re s .

T he v a rio u a  iro n  com pounds in  c a s t  iro n , lik e  
those  in  s teel, r e ta in  th e i r  g e n e ra l c h a ra c te r is tic s  
an d  p ro p e rtie s  w hen  o th e r  e le m en ts  a re  ad d ed , 
b u t th e  lim itin g  te m p e ra tu re s  of th e i r  ex is ten ce  
m ay  be g re a t ly  a lte re d  by th o se  new e lem en ts.

F i g . 5 .— S t r u c t u r a l  D ia g r a m  f o r  M a n g a n e s e  
S t e e l s .

O sm ond, G u e r tle r  a n d  o th e rs  have  show n by th e ir  
eq u ilib riu m  d iag ra m s t h a t  in  a steel th e  c r it ic a l 
ch an g e  te m p e ra tu re  from  th e  n o n -m ag n e tic  to  th e
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m ag n e tic  s ta te  is loweired to  a b o u t 200 deg. C. 
w hen th e  n ickel c o n te n t is ra ised  to  a b o u t 80 p e r 
c en t., w h ils t u n d e r  co n d itio n s o f slow cooling bo th  
a u s te n ite  an d  m a r te n s ite  m ay ex ist, both  c o n ta in 
ing  n icke l in  solid so lu tion .

T hey  found  also t h a t  m an g an ese  ac ts  som ew hat 
s im ila rly , b u t w ith  ab o u t double  th e  effect p er 
c e n t ,  p re se n t. 'C hrom ium  form s a u s te n ite  o r 
m a r te n s ite  w ith  c em en tite , th e  carb id e  be ing  very  
h a rd , w h ilst tu n g s te n  and  m olybdenum  produce  
m a r te n s i te  an d  m ixed  c em en tite s  of carb ide  of 
iron  an d  th e i r  own carb ides.

T he s t ru c tu ra l  d iag ra m  by G u ille t (F ig . 5) * 
shows th e  effect of m an g an ese  on carbon  steels up  
to  1 p e r  cen t, carbon , w h ilst F ig . 6 f  shows his 
d ia g ra m  fo r n ickel.

F i g . 6 . — S t r u c t u r a l  D ia g r a m  f o r  N ic k e l  
S t e e l s .

* G ulliver, p. 325. 
t  G u lliver , p. 323.
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All th e se  c o n sid e ra tio n s  in d ic a te  t h a t  in  ordejr 
to  p ro d u ce  a  n o n -m ag n e tic  c a s t  iro n  i t  is  necessa ry  
to  se lec t as a d d it io n a l  e lem en ts  th o se  w hich  p re 
v e n t o r r e ta r d  th e  ch an g e  p o in t  to  th e  g re a te s t  
d eg ree  a n d  also th is  effect w ill be v e ry  m u ch  d i f 
fe re n t  a n d  p e rh a p s  m ore in te n se  in  th e  case  of 
cas t iro n  d ue  to  th e  effect of “ im p u r i t ie s .”

I f  w e co n sid e r, fo r ex am p le , t h e  a d d it io n  of 
n ick e l t o  stee l w e n o te  from  F ig . 6 t h a t  ab o u t 
25 p e r cen t, w ould be re q u ire d  to  p ro d u ce  th e  
austem itic  c o n d itio n  fo r low c a rb o n  stee ls , a n d  
from  F ig . 5 t h a t  a b o u t 12 p e r cen t, of m an g an ese  
is re q u ire d  to  h av e  th e  sam e effect.

'We should  ex p ec t th e n  in  c o m b in a tio n , t h a t  th e  
effect w ould  be  p ro d u ced  by p e rce n ta g e s  w h ich  
w ould to ta l  up  to  th e  e q u iv a le n t o f 25 p e r  cen t, 
n ickel.

T he p o sitio n  is  so m ew hat o bscu re  in  th e  case  
of c a s t iro n , b u t  t h a t  th e  co m p le te  ch an g e  c a n  be 
b ro u g h t a b o u t is ev idenced  by th e  v a r io u s  non-

F i g .  7 .— S t r u c t u r e  o e  N o n -M a g n e t ic  C a s t  
I r o n  s h o w i n g  A u s t e n i t i c  A r e a  x  2 2 0 .

m ag n e tic  c a s tin g s  show n in  th e  i llu s tra tio n s .
In  th is  m a te r ia l  th e  ch an g e  p o in t  h a s  been so 

effectively  low ered t h a t  on  su b je c tin g  i t  to  th e  
te m p e ra tu re  of liq u id  a i r  o n ly  a  s l ig h t  d e g ree  of 

m ag n e tic  p e rm e a b ility  is o b ta in e d .



To d e te rm in e  now tlie  e x te n t  to  w hich th e  elec
tr ic a l  an d  m ag n e tio  p ro p e rtie s  of cas t iro n  m ig h t 
he tu r n e d  to  acco u n t, th e  e ssen tia l fa c ts  re la tin g  
to  m ag n e tism  as ap p lied  in th e  e lec trica l in d u s try  
m u s t be considered .

I t  is well know n t h a t  an  e lec tric  c u r re n t  flowing 
in  a  c o n d u c to r p ro duces a  m ag n e tic  fo rce  o r  field 
in  th e  su rro u n d in g  space. F o r  p ra c tic a l and  cal
c u la tin g  p u rp o ses th is  fo rce  is re p re se n te d  by 
lin e s  know n as m ag n e tic  flux  lin e s  d raw n  in  th e  
d ire c tio n  o f th e  force. T his d irec tio n  is a t  r ig h t-  
an g les to  th e  flow o f c u r re n t .  T he d e n sity  of 
th ese  lin es in d ic a te s  th e  s tre n g th  o f th e  m ag n e tic  
field. S uch  flux lin es fo rm  in  all m a te ria ls  and  
su b stan ces , in c lu d in g  a ir ,  b u t  som e m a te ria ls  
offer m u ch  g re a te r  re s is ta n c e  to  th e  lines th a n  
o th e rs— th a t  is, th e i r  m ag n e tic  c o n d u c tiv ity  is 
less. T h is co n d u c tiv ity  fo r  a n y  m a te r ia l  is ex
p ressed  by com parison  w ith  th e  m ag n e tic  conduc
t iv i ty  o f a i r .  T he r a t io  of th e  co n d u c tiv ity  of 
th e  m a te r ia l  to  t h a t  of a i r  is know n as th e  
p e rm e a b ility  o f t h a t  m a te ria l.  T he p e rm e ab ility  
of a ir  is ta k e n  as u n ity .

T he p e rm e a b ility  of cas t iro n , fo r exam ple, is 
a p p ro x im a te ly  330, so t h a t  fo r  a  g iy en  c u rre n t  
o r  m a g n e tis in g  fo rce  th e  m ag n e tic  field w ill be  
330 tim e s  as s tro n g  in  c a s t iro n  as in  a ir .  I f  a 
n o n -m ag n e tic  m a te r ia l  such  as b rass , t in ,  wood 
o r  n o n -m ag n e tic  cas t iro n  be p laced  in  a m ag n e tic  
field, th e  d e n sity  an d  d irec tio n  of th e  flux lines 
will be u n a lte re d , as i t  would th ro u g h  a ir ,  b u t if  
a  p iece  of iro n  o r steel be s u b s titu te d , th e  
s t re n g th  o f th e  field w ill be  in creased  by an  
a m o u n t d ep en d in g  on th e  p e rm e ab ility  of th a t  
m a te ria l.

B y o ne  o f th e  fu n d a m e n ta l e lec tr ica l laws, a 
c h an g in g  m ag n e tic  field p roduces an  e lectric- 
m o tive  fo rce  (E .M .F .)  o r e lec trica l p ressu re . I f  
th e  flux lin e s  pass th ro u g h  a  m a te r ia l  w hich is an  
e le c tr ica l co n d u cto r, th e  E .M .F . so p ro d u ced  will 
se t u p  c irc u la tin g  c u r re n ts  d ep en d in g  on th e  
re s is tan c e  o f th e  m a te r ia l  in  accordance w ith  
ohm s law . T hese  are, know n as eddy c u rre n ts , 
a n d  th e y  cause  a  w a tts  pow er loss in  th e  m a te ria l  
w hich  is d iss ip a te d  in  fh e  fo rm  o f h e a t. T h is loss 
w ill d ep en d  on th e  e lec trica l re s is tan c e  of th e  
m a te r ia l  an d  th e  s tre n g th  of th e  m ag n e tic  field,
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a n d  lienee on  th e  p e rm e ab ility , a n d  m ay  seriously  
affect th e  efficiency of e lec trica l m ach in ery , g iv ing  
r ise  to  excessive h e a t in g  w ith  co n sequen t loss of 
energy .

I f  th e  v a ry in g  flux lines pass th ro u g h  a  m ag
n e tic  m a te ria l  ( th a t  is, p e rm e ab ility  g re a te r  th a n  
1), a  c e r ta in  am o u n t of en erg y  is re q u ire d  to  
ch an g e  th e  d ire c tio n  of th e  lines. T his energy  
loss is know n as h y ste ris is  loss, an d  ex is ts in  a d d i
t io n  to  th e  eddy c u r re n t  loss ju s t  described.

E le c tr ic a l g e n e ra to rs , m otors, tra n s fo rm e rs , 
an d  all e lec tro -m ag n e tic  m ach in ery  depend  fo r 
th e ir  o p e ra tio n  on th e  p ro d u c tio n  of th e  m ag n e tic  
field. So f a r  as possible th is  m ag n e tic  field is 
co n tro lled , an d  th e  flux lines a re  confined to  th e  
d esired  p a th s , b u t  since th e re  is no m ag n e tic  
in su la to r  o r  m a te ria l  o p aq u e  to  a  m ag n e tic  field 
( th a t  is, no m a te ria ls  hav e  a  p e rm e ab ility  of 
zero), i t  is n o t possible to  do th is  com pletely . F o r  
th is  reaso n , an d  also because m ag n e tic  flux lines 
su rro u n d  every  co n d u cto r c a r ry in g  c u rre n t ,  th e re  
w ill be  m ag n e tic  fields n o t only  in  th e  p a th s  
d esired  an d  p ro v id ed , b u t  also in  th e  n e ig h b o u r
in g  p laces. Such m ag n e tic  fields a re  usua lly  
know n as s t ra y  or leak ag e  fields. The eddy c u r
r e n t  an d  h y s te r is is  losses d ue  to  th ese  fields 
decrease  th e  efficiency, a n d  freq u e n tly  cau se  exces
sive h e a t in g  in  e lec trica l m ach ines of a ll k inds.

W e th u s  see t h a t  n o n -m ag n e tic  iron  w ith  its  
u n ity  p e rm e ab ility  an d  h igh  re s is tan c e  gives a 
co m b in a tio n  of p ro p e rtie s  w hich does n o t e x is t in 
a n y  o th e r  m eta l o r  m a te ria l,  an d  is m ost usefu l 
in  th e  m a n u fa c tu re  of cable bushes, sw itch  covers, 
b u sb a r c lam ps, sea lin g  bells, te rm in a l su p p o rts , 
g e n e ra to r  an d  m o to r end  p la te s , in su la to r  
c a r r ie rs  an d  ho lders, etc .

T hese c h a ra c te ris tic s  of no n -m ag n e tic  cas t iron  
a re  c learly  seen in  T able IV , shown in  com parison 
w ith  o rd in a ry  g rey  c a s t iro n  an d  b rass.

I t s  h ig h  re sis tan ce  also m akes i t  ad m irab ly  s u i t 
able fo r re s is tan c e  g rid s, and  its  toughness, as 
shown by th e  Izod  tes t*  (w hich is 29 ft.-lb s . as 
co m pared  w ith  14 f t.-lb s . fo r o rd in a ry  cas t i ro n f ) ,  
gives a  g rid  cap ab le  o f w ith s ta n d in g  m echanical

* Taken on Test Bar. 20 m .m . x  20 m .m . x 70 m .m. 
t  Silicon 1.8% ; phosphorus 0.46% ; tensile 14.9 tons per sq. in
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shocks w hich i t  m ay rece iv e  in  serv ice  a n d  in  
h a n d lin g  to  a  re m a rk a b le  d eg ree .

T a b l e  I V .— The M a g n e t ic  C harac ter is tic s  o f  Cast  
I r o n , “  IV'cmag,”  a n d  Brass.

Magnetic Specific R esist
Perm eability ance. Micro-ohms.
Maximum. . per cm. cube.

O rdinary cast iron 330.00 95.0
“ Nomag ” 1.03 140.0
Brass 1.00 7.5

These g r id s  a re  u sed  f o r  v a r io u s  p u rp o se s  in  
e le c tr ica l e n g in e e rin g , ch iefly  as a  m ean s o f re g u 
la t in g  c u r re n t  v a lu es  a n d  fo r s t a r t in g  an d  con
t ro llin g  th e  speed o f m o to rs . F o r  a ll k in d s  of 
t r a c t io n  w ork , ra ilw ay , t ra m w a y  an d  c ra n e  
m oto rs , e tc ., w here  s ta r t in g ,  s to p p in g , a n d  speed 
v a r ia t io n  is a  f r e q u e n t  occu rren ce , re s is ta n c e  
g r id s  p lay  a n  im p o r ta n t  p a r t  in  e le c tr ica l co n tro l. 
F o r  th is  class of w ork  th e  g rid s , in  a d d it io n  to  
h a v in g  h ig h  re s is tan c e , m u s t be v e ry  s tro n g  
m ech an ica lly  to  w ith s ta n d  ro u g h  usag e . T h e  elec
t r ic a l  re s is ta n c e  should  n o t v a ry  w ith  th e  te m p e ra 
tu r e — t h a t  is, th e  re s is ta n c e  te m p e ra tu r e  
coefficient sh o u ld  b e  sm all.

I n  a d d itio n  to  i t s  m ech an ica l a d v a n ta g e s , n o n 
m a g n e tic  c a s t iro n  com bines h ig h  re s is ta n c e  w ith  
low te m p e ra tu re  coefficient to  an  ex ce p tio n a l 
degree . T he re s is ta n c e  te m p e ra tu re  coefficient 
fo r  “  N o m ag ,”  fo r  ex am p le , is  0.09 p e r  c e n t,  p e r  
deg. C ., as co m p ared  w ith  0.19 p e r  c e n t ,  p e r  
deg. C. fo r  o rd in a ry  c a s t iro n .

S uch  g rid s  m ad e  in  n o n -m ag n e tic  c a s t  iro n  o f 
h ig h  e le c tr ica l re s is ta n c e  a re  now  in  u se  in  m ost 
o f o u r  p r in c ip a l  t ra m w a y  system s, a n d  s ince  th e i r  
e x tr a  40 p e r  cen t, re s is ta n c e  allows o f (a ) less 
g r id s  b e in g  used, (b) th ic k e r  sec tio n s  b e in g  em 
ployed, an d  (c) sh o r te r  p a th s  be tw een  te rm in a ls , 
th e y  r e s u l t  in  a  b e t te r  a i r  c irc u la t io n , w ith  con
se q u e n tly  b e t te r  rem o v a l of th e  h e a t  p ro d u ced , o r 
a  m ore  ro b u s t g rid .

An a c tu a l se rv ice  te s t  on  such  g rid s  c a r r ie d  o u t 
a t  one o f o u r  m ost im p o r ta n t  a n d  h illy  tra m w a y  
u n d e r ta k in g s  show ed th a t ,  as a lre a d y  s ta te d ,  th e



re s is tan c e  d id  n o t increase  w ith  te m p e ra tu re  to  
th e  sam e e x te n t  a s  o rd in a ry  c a s t  iro n  g r id s  d i d ; 
in  fa c t, a f te r  ru n n in g  th e  c a r  on  th e  re s is tan ce  
n o tch  fo r  long  p e rio d s u n til  th e  boxes w ere ho t, no 
ap p rec iab le  d ifference  could be d e tec ted  w hen feed-
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F i g .  9 .— A l t e r n a t o r  E n d  R ing  i n  N on-M ag- 
n e t i c  C a s t  I r o n .  I t  w e i g h s  3  t o n s  1 2  c w t .

ing  u p  on  th e  con tro ller. T h is is especially  use
fu l w hen a la rg e  n u m b er o f stops h av e  to  be 
m ade, w hen b ad  acce le ra tio n  is u su a lly  experienced  
d u e  to  th e  v a ry in g  re sis tan ce .

As re g a rd s  th e  effect on m ag n e tic  p ro p e r ty  of 
th e  so-called “ im p u r i t ie s ”  in  c a s t iro n , G oltze 
says t h a t  com bined carbon  an d  m an g an ese  ten d  
to  decrease  th e  p e rm e ab ility , a lth o u g h  bo th  
silicon a n d  m an g an ese  te n d  to  in crease  th e  re s is t
ance. N a th u s iu s  in  1905 c a rr ie d  o u t  a  n u m b er 
of te s ts  on  a  se ries of cas t iro n  w ith  v a ry in g  com
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b in ed  c a rb o n  c o n te n t, an d  fo u n d  t h a t  th e  low 
com bined  c a rb o n  an d  h ig h  silicon  ra is e d  th e  
p e rm e ab ility . H is  figures w e re : —

Induction a t  am pere tu rn s  
per cm.

C.C. C. Cr. Si. 25 50 100 200

1. . .0 .2 4  3.19 2.83 7,100 9,200 11,200 12,900
2. . .0 .8 2  2.47 2.11 5,900 7,500 9,200 11,300

F i g .  1 0 .— A l t e r n a t o r  E n d  R i n g  i n  
N o n - M a g n e t ic  C a s t  I r o n . I t s  d i a . 
i s  5  f t . 6  IN S .

A lth o u g h  th e  above figu res do n o t  in d ic a te  
d ire c tly  th e  p e rm e a b ility , y e t  th e  in d u c tio n  
figures shown a re  p ro p o r tio n a l to  p e rm e a b ility , 
a n d  in  th e  absence o f a  c o n s ta n t  n o t  in d ic a te d  
by  G oltze, th e y  do n o t  re p re s e n t  ab so lu te  
p e rm e ab ility , b u t  th e y  in d ic a te  on  p lo t t in g  t h a t  
th e  h ig h e r  com bined carb o n  c as t iro n  h as re g u la r ly
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low er p e rm e ab ility  fo r  each  o f th e  c u rre n ts  in d i
ca ted . G oltze  also s ta te s  t h a t  p h o sphorus and  
su lp h u r  h av e  no in fluence  on  th is  fa c to r.

T h e  coefficient o f ex p an sio n  ' o f non -m ag n e tic  
c a s t iro n  is  som ew hat h ig h e r th a n  o rd in a ry  cas t 
iro n , a n d  m ore  n e a r ly  co rresponds to  t h a t  of m ild  
s teel. T h e  re la tiv e  figures on  a  g iven  size of te s t-  
p iece  a re  show n in  T ab le  Y .

T a b l e  Y . — Coefficient o f  E xp a n s io n  o f  Various  
Alloys.

Ordinary cast-iron . . . .  . .  9.6 X 10-6 per 0° C.
Mild steel .........................................11.0 x  10-6 per 0 e C.
Brass . .   23.3 X 10-6 per 0°C.
Non-magnetic cast-iron . .  . .  11.9 x  10-sperC°C.

APPENDIX.

D u rin g  th e  p ro g ress  of th e  le c tu re  th e  m ag n e tic  
a n d  e le c tr ica l p ro p e rtie s  o f n o n -m ag n e tic  cas t iron  
w ere d e m o n s tra te d  by  m ean s o f v a rio u s  in s t r u 
m en ts , th e  m ost im p o r ta n t  b e in g  as follows : —

1. Solonoid . B a rs  of n o n -m ag n e tic  iro n , b rass
a n d  o rd in a ry  g rey  c a s t iro n  w ere  succes
sively  p laced  in  a  p o w erfu l m ag n e tic  field 
se t  u p  by  p assin g  a n  e le c tr ic  c u r re n t  ro u n d  
a cop p er w ire  coil p ro v id ed  w ith  a so ft iro n  
p la te  a t  one e n d . T he o rd in a ry  c a s t- iro n  
b a r  could  n o t be  rem oved  fro m  th e  p la te  
u n t i l  th e  c u r re n t  w as sw itch ed  off, w hilst 
th e  o th e r  b a rs  w ere n o t  in  th e  least 
a t t r a c te d  by  th e  p la te .

2. P e rm e a m e te r . T h e  c u r re n t  p ro d u ced  when
th e  m ag n e tic  lin es of fo rce  w ere  qu ick ly  cu t 
by  d ra w in g  a  b a r  of o rd in a ry  cas t iro n  from  
a copper w ire  coil p laced  across th e  poles of 
th e  m a g n e t w ere v e ry  c le a rly  d e m o n s tra ted  
on a g a lv a n o m e te r a tta c h e d  to  th e  coil. No 
m ovem ent w as observed w hen a b ra ss  o r n o n 
m ag n e tic  cas t- iro n  b a r  was so used.

3. F a ra d a y ’s E x p e rim e n t. A disc m ade  from  a
low -resistance  m a te r ia l  such as copper w hen 
sp u n  be tw een  th e  poles of a m ag n e t e x p e r i
ences a  sp e e d -re ta rd in g  effect d ue  to  th e  
re ac tio n  of th e  e d d y -cu rre n ts  se t  u p  in  th e  
d isc. T he su p press ion  o f th e  e d d y -cu rren ts  
b y  a h ig h -res is ta n ce  m a te ria l  such as non-
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m a g n e tic  c a s t iro n  d ecreases th is  r e ta r d in g  
effect, a n d  w as su ita b ly  d e m o n s tra te d  by  tw o 
discs ru n n in g  on th e  s h a f t  o f a  sm all m o to r. 
By in te rp o s in g  a  m ag n e t ro u n d  th e  c o p p er

Te m p , o e c  c e / y r  ■

F i g . 1 1 .— M a g n e t i c  V a r i a t i o n  i n  S t e e l  
d u e  t o  T e m p e r a t u r e . I t s  C o m p o s i 
t i o n  i s  C, 0 .6 5 ; S i, 0 .0 9 4 ; M n, 0 .33;
S, 0 .0 0 8 ;  a n d  P ,  0 .0 1 7  P e r  C e n t .

disc th e  m o to r w as p ra c t ic a lly  s to p p ed , 
w h ilst th e re  was l i t t le  effect w hen  p laced  
ro u n d  th e  n o n -m ag n e tic  h ig h -re s is ta n c e  cas t 
iron .
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S e v e ra l b a rs  o f n o n -m ag n e tio  oast iro n  p la te d  
w ith  niokel, copper, a n d  ch ro m iu m  w ere also 
show n, in d ic a tin g  by  th e ir  p a r tic u la r ly  h ig h  finish 
th e  ease  w ith  w h ich  th is  m a te r ia l  su b m itte d  to  th e  
o rd in a ry  p la t in g  processes.

A n in te re s t in g  p ra c t ic a l  use of th e  ch an g e  from  
th e  m ag n e tic  to  th e  n o n -m ag n e tio  co n d itio n  of 
s teel, a n d  u til is e d  by  th e  A u to m atic  a n d  E le c tr ica l 
F u rn a c e s , L im ite d , in  th e i r  spec ia l h e a t- tre a tm e n t  
p la n t ,  w as described . T he recalescence p o in t o r 
ch an g e  o f s t r u c tu r e  (and  consequen tly  “  te m p e r  ” ) 
is observed  on a  d e lic a te  g a lv an o m ete r, w hich 
in d ic a te s  th e  m ag n e tic  change p o in t  of th e  e teel. 
F ig . 11 show s such  a te s t  ta k e n  on a sam p le  steel.

DISCUSSION.
T h e  C h a i r m a n  (M r. I t .  A. M iles) sa id  th ey  could 

all a p p re c ia te  th e  tro u b le  w hich M r. D aw son h a d  
gone to  in  p re p a r in g  th is  lec tu re . H e  w as no t, 
like  m ost m en, c o n te n t  w ith  th in g s  a s  th ey  w ere; 
he  w a n ted  th em  to  be b e tte r ,  a n d  w ith  t h a t  o b jec t 
p u sh ed  h is  in v e s tig a tio n s  to  th e  fu r th e s t  lim its  in  
o rd e r  to* le a rn  a ll t h a t  w as possib le  a b o u t th e  
m a te r ia ls  h e  u sed , an d  to  p u t  th e  know ledge so 
a cq u ired  to  p ra c tic a l use. O th e r m em bers had. 
n o t th e  sam e o p p o r tu n itie s . M r. D aw son w as 
fo r tu n a te  in  t h a t  he  was in  th e  serv ice  of an  
e m in e n tly  sc ien tific  firm , who m u st a p p re c ia te  h is 
e fforts to  p ro d u ce  m a te r ia l  su ita b le  fo r a  p a r t ic u 
la r  class of w ork an d  also less oostly th a n  t h a t  used  
by o th e r  firm s fo r  th e  sam e p u rpose .

M r . J .  'S. P r i m r o s e  sy m p ath ised  w ith  M r. 
D aw son’s com m ents on  th e  in d is c r im in a te  fash ion  
in  which sam ples o f p ig  o r  c a s t  iro n  w ere ta k e n  
fo r  analy sis . H e  q u o ted  a n  in s ta n c e  w hich h a d  
h a p p en e d  d u r in g  th e  w ar when h e  h a d  b een  
in te re s te d  in  th e  m a n u fa c tu re  o f .some cas t-iro n  
“  g u n s  ”  fo r d e p th -c h arg e  th ro w in g  by th e  N avy . 
As th e  exp losive  fo rce  h a d  to  b e  d irec te d  ro u n d  
tw o r ig h t  an g les , th e  a u th o r i t ie s  h a d  a t  f irs t p re 
sc rib ed  on ly  0.1 p e r  cen t, p h o sphorus in  th e  iro n , 
b u t  finally  a g ree d  to  aocept 1.0 p e r  cen t. P . T he 
m ix in g  o f th e  charge  w as u n d e r  p ro p e r  co n tro l, 
a n d  lad le  sam ples show ed not* m ore th a n  0.8 p e r 
c en t, phosphorus. A lth o u g h  th e  9.5-in. g u n s  
s a tis fa c to r ily  w ithstood  th e  severe  h y d ra u lic  te s t, 
th ey  w ere all a t  f irs t re jec ted  on  th e  g ro u n d  t h a t
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th e  an a ly s is  showed from  1.2 to  1.3 p e r  c e n t, p h o s
p horus. T he reaso n  fo r th is  was t h a t  th e  sam ple  
fo r an a ly s is  L ad  been  ta k e n  by th e  officials con
cern ed  from  th e  c e n tr e  o f a 4 -in . cube o f th e  sam e 
m e ta l w hich h ad  to  be c a s t  w ith  each  g u n  and 
fo rw a rd ed  to  th e  Sheffield t e s t  house. I t  w as a  
c o n sid e rab le  t im e  be fo re  th e  p ro p e r  m eth o d  of 
sa m p lin g  w as a d o p ted , a n d  th e n  a ll  th e  c a s tin g s  
w ere accep ted .

T he cooling  cu rv es of alloys w ere  u n d o u b ted ly  
im p o r ta n t  fo r  th e  in fo rm a tio n  th e y  g a v e ;  b u t  th e  
sp e a k er considered  the  d ifference  o f te m p e ra tu re  
re fe r re d  to  by M r. D aw son, i .e .,  be tw een  th e  h o t  
specim en  a n d  a n e u tr a l  body , w as re a lly  of no  
use fo r c o n s tru c tin g  a  g ra p h  un less one also knew  
th e  a c tu a l  te m p e ra tu re s  a t  w hich  th e se  d ifferences 
occurred .

Nickel in C ast Iron.
H e  h a d  been  specia lly  in te re s te d  in  w h a t M r. 

D aw son h a d  h ad  to  say  on  th e  effect of n icke l on 
ca s t iro n . A t one t im e  h e  h a d  ex am in ed  th e  effect of 
18 p e r  cen t, of n icke l on  p ig -iro n  a n d  fo u n d  i t  h ad  
p re c ip ita te d  n e a rly  all th e  carb o n  in  th e  fo rm  of 
very  c u rly  g ra p h ite , of which he h a d  a lw ays been  
a  s tro n g  ad v o ca te . W h en  m elted  in  a  c u p o la  
ch arg e  to  give a b o u t 6 p e r  cen t, o f n ick e l in  th e  
re su ltin g  .cast iro n  th e  g ra p h ite  flakes w ere  no 
lo n g er cu rly , a n d  th e  g ro u n d  m ass was com posed 
of f e r r i te ,  in  which th e  n ick e l a s  well a s  th e  
2.6 p e r  cen t, of silicon wyas d issolved, an d  s u r ro u n d 
ing  th is  was an  a lm o s t c o n tin u o u s  m eshw ork of 
so rb itic  p e a r l i te .  T h is m ade a ve ry  s tro n g  s t ru c 
tu re , a n d  even th e  fins o f m e ta l w ere p liab le  when 
they  cam e to  be rem oved  d u r in g  th e  f e t t l in g  
o p e ra tio n .

T h is  was no d o u b t a  low er p e rc e n ta g  > o f n icke l 
th an  th a t  used  by M r. D aw son, who a im ed  a t  th e  
a u s te n ite -g ra p h ite  s t r u c tu r e ,  as show n by  h is  
p h o to -m ic ro g rap h  of N om ag  m e ta l (F ig . 8). ” Such  
a m a te r ia l  m ig h t be  called  a n  alloy , b u t i t  c e r 
ta in ly  was n o t  c a s t  iro n , fo r  th e  f ir s t  p ro p e rty  of 
iro n  , was t h a t  i t  was m ag n e tic . T he re m a rk ab le  
th in g  was t h a t  such m a te r ia l  could  be easily  
m ach in ed  w ith o u t a n n ea lin g . I t  w as also n o te 
w o rth y  t h a t  d ip p in g  th is  m a te r ia l  in to  liq u id  a ir  
d id  n o t a lte r  i ts  s tru c tu re  an d  re s to re  a  s ta te  o f 
m ag n e tic  c o n s titu e n ts . H e  h a d  fo u n d  t h a t  c e r ta in
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m an g an ese  steels which, even when a n n ea le d , were 
p e rfe c tly  h a rd — u n m aeh in ab le  in  fa c t, an d  q u ite  
n on -m ag n e tic , w ith  a m a r te n s ite -a u s te n ite  s tru c 
tu re — h ad  'been re n d e re d  so ft, p e rfe c tly  m ag n e tic , 
an d  la rg e ly  so rb itic  in  s t ru c tu re  by a  sh o rt im m er
sion in  liq u id  a ir .  T h is w as a  rev ersib le  t r a n s 
fo rm atio n , b u t ev id en tly  th e  n ickel used  h ad  been 
sufficient to re n d e r  th e  iro n  alloy o ne  w ith  an  
irrev e rs ib le  c o n s titu tio n .

Vote of Thanks. 9

A t th e  in v ita tio n  of th e  C h a irm an , M r . F i e l d , 
of th e  B irm in g h am  B ra n ch , ad dressed  th e  m ee tin g . 
H e  said  h e  h a d  n o t  com e as a  de leg a te , b u t  he  
was smre if  h is  fellow -m em bers h a d  know n t h a t  he 
was com ing  th e y  would h a v e  se n t th e ir  co rd ia l 
g re e tin g s  to  th e  L an c ash ire  B ran ch . H e  was p a r 
t ic u la r ly  p leased  t h a t  he  h a d  been asked by  th e  
C h a irm a n  to  m ove a  vo te  o f th a n k s  to  M r. Daw son 
fo r th is  P a p e r ,  which em bodied  a  g r e a t  deal of 
tech n ica l m a t te r  on a  m ost d ifficult su b jec t. M r. 
D aw son h a d  e x p la in ed  i t  lucid ly , b u t  h e  h a d  n o t 
conveyed to  th e  m inds of th e  m em bers an  a d eq u a te  
co n cep tio n  of th e  am o u n t of w ork which h a d  to  be 
done to  o b ta in  th e  re su lts  show n by h im . Y ears 
of s tu d y  a n d  w ork m u st h a v e  p reced ed  i t ; q u ite  a 
n u m b er of e x p e rim e n ts  an d  fa iju re s  m u s t hav e  led 
up  to  th e  d iscovery  of th e  successfu l m eth o d  th e  
e x p la n a tio n  o f w hich h ad  been g iven  in  a  lec tu re  
o f less th a n  tw o h o u rs ’ d u ra tio n . In  th ese  days 
th e  re q u ire m e n ts  m ade  on fo u n d ry  firm s were 
becom ing m ore ex ac tin g . H e  h a d  even know n 
th em  to  be asked  to  p ro d u ce  c a s tin g s  w hich would 
be m ag n e tic  u n d e r  c e r ta in  c ircu m stan ces  an d  n o n 
m a g n e tic  u n d e r  o th e r  c ircu m stan ces . They w ere 
ex p ec ted  to  do m uch m ore  th a n  th e ir  fo re fa th e rs  
did . So he  was g lad  to  have  h ad  th e  o p p o rtu n ity  
of b e in g  p re sen t a n d  h e a r in g  M r. D aw son p u t  
befo re  th e  m em bers m a te ria l  which would h av e  a 
g re a t  effect on  a  la rg e  p a r t  of th e  work o f th e  
iro n fo u n d e r, n o t only in  co n n ec tio n  w ith th e  elec
tr ic a l in d u str ie s , b u t  also to  a  la rg e  e x te n t  in  
c o n s tru c tio n a l w ork. H e  would be very  g lad  if M r. 
D awson would g ive  a  s im ila r  le c tu re  be fo re  th e  
m em bers of th e  B irm in g h am  B ran ch .

M r . M a s t e r s , in  seconding  th e  vo te  of th a n k s , 
sa id  q u ite  re ce n tly  th e  question  of p h osph ide  in
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iro n  was b ro u g h t em p h a tica lly  to  h is  m in d  in  con
n ec tio n  w ith  th e  c a s tin g  o f a  h a m m e r block. 
T h ere  was a n  o x id a tio n  on  th e  p la te  of m e ta l h a lf  
an  in c h  th ic k . T h e  m e ta l was q u ite  s tiff  on  th e  
o u tsid e . H e  d id  n o t h a v e  i t  an a ly sed , b u t  fro m  
w h a t M r. D aw son h ad  sa id  h e  g a th e re d  t h a t  i t  
w as p h o sp h id e  e u te c tic  o r  p h o sp h id e  o f iro n .

T h e  v o te  of th a n k s  was p assed  u n an im o u sly .
The Author’s Reply.

In  re p ly in g , M e . D a w s o n  sa id  th e  a d d itio n  of 
n ickel to  c a s t  iro n  w as b e in g  ad v o ca ted  fo r  m o to r 
cy lin d e rs  a n d  o th e r  s im ila r  w ork  w hen i t  w as 
c la im ed  t h a t  so ftness, to g e th e r  w ith  closeness of 
g ra in  a n d  to u g h n ess, w as o b ta in e d . T h e  p e r 
c en tag e  ad d ed  fo r  th is  p u rp o se  v a r ie d  be tw een  
1.0 an d  3.0 p e r  cen t.

T he effect of n ick e l on  c a s t  iro n  is  s im ila r  to  
t h a t  o f silicon (a lth o u g h  p ro b a b ly  n o t so s tro n g )  
in  t h a t  i t  p re c ip ita te s  th e  g ra p h ite ,  a n d  also 
p ro b ab ly  te n d s  to  re d u ce  to ta l  c a rb o n . F o r  
ex am p le , a  c a s t  iro n  w ith  a  to ta l  c a rb o n  o f 3.89 
p e r  cen t, show ed 2.85 p e r  cen t, g ra p h ite  w ith  0.87 
p e r  cen t, n ick e l, 2.01 p e r  cen t, w ith  1.25 p e r  cen t, 
n icke l, a n d  3.12 p e r  c en t, g r a p h ite  w ith  5 Der cen t, 
n ickel!*

C o b a lt does n o t seem  to  h a v e  an y  e ffec t on th e  
carbon  in  th is  way. As re g a rd s  m a g n e tic  effect, 
i t  a c ts  in  th e  op p o site  sense to  n ick e l, a n d  increases 
th e  p e rm e a b ility  a n d  h y ste re s is . H e n ce  its  u se  as 
an  a d d it io n  to  m a g n e t  s teels.

* B a u e r .
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H i l l  I ro n w o rk s , B o lto n .

L . 1919. C h eesew rig h t' W . F . (C ol.), D .S .O ., 
5, D u k e  S tre e t ,  A d e lp h i, W .C . 2.

— 1923. C lam er, G. H .,  129, So. B e rk e ley
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N . 1916. C ollin , T . S ., 4, A rg y le  S q u a re , S u n 
d e r la n d .

N . 1922. C o n se tt  I r o n  C o., L td .  (S u b sc r ib in g  
F irm ) ,  C o n se tt ,  Co. D u rh a m .

B . 1904. C ook , F .  J . ,  31, P o p la r  A v e n u e ,
E d g b a s to n ,  B irm in g h a m .

N . 1921. C ooke, W . W ., 40, S e f to n  A v e n u e , 
H e a to n ,  N e w c a s tle -o n -T y n e .

L n cs . 1911. C o oper, C. D ., D o lp h in  F o u n d r y ,
C h a p e l S tr e e t ,  A n c o a ts , M a n c h e s te r .

N . 1921. C o oper, J .  H . ,  5 T r in i ty  R o a d ,
D a r l in g to n .

L . 1919. C o rb y , S. F .  (R . B . D o u l to n , L td .) ,
L a m b e th  S a n i ta r y  E n g in e e r in g  
W o rk s , A lb e r t  E m b a n k m e n t ,  
L o n d o n , S .E . l .

S. 1924. C o ttle , E .  H y . ,  58, M o u n t S t r e e t ,
L in c o ln .

Sc. 1922. C o u p e r, J .  C ., M ilto n  H o u s e , D u n -  
n ip a c e , D e n n y .

L n cs . 1924. C o w lish aw , S. D ., 7, T e m p le  S tre e t ,  
B a s fo rd , S to k e -o n -T re n t.

E .M . 1914. C ox, J .  E .  (T he  R u t la n d  F o u n d r y  
C o m p a n y , L im ite d ) ,  H k e s to n .

—  1919. C ra ig , A ., E a r ls d o n  H o u se , E a r ls d o n ,
C o v e n try .

L n cs . 1924. C ra ig , A ., 20, M o tt r a m  R o a d ,  S ta ly -  
b rid g e .

B . 1922. C ra m b , F . M ., 5, T r ia n g le  V illa s ,
O ld fie ld  P a r k ,  B a th .

L . 1920. C reek , W ., 2, E le a n o r  R o a d ,  S t r a t 
fo rd , E .

L. 1911. C re ig h to n , T . R .,  T h e  F o u n d r y ,  S te p 
n e y  C au sew ay , E .

W .R . 1922. C ro ft, F r a n k ,  52, P o lla rd  L a n e , B ra d -
of Y . fo rd .
B . 1920. C ross, J o h n  Iv „  152, Y a rd le y  W o o d

R o a d , M o seley , B irm in g h a m .
L. 1923. C u r tis ,  A . L ., 39, L o n d o n  R o a d ,

C h a tte r is ,  C am b s .

Y ear
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B . 1921. D a n k s , A ., “  N o r th f ie ld ,” H u c c le co te , 
G lo u c es te r .

-— 1919. D a v ie s , P . N ., 29, B ru n sw ic k  R o a d ,
B ru n sw ic k , M elb o u rn e , V ic to ria  
A u s tra l ia .

L . 1923. D aw es, C. E .,  26, K e s to n  R o a d , 
W e s t  G reen , N .15 .

L n cs . 1924. D a w so n , S. E .,  98, B ra m h a ll  L a n e , 
D a v e n p o r t ,  S to c k p o r t.

S. 1916. D a w so n , W . J . ,  H ad fie ld s , L td . ,
N e w h a ll  R o a d , Sheffield .

L n cs . 1924. D e a k in , F . ,  14, B e lfie ld  R o a d , R e d  
d ish , S to c k p o r t.

— 1925. D e a n , J .  P . ,  c/.o H o a re  & Co. (E n g i
n e e rs) , L td . ,  P .O . B o x  22, C olom bo, 
C ey lon .

N . 1919. D e as , P . ,  4, B len h e im  T e rra c e , C oat- 
h a m , R e d c a r .

L . 1925. D e lp o r t ,  V ., 2 -3 , C a x to n  H o u se ,
S . W . l .

B . 1924. D e n h a m , H .,  “  B irch w o o d ,”  W alsa ll 
R o a d , A ld rid g e , S taffs.

S. 1917. D esch . C. H .,  P h .D .,  D .S e ., F .I .C .,  
T h e  U n iv e rs i ty , Sheffield .

—  1921. D ic k e n , C h arles  H .,  2, A sh S tre e t ,
D a isy  B a n k , B ils to n .

L . 1922. D ic k so n , J . ,  M itc h a m  F o u n d ry ,
E v e ly n  R o a d , M itc h a m , S u rre y .

S. 1924. D id d e n , F . G. J . ,  170/174, A tte rc liffe
R o a d , Sheffield .

L . 1914. D o b so n , W . E .,  “  N e w ly n ,” G ra n d
D riv e , R a y n e s  P a rk ,  S .W .

L n cs . 1918. D o u g h ty , E .,  54, S t. M a ry ’s R o a d , 
M o sto n , M an c h este r .

Sc. 1911. D o u lto n , B . (L ife), 3, B e rry la n d s ,
S u rb ito n , S u rre y .

L . 1923. D o w n in g , D ., c /o  T h e  In d ia n  I ro n
& S te e l Co., H ira p u r  W o rk s , 
A san so l, E .I .R . ,  In d ia .

S . 1921. D u c k en fie ld , W ., 47, D u n k e ld  R o a d , 
E cc le sa ll, Sheffield .

Y ear
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W .R . 1922. D u c k h a m , W . J . ,  4, O x fo rd  V illa s ,
of Y . G u ise ley , L eed s.
L. 1925. D u rn a n , F . ,  43, G ro v e  R o a d , M ill-

h o u se s , Sheffield .
S. 1921. E d g in to n , G ., S ilv e rd a le , S t .M a rg a re t’s 

D riv e , C h esterfie ld .
B . 1922. E d w a rd s ,  A ., “ D u n b a r ,”  O ld  B a th  

R o a d , C h e lte n h am .
N . 1921. E ld re d , E . J . ,  8, F o r d  S tr e e t ,  G a te s -  

h e a d -o n -T y n e .
L . 1909. E ll io t ,  A ., In g a te  I ro n w o rk s , B ece les .
L . 1904. E llis , J . ,  6, E c k s te in  R o a d ,  C la p h a m

J u n c t io n ,  L o n d o n , S .W . l l .
S. 1918. E llis s ,  J .  A ., 217, M id d lew o o d  R o a d , 

Sheffield .
S. 1913. E ls e ,  L . H .,  79, O sb o rn e  R o a d ,

Sheffield .
L n cs . 1925. E n g lish ,  J . ,  14, M a lv e rn  S tre e t ,

C o pp ice , O ld h a m .
L . 1919. E s te p ,  H . C ole, T h e  P e n to n  P u b lish in g

C o., P e n to n  B u ild in g , C lev e lan d , 
O h io , U .S .A .

E .M . 1918. E v a n s ,  W . T .,  M o u n t P le a s a n t ,  S u n n y  
H il l,  N o rm a n to n .

S. 1920. F a irh o lm e , F .  C ., C h u rc h d a le  H a ll ,
n r .  B a k ew e ll, D e rb y sh ire .

L . 1908. F a u lk n e r ,  V . C ., B e sse m er H o u se , 6,
D u k e  S tre e t ,  A d e lp h i, W .C .2.

S. 1910. F e a se y , J . ,  192, W e s t  P a ra d e ,  L in c o ln .
N . 1918. F e n d e r ,  B ., 15, K e n ilw o r th  R o a d ,

M o n k se a to n , N o r th u m b e r la n d .
B . 1914. F ie ld , H ., “  G le n o ra ,”  R ic h m o n d

A v e n u e , W o lv e rh a m p to n .
B . 1904. F in c h , F . W . (H o n o ra ry ) ,  52, D e n 

m a r k  R o a d , G lo u c es te r .
S. 1914. F i r t h ,  A ., ju n r . ,  P r io r  B a n k , C h e rry

T re e  R o a d , Sheffield .
S. 1914. F i r th ,  F . W ., “  S to r th  O a k s ,”  R a n -  

m o o r, Sheffield .
— 1907. F la g g , S. G. (H o n o ra ry ) , 1 ,407, M o rris

B u ild in g s , P h ila d e lp h ia ,  P e n n ,
U .S .A .

B ’n ch  of M EM B ER S.
E lection .
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B. 1923. F la v e l ,  P .,  B u sh b u ry  L o d g e , L e a m in g 
to n .

B . 1922. F le tc h e r ,  J .  E .,  8, S t. J a m e s  R o a d , 
D u d le y , S taffs.

L n cs . 1923. F lo w e r, E .,  7, M arlb o ro u g h  S tre e t ,  
H ig h e r  O p en sh aw , M an ch este r.

S. 1921. F lo w e r, J .  A ., 147, M idd lew ood  R o a d , 
Sheffield .

W . & 1907. F o n ta in e ,  C., D o c k  F o u n d ry ,N e w p o r t ,
M. M on.

Sc. 1917. F o rb e s , J .  T ., 176, W e s t G eorge
S tre e t ,  G lasgow .

N . 1919. F o r tu n e , T . C., 76, F a lm o u th  R o a d , 
H e a to n , N e w c as tle -o n -T y n e .

B . 1919. F o sse p rez , G ., 3, R u e  d u  G ra n d  J o u r ,
M ons, B e lg iu m .

—  1920. F o s to n , G. H ., I v y  B a n k , B a ls a ll
C om m on, B e rk sw e ll, n r .  C o v e n try .

W .R . 1925. F ra m e , J .  Y ., 19, S h e rb u rn  S tre e t,
of Y . H u ll .
L . 1920. F r a n k ,  A . C., “ R o z e l,”  K n a tc lib u ll

R o a d , H a r le sd e n , N .W .
Sc. 1920. F ra s e r ,  A . R .,  C ra ig a rd , B e a rsd en ,

G lasgow .
N . 1914. F r ie r ,  J .  W ., 5, N o r th u m b e r la n d  V illa s , 

W a llse n d -o n -T y n e .
L . 1919. F u rm s to n , A . C., H o p e  C o tta g e , 211,

N e v ille  R o a d , L e tc h w o rth .
W . & 1924. G a lle tly , J .  P . ,  B e n  C leuch , P e n c ise ly

M. R o a d , C ard iff.
N . 1912. G a llo n , M. E .,  c /o  Y o u n g e r  & G a llo n ,

A tla s  F o u n d r y ,  D u n s to n -o n -T y n e .
N . 1921. G a rd in e r , E .  T ., H o p p y la n d  H o u se , 

A lb e r t  H il l ,  B ish o p  A u c k lan d .
Sc. 1919. G a rd n e r , J .  A ., 24, S o u th  H a m ilto n  

S tre e t ,  K ilm a rn o c k .
L . 1922. G a rd o m , J .  W ., 39, S t. P e te r s  R o a d , 

D u n s ta b le , B eds.
W .R . 1922. G a rfo r th , E . P . ,  48, H a s lin g d e n  D riv e ,
of Y . T o lle r  L a n e , B ra d fo rd .
L n cs . 1922. G a rn e r  & Sons, L im ite d  (S u b scrib in g  

F irm ), V ic to r ia  S tre e t ,  O p en sh aw , 
M a n ch este r .

2 E

Y ear
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Lnfcs. 1922. G a rn e t t ,  N ., B u ry  N ew  R o a d , K e rs a l,  
M a n c h es te r .

L n cs . 1919. G a r ts id e , F . ,  18, G eorge  S tr e e t ,  C h ad - 
d e r to n , L an c s .

W . & 1916. G ib b o n , O. R .
M.

L . 1922. G ib b s, A . F . ,  55, G o rd o n  R o a d ,
W a n s te a d .

N . 1925. G ill, C. S ., W e s tb a n k , C o n se tt,  C o u n ty  
D u rh a m .

Sc. 1920. G ille sp ie , P . ,  “  G le n o ra ,”  F a lk ir k
R o a d , B o n n y b r id g e .

E .M . 1915. G im so n , H .,  “  R h o s c o ly n ,”  T o lle r
R o a d , L e ic e s te r .

E .M . 1906. G im so n , S. A ., 20, G leb e  S tre e t ,
L e ic e s te r .

—  1920. G lo v e r, S ., R o o k e ry  F a r m , K e re s le y ,
n r .  C o v e n try .

S. 1905. G o o d w in , J .  T .,  R e d  H o u se , O ld  W h i t 
t in g to n ,  C h e s te rfie ld .

N . 1922. G o rd o n -L u h rs , H e n ry ,  52, M o o rs id e , 
F e n h a m , N e w c a s tle -o n -T y n e .

W .  & 1917. G o u ld , P . L ., V u lc a n  F o u n d ry ,  E a s t  
M. M o o rs , C ard iff.

W . & 1918. G o u ld , W . C ., 7, B ro a d  S tr e e t ,  B a r ry .  
M.

Sc. 1921. G ra h a m , J . ,  68, S h e rb ro o k e  A v e n u e , 
M ax w ell P a r k ,  G lasgow .

L n cs . 1922. G ra n d iso n , W . H . ,  113, A lb e r t  A v e n u e , 
S ed g ley  P a r k ,  P re s tw ic h , M a n 
c h e s te r .

L n cs . 1920. G ra n t ,  G . C. (S ir W . G. A rm s tro n g , 
W h itw o r th  & C o m p a n y , L im ite d ) , 
A s h to n  R o a d , O p e n sh a w , M a n 
c h e s te r .

N . 1921. G ra y , C. R . ,  14, L a t im e r  S tre e t ,
T y n e m o u th .

L . 1920. G ra y  S ., 29, C re sc e n t R o a d , L o n d o n , 
S .E .

N . 1912. G re e n s it t ,  R . H . ,  24, S tu a r t  T e rra c e , 
F e llin g -o n -T y n e .

E .M . 1920. G reen w o o d , R . ,  T h e  I n te r n a t io n a l  
C o m b u s tio n  E n g in e e r in g  C o., 
D e rb y .

B ’nch . Y ofr  M EM B ER S.
E lection .
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N . 1917. G re s ty , C ., 93, Q u een ’s R o a d , M o n k  
se a to n .

W . & 1906. G riffith s , H ., 70, P a r t r id g e  R o a d ,
M. C ardiff.

L nos. 1923. G ru n d y , L td . ,  J o h n  (S u b scrib in g  
F irm ) ,  T y ld e s le y , L an cs.

S. 1920. G u m m er, G ., ju n r .,  1, M o o rg a te  
T e rra c e , R o th e rh a m .

S. 1910. H a d fie ld , S ir  R . A. (H o n .) , H ad fie ld s , 
L im ite d , H e c la  W o rk s , Sheffield.

L n cs . 1906. H a ig h , J . ,  9, B ra d fo rd  R o a d , W a k e 
field .

W . & 1924. H a in e s , A. D ., P e n y b ry n , T y n y p w ll
M. R o a d , W h itc h u rc h , G lam .

W .R . 1919. H a le y , G. H .,  N a b  W ood  H o u se , 6,
of Y . T o w e r R o a d , S h ip ley , Y o rk s .
N . 1922. H a m ilto n , C. J . ,  30, M a lv e rn  S tre e t ,  

N  e w c as tle  - on  -T y n e .
L n cs . 1923. H a m m o n d , R . ,  37, C h u rch  R o a d , 

S m ith ills ,  B o lto n .
E .M . 1914. H a m m o n d , W m ., S am so n  F o u n d ry , 

S y s to n , L e ice s te r . 0
L n cs . 1904. H a m p so n , F . R . (J .  E v a n s  & Com - 

p a n y ) ,  B r i ta n n ia  W o rk s , C ross 
S tre e t ,  B la c k fr ia rs , M a n c h este r .

L n cs . 1924. H a rd y ,  W ., 36, R ib b le sd a le  P la ce , 
P re s to n .

S. 1925. H a rd w ic k , H ., C e m e te ry  R o a d , D ro n - 
field , n r .  Sheffield .

L . 1921. H a r fo rd ,  A . E .,  C a p t.,  85, S u m a tra  
R o a d , W e s t H a m p s te a d , N .W .6 .

—  1910. H a r le y ,  A ., A sh le a , S to k e  P a rk ,
C o v e n try .

B . 1925. H a rp e r ,  W . E .,  E n v ille  R o a d , K in v e r , 
S taffs.

L . 1918. H a r r is ,  A . J .  A . (C ap t.) , 41, H ig h  
R o a d , B a lb y , D o n c a s te r , Y o rk s .

L n cs . 1918. H a r t le y ,  W m . A le x r., S t.onebridge 
F o u n d ry  C o m p an y , L im ite d , C olne.

_ -  1922. H a rv e y , A n d ré , 118, S p rin g  R o a d ,
K e m p s to n , B e d fo rd .

S. 1909. H a tf ie ld , W . H ., D .M e t., T h e  B ro w n  
F i r th  R e se a rc h  L a b o ra to ry ,  P r in 
cess S tre e t ,  Sheffield.

Y ear
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N . 1921. H a w th o rn , L eslie  & C o m p a n y , R .
& W . (S u b sc r ib in g  F irm ) ,  S t.  
P e t e r ’s W  o rk s  ,N  e w ca s tle  - o n  -T y n e .

L n cs . 1918. H e lm , R . W ., e /o  F ra n c is  H e lm , L td . ,  
V ic to r ia  F o u n d ry ,  P a d ih a m , 
L an c s .

W .R . 1924. H e n ry , L td . ,  J o s e p h  (S u b sc r ib in g
of Y . F irm ) ,  M a n o r R o a d ,  H o lb e c k ,

L eed s .
L n cs . 1923. H e n sm a n , A . R . ,  121, P ly m o u th

G ro v e , C h a rlto n -o n -M e d lo c k , M an - 
C hester

N . 1913. H e rb s t ,  M. B ., 23, S a ltw e ll  V iew ,
G a te s h e a d -o n -T y n e .

Sc. 1917. H e th e r in g to n ,  R .,  105, W e s t  G eorge  
S tr e e t ,  G lasgow .

W . & 1912. H ird ,  B .,  “  W o o d c o t,”  U p p e r  C w m - 
M . b ra n ,  n r .  N e w p o r t ,  M on.

L . 1923. H o b b s , F .  W . G ., S ta n d a r d  B ra ss
F o u n d ry ,  P .O . B o x  229, B e n o n i, 
T ra n s v a a l ,  S .A .

Sc. 1919. H o d g a r t ,  H . M ., V u lc a n  W o rk s ,
P a is le y .

L n cs . 1923. H o d g k in so n , A ., F o r d  L a n e  W o rk s , 
P e n d le to n , M a n c h e s te r .

L n cs . 1914. H o d g so n , A ., 14, P a r k  R a n g e , V ic to r ia  
P a r k ,  M a n c h e s te r .

N . 1922. H o d g so n ,, G . W ., 2, B e ec h w o o d  T e r 
ra c e , S u n d e r la n d .

L n cs . 1912. H o g g , J . ,  365, M a n c h e s te r  R o a d )
B u rn le y , L an cs .

W .R . 1922. H o le h o u se , T . R . ,  14, T o w er R o a d ,
of Y . S a l ta i re ,  Y o rk s .
B . 1924. H o m e r , W . A ., “  D o u v il le ,”  L ech -

fie ld , R u s h a l l ,  S taffs.
N . 1919. H o lm es , C. W . H .,  M .M et., c /o

B ir t le y  I r o n  Co., B ir tle y ,  Co. D u r 
h a m .

Sc. 1914. H o o d , J o h n  M cL ay  (L ife ), 54, M ax w e ll
D r iv e , P o llo k sh ie ld s , G lasgow .

L n cs . 1919. H o rro c k s , B ., 1, J e r s e y  Street, A sh to n -  
u n d e r-L y n e .

L . 1920. H riu sb y , I . ,  3C9, N o rw ic h  R o a d ,
Ip sw ic h .

Y ear
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L n cs . 1922. H o w a rd  & B u llo u g h , L td .  (S u b 
sc r ib in g  F irm ) , A c c rin g to n , L an cs.

S. 1918. H o y le , J .  R . (T hos. F i r t h  & Sons, 
L im ite d ) , N o rfo lk  W o rk s , Sheffield.

\ \  .R . 1922. H u ll ,  T . FI., 26, M a c au lay  R o a d ,
of Y . B irk b y , H u d d e rsfie ld .
L . 1924. H u n t ,  N . H ., 15, W a n tz  R o a d ,

M a ld o n , E ssex .
L . 1920. H u n t ,  R . J . ,  “  G re en h ills ,”  E a r ls

C olne, E sse x .
N . 1920. H u n te r ,  H y .,  1, M an o r T e rra ce , T y n e 

m o u th .
L n cs . 1917. H u n te r ,  H . E .,  B a r to n  H a l l  E n g in e  

W o rk s , P a t r ic r o f t ,  M a n ch este r .
N . 1919. H u n te r ,  S u m m ers , C .B .E ., J .P . ,  1,

M an o r T e rra ce , T y n e m o u th .
B . 1907. H u r re n , F . H . (T he  R o v e r  C o m p an y  

L im ite d ) , M e teo r W o rk s , C o v e n try ,
S. 1920. H u r s t ,  F . A ., W o o fin d m  A v en u e ,

R a n m o o r ,  Sheffield .
L . 1914. H u r s t ,  J .  E .,  C e n tr ifu g a l C astin g s ,

L td . ,  K ilm a rn o c k .
L . 1925. H u t to n ,  R . S ., T h e  G reen w ay , H ig h  

W y co m b e , B u ck s .
S. 1911. H y d e , J .  R .,  A .M .I .M ec h .E ., 27, H a s t 

in g s  R o a d , M ill h ouses, Sheffield.
S. 1922. H y d e , R o b e r t  & Son , L td .  (S u b sc r ib 

in g  F irm ) ,  A b b e y d a le  F o u n d ry , 
W o o d se a ts , Sheffield.

Sc. 1925. H y m a n , H ., P h .D .,  55, D ix o n  A v en u e , 
C ro sslu ll, G lasgow .

S. 1915. J a c k s o n , L ., 2, R ic h m o n d  A v en u e , 
P a r k  L a n e , Sheffield .

L . 1925. J a m e s , A. W ., 1, B ro o m h ill  R o a d , 
Ip sw ic h .

L . 1911. J a r m y ,  J .  R . ,  “  A ja cc io ,”  A b b e y  R o a d , 
L e is to n , Suffolk .

W . & 1924. J e n k in s ,  T ., 51, T y d v il  S tre e t ,  B a rry .
M.
S. 1917. J e n k in so n , S. D ., C rom w ell H o u se , 

W in c o b a n k , Sheffield.

V ci?
B ’jc h .  o M EM B ER S.

E lection .
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L. 1904. J e w s o n , H ., E a s t  D e re h a m , N o rfo lk .
L . 1921. Je w so n , K . S ., 4, C oo p ers  T e rra c e ,

G earin g  R o a d , D e re h a m , N o rfo lk .
E .M . 1909. Jo b s o n , V ., T h e  D e rw e n t F o u n d r y  

C o m p an y , D e rb y .
L n cs . 1920. J o l le y ,  W ., B reeze  H il l,  U rm s to n  

L a n e , S tr e tfo rd ,  M a n c h e s te r .
L n cs . 1922. Jo n e s ,  G. A ., 54, F o x  S tre e t ,  E d g e le y , 

S to c k p o r t.
B . 1925. Jo n e s ,  O. P . ,  25, R a th b o n e  R o a d , 

B e a rw o o d , B irm in g h a m .
L n cs . 1922. J u b b s ,  J .  R .,  71, E d w a rd  S tre e t ,  

L o w er B ro u g h to n , M a n c h e s te r .
S. 1921. K a y se r ,  J .  P . ,  30, O a k h ill  R o a d , 

N e th e r  E d g e , Sheffield .
L n cs . 1925. K e lly , A . F . 31, W in d b o u rn e  R o a d , 

S t. M ich ae ls , L iv e rp o o l , S.
L . 1917. K e lly , J a s . ,  74, R o th e r f ie ld  S tre e t ,  

N .I .
L n cs . 1922. K e n t ,  C. W ., 16, B eech  G ro v e , W ith -  

in g to n , M a n c h e s te r .
L n cs . 1919. K e n y o n , H . W ., L im e  M o u n t, W h a lle y  

R o a d , A c c rin g to n .
L n cs . 1910. K e n y o n , M. S ., W a te r lo o , W h a lle y  

R o a d , A c c rin g to n .
L n cs . 1904. K e n y o n , R . W ., E n tw is t le  & K e n y o n , 

L im ite d ,  A c c rin g to n .
L . 1 9 1 7 .  K e s te r to n , A r t . ,  1 5 1 a , E n g le fie ld  R o a d , 

E s se x  R o a d , N .I .
L n cs . 1907. K e y , A . L ., 271, R e d d is h  R o a d , S. 

R e d d is h ,  S to c k p o r t.
Sc. 1914. K in g , D ., K e p p o c k  I ro n w o rk s , P o s s ij  

P a r k ,  G lasgow .
Sc. 1904. K in g , J . ,  100, W e ll in g to n  S tre e t ,

G lasgow .
W . & 1924. K in sm a n , W . S ., 116, M isk in  S tr e e t ,  

M. C ard iff.
Sc. 1919. K in n a ird ,  G eorge, 21, S t. A n n ’s D r iv e ,  

G iffnock , G lasgow .
S. 1925. K itc li in g , W . T .,  c /o  J o h n  F o w le r , 

D o n  F o u n d ry ,  Sheffield .
L . 1922. L a k e , W . B ., M o u n t P la c e , B ra in tr e e ,  

E sse x .

Y ear
ii'ricb. of M E M B E R S.

E lection .
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L. 1921. L a m b e r t ,  W esley , J .  S to n e  & Co., 
L im ite d , D e p tfo rd , S .E .

Sc. 1907. L a n d a le , D . (L ife), 36, G re a t K in g  
S tre e t ,  E d in b u rg h .

—  1919. L a n e , F . H . N ., 46, H o ly h e a d  R o a d ,
C o v e n try .

•— 1922. L a n e , H . M ., 333, S ta te  S tre e t ,  D e tro it ,
M ich igan , U .S .A .

W . & 1925. L aw re n c e , E d w a rd , 39, P e n -y -d re , 
M. R h iw b in a , n r . C ardiff.

L . 1921. L aw ren ce , G eo. D ., D o n n in g to n , B u sh - 
w o o d , L e y to n s to n e , E . l l .

L n cs . 1918. L ay fie ld , R . P . ,  42, M a rsd e n  R o a d , 
B u rn le y .

B . 1909. L ee , H o w l & C o m p an y , E n g in e e rs , 
T ip to n .

S. 1920. L e e tc h , S ., 126, P i t t  S t re e t ,  R o th e r 
h a m .

—  1922. L en n o x , D . W m ., T h e  H ig h  H o u se ,
L a d y e ’s H il l,  K e n ilw o rth .

— 1922. L e o n a rd , J .  (H o n .) , 51, Q u a i d u
C an a l, H e r s ta l ,  B elg ium .

L n cs . 1922. L ew is , A . H .,  6, C o v e rd a le  A v en u e , 
H e a to n , B o lto n .

W . & 1924. L ew is, B . E .,  6, T y  G w yn  R o a d , 
M. P o n ty p r id d .

W .R . 1922. L ia rd e t ,  A . A ., L e y la n d  M o to rs , L td . ,  
of Y . L e y la n d , L an cs.
N . 1920. L illie , G ., “  B lo o m fie ld ,”  S tra th m o re  

R o a d , R o w la n d s  G ill, D u rh a m .
S. 1913. L it t le ,  J . ,  20, S t. A n n ’s S q u a re ,

M a n c h este r .
N . 1918. L o g an , A . (R . & W . H a w th o rn , L eslie  

& C o m p an y , L td .) ,  S t. P e te r ’s 
W o rk s , N ew cas tle .

S. 1904. L o n g m u ir , P . ,  D .M e t., 2, Q ueens R o a d , 
Sheffield .

L n cs . 1913. L o n g w o rth , T . P .,  M oorside , H o rro c k s  
F o ld , B o lto n .

W .R . 1910. L o v e , A ., 232, G la d s to n e  S tre e t ,
of Y . B ra d fo rd ,  Y o rk s .
W .R . 1913. L o x to n , H ., H ill  B ro s., N e v in  F o u n - 
of Y . d ry ,  L eeds.

Y ear
B 'nch . of M EM BERS.

E lection .
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E .M . 1913. L u c a s , J . ,  “  S h e rw o o d ,”  F o re s t  R o a d , 
L o u g h b o ro u g h .

L . 1922. L u k e , C. H ., “  R o s ly n ,”  L y o n sd o w n , 
N ew  B a rn e t ,  H e r ts .

L . 1921. L u m , H a r r y ,  54, P a r k  R o a d , D a r t fo rd .
Sc. 1922. M a c au lay , J .  M ., B .S c ., A .M .I .M .E .,

52, A b b e y  D riv e , G o rd o n  H il l ,  
G lasgow .

L n cs . 1924. M a c K a y , M ., 191, E d m u n d  S tre e t ,  
R o c h d a le .

Sc. 1914. M acK en z ie , A lex . D ., 35, B ra id  R o a d , 
E d in b u rg h .

Sc. 1910. M ack en z ie , L . P . ,  5, P o lw a r th  T e rra c e , 
B a lc a r re s  S tr e e t ,  E d in b u rg h .

N . 1923. M ack ley , J .  R . ,  “  M e a d o w c ro f t ,”
S to c k sfie ld -o n -T y n e .

L n cs . 1917. M ak em so n , T ., 21, B e re s fo rd  R o a d , 
S tr e tfo rd ,  M a n c h e s te r .

S. 1921. M a n d e r, T . G ., N o rr is  D e a k in  B u i ld 
in g s, K in g  S tr e e t ,  Sheffield .

L n cs . 1922. M a rk h a m , C ., “ R in g w o o d ,”  n e a r
C h este rfie ld .

L n cs . 1919. M a rk la n d , T . W ., 327, T o n g e  M oor 
R o a d , B o lto n .

B . 1924. M a rk s , A ., F .I .C .,  A .M .I .M e e h .E .,
A .R .S .M ., 78, H im le y  R o a d , D u d 
le y , W o rcs.

L n cs . 1923. M a rsd e n , F . ,  126, H a le  R o a d , H a le , 
L an cs .

L n cs . 1922. M a rsd e n  & S on , J .  (S u b sc r ib in g  
F irm ) ,  188,R e g e n t  R o a d ,L iv e rp o o l .

S. 1922. M a rsh a ll, J . ,  “ T h e  W illo w s ,”  B a rro w  
H ill,  C h esterfie ld .

L . 1922. M a r t in , M. J . ,  200, P a r k  R o a d , C ro u ch  
E n d ,  N .

L . 1924. M aso n , W . C., R ic h a rd s o n  & C ru d d a s , 
B y c u lla  I r o n  W o rk s , B o m b a y , 
In d ia .

S. 1915. M a th e r , T ., 149, C a rh o lm e  R o a d , 
L in c o ln .

N . 1912. M a th ew s, W ., 4, B u rn s id e , W ill in g to n  
Q u a y -o n -T y n e .

Y ear
B ’neh  of M EM B ER S.

E lection .
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Yeir
B'nch. of

E lection .
L . 1923.

Sc. 1918.
N . 1921.

Sc. 1925.

W . & 1922.
M.

L. 1922.

N . 1922.

N . 1924.

Sc. 1919.

S. 1916.

L . 1919.

Sc. 1922.

Sc. 1923.

L n cs . 1921.

— 1922.

L n cs . 1923.

N . 1918.

Sc. 1918.

L n cs . 1917.

L n cs . 1919.

M EM BERS.

1923. M a y b rey , H . J . ,  B .A ., D .I .C ., 22a N 
G lo u ces te r  R o a d , S o u th  K e n s in g  
to n , S .W .7. 

y e r , T .
1921. M ay h ew , C. M ., 28, G rin d o n  T e rra ce , 

S u n d e rla n d .
1925. M c A rth u r , J . ,  ‘L H a w th o rn ,”  Sh ie lds 

R o a d , M oth erw ell.
W . & 1922. M cC le llan d , J .  J . ,  “  D ru s ly n ,”  B ish o p s 

R o a d , W h ite c h u re h , G lam .
1922. M cC onnell, S. J . ,  44, B ly th e  V ale , 

C a tfo rd , S .E .6 .
1922. M cC rory , C., 5, S ta tio n  R o a d , W all- 

s e n d -o n -T y n e .
1924. M cD o n a ld , J . ,  T h e  V illa , W illin g to n  

Q u a y -o n -T y n e .
1919. M cF ed ries , T .,  17, K irk to n h o lm  S tre e t ,  

K ilm a rn o c k .
1916. M cG rah , F . E .,  “  R o s e g a r th ,”  W ood- 

f ie ld  A v e n u e , P e n n , W o lv e rh a m p 
to n .

1919. M c In to sh , A . E .,  E n g in e e rs ’ C lub , 
C o v e n try  S tre e t ,  L o n d o n , W .

1922. M c K in n o n , G av in , 1477, D u m b a r to n  
R o a d , S c o ts to u n , G lasgow .

1923. M c K in ty , J . ,  229, 8 2nd  S tre e t ,  B ro o k 
ly n , N .Y ., U .S .A .

L n cs . 1921. M c L ac h la n , J a s . ,  2, B ro a d o a k s  R o a d , 
W a sh w a y  R o a d , S a le , n r . M a n 
c h es te r .

— 1922. M cL ain , D . (H o n .) , 710, G o ld sm ith ’s
B u ild in g s , M ilw au k ee , W is ., U .S .A . 

L n cs . 1923. M cL ean , C. G ., 14, J e m m e t t  S tre e t,  
P re s to n .

1918. M cP h e rso n , T ., M .B .E ., 21, P e rc y  
P a r k  R o a d , T y n e m o u th .

Sc. 1918. M c T u rk , J .  B ., D o r ra to r  I ro n  C om 
p a n y , F a lk irk .

L n cs . 1917. M e a d o w cro ft, W m . H ., 7.2, E l l io t t  
S tre e t ,  T y ld e s le y , n r .  M an c h este r . 

L n cs . 1919. M ed calf, W ., 265, M a n c h es te r  R o a d , 
B u rn le y , L an cs.
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L . 1922. M e lm o th , F . A ., F a i r m o n t ,  C o g g esh a ll 
R o a d , B ra in tre e ,  E sse x .

L . 1920. M elv ille , A . C., F .I .C .
L n cs . 1912. M ilb u rn , J . ,  H a w k s h e a d  E n g in e e r in g

W o rk s , W o rk in g to n .
—  1919. M iles, F . W .
S. 1921. M iles (M ajo r), R . ,  C h a p e lto w n , n r .

Sheffield .
L n cs . 1916. M iles, R d . A ., 46, D e a n  L a n e , N e w to n  

H e a th ,  M a n c h es te r .
Sc. 1921. M illa r , A. C ., P a rk v ie w , D a iry ,  A y r 

sh ire .
L n cs . 1918. M ills , H i l to n , 9, S to c k s , A lk r in g to n , 

M id d le to n , L an c s .
— 1924. M ills , R . C., 90, K e lse y  S tre e t ,  W a te r -

b u ry ,  C o n n ., U .S .A .
1923. M itch e ll, A .M .,  470, V ic to r ia  A v e n u e , 

M o n tre a l,  C a n ad a .
Sc. 1920. M itch e ll, W . W ., D a r ro c h , F a lk irk .
L n cs . 1921. M offa t, W m ., L in d e n  H o u se , C h ap el- 

e n - le -F r i th .
•—  1910. M o ld en k e , D r . R . (H o n . M em b er).

N e w  Y o rk .
E .M . 1914. M oore , H . H .,  H o lm w o o d , L e ic e s te r  

R o a d , L o u g h b o ro u g h .
N . 1912. M o rris , A ., P a l lio n  F o u n d ry ,  S u n d e r 

la n d .
B . 1925. M o rris , D ., Q u e e n ’s R o a d , T ip to n ,  

S taffs.
L . 1925. M u n d e y , A . H .,  14, W ro tte s le y  R o a d , 

W o o lw ich , S .E .1 8 .
S. 1918. N ew ell, E rn e s t ,  M .I.M ec h .E ., T h e

T h o m e , M is te r to n , v ia  D o n c a s te r .
N . 1912. N e w to n , J .  W ., 19, W a v e r le v  T e rra c e , 

D a r l in g to n .
L n cs . 1920. N e w to n , S am , L in o ty p e  & M a c h in e ry  

L td . ,  A ltr in c h a m .
L . 1924. N ik a id o , Y ., (L ie u t.-C o m .) , H iro

N a v a l  W o rk s , K u re ,  J a p a n .
N . 1913. N o b le , H ., “ T h e  C e d a rs ,”  L o w  F e ll, 

Co. D u rh a m .

Y ear
B ’nch. of M EM B ER S.

E lec tio n .
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L n cs . 1924. N o o r, M o h am ed  S., 1, Z ak i P a c h a  
B u ild in g s , G h e it  E l  E d d a , A b d in , 
C a iro , E g y p t.

L . 1913. N o rm a n , A . J . ,  43, D u n v e g a n  R o a d , 
E lth a m , S .E .

S. 1923. N o r th ,  T h e  H o n ., J .  M. V?., “  L in d e n 
h u r s t ,”  C hesterfie ld .

N . 1921. N o r th -E a s te rn  M arin e  E n g in e e r in g  
C o m p an y  L td .  (S u b sc rib in g  F irm ), 
W allsen d -o n -T y n e .

W .R . 1922. N u t ta l l ,  H ., S p rin g  E d g e , H a lifa x .
of Y .
L n cs . 1918. O a k d en , E .,  A .M .I.C .E ., F u r th e r  H e y , 

W o o d le y , n r .  S to c k p o rt.
B . 1917. O ’K eefe , W in ., 62, S ta n h o p e  S tre e t ,  

B irm in g h a m .
N . 1920. O liv er, R ., 35, E d i th  S tre e t ,  Ja r ro w -  

o n -T y n e .
L n cs . 1921. O rm e ro d , J . ,  24, B a r r e t t  S tre e t ,

B u ry .
S. 1913. O sb o rn , S ., C lyde  S tee l W o rk s , S h e f

field.
L . 1906. O sw ald , J . ,  “ T h e  D r iv e ,” N ig h t in 

g a le  L an e , W a n d s w o rth  C om m on, 
S .W .

L. 1919. O tto , C. A ., 22, O w en ite  S tre e t ,  A b b e y  
W o o d , S .E .

—  1918. O u b rid g e , W . A ., A .M .I.M .E . (B ritish
P is to n  R in g  C o m p an y , L im ite d ) , 
H o lb ro o k  L an e , C o v en try .

S. 1921. O x ley , G. H .,  N o r to n  G ran g e , n r . 
Sheffield.

S 1915. O x ley , G. L ., V u lc a n  F o u n d ry , A tte r -
cliffe, Sheffield.

S 1910. O x ley , W ., V u lc an  F o u n d ry , A tte r -
cliffe, Sheffield.

W . & 1924. P a d fie ld , S. J .  C., 70, C aero n  R o a d , 
M . N e w p o rt,  M on.

N . 1921. P a lm e r ’s S h ip b u ild in g  & I ro n  C om 
p a n y  L td .  (S u b sc rib in g  F in n ) ,  
H e b b u rn -o n -T y n e .

Y ear
B ’nch . of M EM BERS.

E lec tion .



Y ear
B'nch. of M EM BERS.

E lection .

W .R . 1922. P a rk e r ,  W-., 22, C lay  P i t s  L a n e ,
of Y . P e llo n , H a lifa x .
E .M . 1905. P a rk e r ,  W . B ., 1, M u rra y  R o a d , 

R u g b y .
W .R . 1907. P a rk in so n , J . ,  S h ip lev , Y o rk s .
of Y .
S. 1924. P a r ra m o re ,  A ., C a le d o n ian  F o u n d ry ,  

C h a p e lto w n , Sheffield .
N . 1923. P a rso n s , F . H ., “  A v o n d a le ,”  H e a to n  

P a r k  V iew , H e a to n , N ew c as tle .
N . 1915. P a rso n s , H y . F . ,  “ A v o n d a le ,”

H e a to n  P a r k  V iew , H e a to n ,  N e w 
cas tle .

L . 1922. P a tc h in ,  G eo., A .R .S .M ., “  A sh-
d e n e ,”  F u rz e fie ld  R o a d , B eaco n s- 
field.

N , 1912. P a t te r s o n ,  R . O ., T h o rn e y h o lm e ,
W y la m  - on  - T y n e .

N . 1912. P a u l in ,  W . J . ,  1, S ta n n in g to n  G ro v e , 
H e a to n , N ew cas tle .

E .M . 1924. P e a ce , A . E .,  C la re m o n t, L it t le o v e r  
H o llo w , n r . D e rb y .

B . 1924. P e a rce , J .  G ., B .S e ., D ire c to r  B r i t is h  
C a s t I ro n  R e se a rc h  A ssn ., C e n tra l 
H o u se , 75, N ew  S tre e t ,  B irm in g 
h a m .

E .M . 1913. P e a rso n , N . G. (L ie u t-C o l.) , B e es to n  
F o u n d r y  C o m p an y , L im ite d , B e e s 
to n , N o tts .

E .M . 1914. P eg g , S. J . ,  A le x a n d e r  S tre e t ,  L e ice s 
te r .

L ncs. 1909. P e ll, J . ,  100, R o se g ro v e  L a n e , R o se- 
g ro v e , B u rn le y , L an cs .

L n cs . 1922. P e l la t t ,  D . L ., 43, H a w th o rn  R o a d , 
D e an e , B o lto n .

S. 1924. P e n n in g to n , A . H .,  44, D o v e rc o u r t
R o a d , Sheffield.

E .M . 1918. P e rk in s , J .  E .  S ., “ H il lm o r to n ,”
T h e  P a rk ,  P e te rb o ro u g h .

—- 1920. P e rk s , C., P h o en ix  C a stin g s , L td . ,
C o v e n try .

L n cs . 1919. P e r ry m a n ,  W ., 17, H u r s t  S tr e e t ,  B u ry .
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L u cs. 1022. P la ce , J .  H ., “  G irs ie ,” 258, M a n 
c h e s te r  R o a d , B u rn ley .

—  1919. P la y e r ,  E .,  C ow  L ees, A s tle y , n r .
N u n e a to n .

E .M . 1922. P o c h in , R . E .,  246, F o sse  R o a d , 
S o u th , L eiceste r.

L n cs . 1922. P o lla rd , J .  T ., 7, P o w ell S tre e t,
B u rn ley .

W .R . 1912. P o l l i t t ,  E . E . (P o l l i t t  & W igzell),
of Y . S o w erb y  B rid g e .
L n cs . 1924. P o llo c k  & M acn ab  (S u b s id ia ry ), L td . ,  

(S u b sc rib in g  F irm ) , B re d b u ry , n r . 
S to c k p o r t.

W .R . 1922. P o o le , W . H ., K in g s  G rove , V illa
of Y . R o a d , B in g ley , B ra d fo rd .
Sc. 1923. P o r te r ,  H . W ., c /o  F . H a se ld in e , 

B ro a d w o o d , B e es to n , N o tts .
B . 1919. P o t t ,  L . C., T h e  H a rd w a re  M fg. Co.

H ig h b u ry  L an e , C h e lte n h am .
E .M . 1924. P o t te r ,  W . C., “  K e n w a ly n ,” S yke- 

field A v en u e , L e ice ste r.
S. 1908. P re s tw ic h , W . C., C h a rn w o o d , C ecil 

R o a d , D ro n fie ld , Sheffield.
Sc. 1920. P r im ro se , J a m e s , M ., 47, B a ird  S tre e t ,  

C am elon , F a lk irk .
B . 1924. P r i tc h a r d ,  P .,  “ E a s tc o te ,” S t. A gnes 

R o a d , M oseley , B irm in g h a m .
E .M . 1904. P u ls fo rd , F . C., “  K e n m o re ,” San-

d o w n  R o a d , L e ice s te r .
N . 1917. P u n s h o n , J .  J . ,  13, L o n g ley  S tre e t ,

N e w c as tle -o n -T y n e .
—  1922. R a m a s , E . (H o n o ra ry ) ,  2, R u e  de

C o n s ta n tin o p le  P la ce  de l ’E u ro p e , 
P a r is .

N . 1912. R a n g , H . A. J . ,  2, S t. N ich o la s  B u ild 
in gs, N ew c as tle -o n -T y n e .

L n cs . 1919. R a n ic a r , W ., 1, P a r r  S tre e t ,  T y ld e s le y . 
L an cs.

Sc. 1923. R a t t r a y ,  W . J . ,  c /o  B u m s  & C o.,
L td . ,  H o w ra h , B en g al, In d ia .

B n c’h . of M EM BERS.
E lection.
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B'nch of M EM BERS.
Election.

S. 1921. R a w lin g s , G eo., 23, B a n n e r  C ross
R o a d , Sheffield .

B . 1909. R e aso n , H .  L „  M .I .M ec h .E ., M .I .M ., 
29, H a lle w e ll R o a d , E d g b a s to n ,  
B irm in g h a m .

Sc. 1920. R e id , A . G ., 15, A lb a n y  T e rra c e ,
S p rin g b o ig , S h e ttle s to n , N .B .

Sc. 1920. R e n n ie , A ., “  K i ln s id e ,” F a lk ir k .
L n cs . 1919. R h e a d , E . L ., P ro f . (H o n o ra ry ) ,  C o l

lege  of T ec h n o lo g y , M a n c h e s te r . 
S. 1923. R h y d d e rc h , A ., 165, S h ire b ro o k  R o a d , 

Sheffield .
L n cs . 1919. R ic h a rd so n , W . B ., H o p e  F o u n d ry ,  

F a m w o r th ,  n r .  B o lto n .
Sc. 1911. R id d e ll ,  M ., D u n g o y n e , 35, A y to u n  

R o a d , P o llo k sh ie ld s , G lasgow .
B . 1923. R o b e r ts ,  E . ,  39, R a d fo rd  R o a d ,

L ea m in g to n .
—  1919. R o b e r ts ,  G. E .,  “ R o se d a le ,”  E a r lsd o n

A v e n u e , C o v e n try .
L n cs . 1921. R o b e r ts ,  G. P . ,  153, B ra n d le sh o lm e  

R o a d , B u ry , L an cs .
Sc. 1922. R o b e r ts o n , D o n a ld  M ., G a rr iso n  C h a m 

b e rs , F a lk irk .
Sc. 1911. R o b e r ts o n , R .,  E tn a  I ro n w o rk s , F a l 

k irk .
W .R . 1908. R o b in so n , J .  G ., 17, G ib ra l ta r  R o a d , 
of Y . H a lifa x .
L n cs . 1912. R o b in so n , S ., L eafie ld , D e rb y  R o a d , 

W id n e s .
L n cs . 1912. R o e , S ., 6, G ra n th a m  S tre e t ,  O ld h a m .
—  1909. R o n c e ra y , E . (H o n .) , 3, R u e  P a u l

C arle , C h o isy -le -R o i, S e ine , P a r is ,  
F ra n c e .

—  1925. R o p sy , P . A ., 27, R u e  D o d o e n s ,
A n tw e rp , B e lg iu m .

—  1923. R o x b u rg h , W ., 271, C lif to n  R o a d ,
R u g b y .

S. 1918. R u sse ll, F . ,  c /o  G e n era l R e f ra c to r ie s
C o m p an y , L im ite d ,  K e lh a m  
Is la n d , Sheffield .

E .M . 1924. R u sse ll, P . A ., 88, D u lv e r to n  R o a d , 
L e ice ste r.

Y ear
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E .M . 1906. R u sse ll, S. H ., B a th  L an e , L eiceste r.
N . 1915. S a n d e rso n , F . (L aw son , W a lto n  &

C o m p an y , L td .) ,  2, S t. N ich o la s  
B u ild in g s , N ew castle -o n -T y n e .

S. 1921. S a n d fo rd , J . ,  46, C lifford  R o a d , S h e f
field.

N . 1915. S a u n d e rs , J . ,  B o ro u g h  R o a d  F o u n d ry , 
S u n d e rlan d .

B . 1921. S c a m p to n , C has., S o u th  A v e n u e ,
S to k e  P a rk ,  C o v en try .

B . 1910. S e x to n , A. H u m b o lt  (H on . L ife).
L . 1922. S h a n n o n , H ., 112, M a d rid  R o a d ,

B a rn e s , S .W .
Sc. 1920. S h a rp e , D an ie l, 100, W e llin g to n  S t., 

G lasgow .
S. 1906. S h aw , J . ,  39, M o n tg o m ery  R o a d ,

Sheffield.
L . 1907. S h aw , R . J . ,  41, D o rs e t R o a d , S o u th  

E a lin g , W .5 .
N . 1922. S h aw , W . (S u b sc rib in g  F irm ),

* W e llin g to n  C a st S tee l F o u n d ry , 
M id d le sb ro u g h .

S. 1908. S h e e p b rid g e  C. & I .  C o m p an y , L im ite d
(S u b sc rib in g  F irm ) , S h eep b rid g e  
W o rk s , C hesterfield .

B . 1922. S h e n a i, S. D ., E a s t  R o a d , T .D .
T em p le , C ochin , E . In d ia .

L n cs . 1907. S h e rb u m , H . (L ife), c /o  R ich m o n d  
G as S to v e  a n d  M e te r  C o m p an y , 
L im ite d , G ra p p en h a ll W o rk s , W a r 
r in g to n .

L n cs . 1905. S h e rb u m , W . H . (L ife), R o th e rw o o d , 
S to c k to n  H e a th ,  W a rr in g to n .

L . 1913. S h illito e , H .,  “ W es tw o o d ,” P o t t e r ’s 
B a r , N .

N . 1920. S h ip ley , H . J . ,  49, T h e re sa  S tre e t, 
B lay d o n -o n -T y n e .

W .R . 1922. S h o esm ith , N ., 8, N o s te r  H ill,  B ees to n ,
of Y . L eeds.
L n cs . 1907. S im k iss , J . ,  A b in g to n  H o u se , H y d e  

R o a d , G o rto n , M an ch este r.
N . 1913. S im m , J .  N ., 61, M arin e  A v en u e , 

M o n k sea to n .

Y ear
B 'nch  of M EM BERS.

E lection .
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L n cs. 1914. S im p so n , H .,  99, P e e l S tre e t ,  R o c h 
d a le .

W .R . 1921. S lin g sb y , W ., H ig h fie ld  V illa , K e ig li-
o f Y . ley.
L . 1925. S m all, F . G ., “  M e lid e n ,”  B u rd o n

L a n e , C heam .
N . 1921. S m a lley , 0 . ;  P a r k  V illa , T h ry b e rg h , 

R o th e rh a m .
S. 1922. S m ith , A ., “  O a k ro y d ,”  D o d w o rth

R o a d , B a rn s ley .
S. 1922. S m ith , A . Q u a lte r , 118, D o d w o rth

R o a d , B a rn s le y .
B . 1925. S m ith , B . W ., 104, S u t to n  R o a d ,

E rd in g to n ,  B irm in g h a m .
B . 1919. S m ith , C. R .,  “ M ilv e r to n  H o u s e ,”

R ich e s  S tre e t ,  W o lv e rh a m p to n .
N . 1908. S m ith , E .,  B e lle  V u e , H a r to n ,  S o u th  

S h ie lds .
S. 1921. S m ith , F re d k .,  D e v o n sh ire , V illa s ,

B a rro w  H ill,  n r .  C hesterfie ld .
E .M . 1921. S m ith , G eorge, C av en d ish  P la c e , B ees- 

to n ,  N o tts .
N . 1905. S m ith , .L, “  H a r to n  L e a ,”  H a r to n ,

S o u th  S h ie ld s .
Sc. 1920. S m ith , J .  C. J . ,  25, C lu n y  D riv e , 

E d in b u rg h .
N . 1917. S m ith , J .  E .,  7, L ily  A v e n u e , Je sm o n d , 

N e w c as tle .
W .R . 1922. S m ith , J .  W ., 96, B e ec h  G ro v e ,
of Y . C la y to n  R o a d , B ra d fo rd .
N . 1922. S m ith  P a t te r s o n  & C o m p an y , L im ite d  

(S u b sc rib in g  F irm ) ,  P io n e e r  W o rk s , 
B la y d o n -o n -T y n e .

N . 1913. S m ith , R . H .,  16, D u lv e r to n  A v e n u e , 
S o u th  S h ie lds .

N . 1919. S m ith ,- S. E .,  W o o d sid e , R o w la n d s
G ill, N e w c a s tle -o n -T y n e .

B . 1925. S m ith , W . S ., 15, B ro a d fie ld s , R o a d , 
E rd in g to n , B irm in g h a m .

L . 1923. S n o o k , S. W . G ., 30, L aw re n c e  R o a d , 
T o tte n h a m , N .I5 .

L. 1914. S o m m erfie ld , H . G ., C h a r te rh o u se
C h a m b e rs , C h a r te rh o u se  S q u a re , 

L o n d o n , E .C .l .

Y ear
B 'nch . of M E M B E R S,

E lection .
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E .M . 1914. S p ie rs , T . A ., “  B e la h ,”  M a rs to n
R o a d , L e ice ste r.

—  1921. S ta n d a rd  M o to r C o m p an y , L im ite d
(S u b sc rib in g  F irm ) , C an ley , C o v 
e n try .

L n cs . 1922. S ta v e le y  C oal & I ro n  C o m p an y  
(S u b sc rib in g  F irm ) ,  S ta v e le y  
W o rk s , n r .  C hesterfie ld .

—  1910. S te a d , J .  E . (H o n . m em b er) .
Sc. 1920. S te v e n , A. W ., L a u r is to n  Iro n w o rk s , 

F a lk irk .
E .M . 1914. S te v en so n , E .,  “  C h a m w o o d ,” A lb e r t  

A v en u e , C a rlto n  H ill, N o tt in g h a m .
N . 1912. S to b ie , V ., O akfield , R y to n -o n -T y n e .
L . 1912. S to n e , J . ,  106, H a r la x to n  R o a d ,

G ra n th a m .
—  1922. S to n e s , J . ,  2, M a rsh a ll R o a d , A gar-

p a r a ,  K a m a r h a t t i  P .O ., C a lc u tta , 
L id ia .

N . 1921. S to th a rd ,  A ., 66, H ig h b u ry , N ew castle - 
o n -T y n e .

E .M . 1916. S tre e t ,  W ., 20, B u rle ig h  R o a d , L o u g h 
b o ro u g h .

L n cs . 1921. S tu b b s , L im ite d , Jo s . (S u b sc rib in g  
F irm ) ,  M ill S tr e e t  W o rk s , A n c o a ts , 
M an ch este r .

L n cs . 1912. S tu b b s ,  O. (H o n . L ife), (J*. S tu b b s , 
L im ite d ) , O p en sh aw , M an ch este r .

L n cs . 1919. S tu b b s , R . W ., 209, D ic k en so n  R o a d , 
L o n g s ig h t, M a n ch este r .

W .R . 1922. S u m m ersca les , W . H . G ., R o ck fie ld ,
of Y . K e ig h ley .
W .R . 1919. S u m m ersg ill, H . ,  S ta n a c re  F o u n d ry ,
of Y . W a p p in g  R o a d , B ra d fo rd .
S. 1918. S w ift, L . J . ,  “ T h e  F a r m ,” H u n te r ’s 

L an e , H a n d sw o r th ,  Sheffield.
S. 1908. S w in d e n ,T ., D .M e t., 26, O ak h ill R o a d , 

N e th e r  E d g e , Sheffield.
W .R . 1912. S y k es, J .  W ., B ird a c re  H o u se , G om er-
of Y . sa il, L eeds.
L n cs . 1924. T a y lo r , A ., 84, H o rn b y  R o a d , B la c k 

pool.

Y ear
B 'nch . of M EM B ER S.

E lection .
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N . 1919. T a y lo r , C. R . R .,  M a n o r H o u s e , S o u th  
S h ie lds .

N . 1922. T a y lo r  & S on , L im ite d ,  C. W . (S u b 
sc r ib in g  F irm ) ,  N o r th  E a s te r n
F o u n d r ie s ,  S o u th  S h ie ld s .

L n cs . 1911. T a y lo r , R . (A sa L ees & C o m p a n y , 
L im ite d ) , O ld h a m .

L n cs . 1920. T h o m p so n , H .,  6, D o b so n  R o a d ,
B o lto n .

N . 1923. T h o m so n , A ., P e rc y  H o u s e ,  P e rc y  
P a r k  R o a d , T y n e m o u th .

W .R . 1922. T h o rn to n , W . G ., 1 ,081, G ran g efie ld
of Y . A v e n u e , T h o m b u ry ,  B ra d fo rd .
L . 1924. T h o m y c ro f t  a n d  C o., L td . ,  J o h n  I .

(S u b sc r ib in g  F irm )  (T .D o n a ld so n ) , 
I r o n  F o u n d ry ,  W o o ls to n  W o rk s , 
S o u th a m p to n .

W .R . 1906. T h w a ite s  B ro s ., L im ite d ,  y i i lc a n  I ro n
of Y . W o rk s , B ra d fo rd .
—  1922. T o u c e d a , E . (H o n .) , 943, B ro a d w a y ,

A lb a n y , N .Y .,  U .S .A .
L n cs . 1921. T o w n  E n d  F o u n d r y  L td .  (S u b sc r ib in g  

F irm ) ,  C h a p e l-e n - le -F r ith , D e r b y 
sh ire .

L . 1924. T o y , S. V ., T h e  R id g e , S a l tb u m -b y -  
th e -S e a .

L . 1922. T re m a y n e , C h as., 26, E v e rs le y  R o a d , 
C h a r lto n , S .E .7 .

Sc. 1922. T u llis , D . R . ,  10, E g lin to n  D r iv e ,  
K e lv in s id e , G lasgow .

B . 1910. T u rn e r ,  P ro f . T . (H o n . M em b er), T h e  
U n iv e rs i ty ,  B irm in g h a m .

Sc. 1923. T u tc h in g s , A ., 152, G re e n h e a d  D r iv e ,  
S o u th  G o v a n , G lasgow .

L n cs . 1909. T w e ed a le s  & S m a lle y , L im ite d ,  G lobe  
W o rk s , C a s tle to n , L a n c s .

B . 1918. T y so n , E . H . ,  406, R o t to n  P a r k  R o a d , 
. B irm in g h a m .

S. 1916. U n d e rw o o d , G- H . ,  P y e  B r id g e  H o u se , 
P y e  B rid g e , A lf re to n , D e rb y sh ire .

Sc. 1913. U re , G. A ., B o m iy b r id g e , S c o tla n d .
N . 1914. V a rd y , G „  M .B .E ., T h e  P in e s ,  H i l l

B ro w  S tre e t ,  n r . P e te rs f ie ld .

Y ear
B ’nch . of M EM B ER S.

E lection .
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Y ear
B ’üch. of . M EM BERS.

Election.

—  1922. V a r le t ,  J .  (H o n .) , E sp é ra n c e  L o n g d o z
W o rk s , L ièg e , B e lg iu m .

S. 1924. V a rm a , J .  P . ,  48, P e v e r il  R o a d ,
Sheffield .

S. 1922. V ick ers , L im ite d  (S u b scrib in g  F irm ), 
R iv e r  D o n  W o rk s , Sheffield. 

L n cs . 1922. V ick ers , L im ite d  (S u b sc rib in g  F irm ).
B a rro w -in -F u rn e s s .

B . 1917. V ick ers , T .,  14, N ew  S tre e t ,  B irm in g 
h a m .

S. 1917. V illag e , R .,  B irch o lm e , D ro n fie ld ,
n r . Sheffield .

Sc. 1911. W a d d e ll ,  R . C., 2, P e rc y  S tre e t ,
Ib ro x ,  G lasgow .

L n cs . 1924. W a in w rig h t, T . G ., T h e  M o u n t, 195, 
H u d d e rs f ie ld  R o a d , S ta ly b r id g e . 

S. 1907. W a lk e r , E .,  E ffin g h a m  M ills, R o th e r 
h a m .

L n cs . 1924. W a lk e r , J .  S .A ., M a jo r, W a lk e r  B ro s ., 
L td . W ig an .

S . 1918. W a lk e r , T . R .,  42, F i r t h  P a rk
C rescen t, Sheffield .

N . 1921. W a llse n d  S lip w a y  & E n g in e e r in g  Co., 
L td .  (S u b sc rib in g  F irm ) , W allsen d - 
o n -T y n e .

—  1922. W a lte r s ,  A . F .  (H . I .  D ix o n  & C om 
p a n y ,  L im ite d ) , T h e  O m ia r F o u n d 
in g  E n g . C o m p an y , L im ite d , L o v e  
L a n e , M azag o n , B o m b a y , In d ia .  

S. 1908. W a rd , A. J .  (T . W . W a rd , L im ite d ) ,
A lb io n  W o rk s , S av ille  S tr e e t ,
Sheffield .

S. 1914. W a rd , J .  C., O ak  P a r k ,  M a n c h e s te r
R o a d , Sheffield.

E .M . 1910. W asse ll, A ., K i lb u m  H a ll, n r . D e rb y .
S. 1915. W a ts o n , J . ,  31, H o rn to n  C o u r t,

K e n s in g to n , W .8 .
N . 1919. W a tso n , J .  H ., 6, S id n e y  G rove ,

N ew c as tle -o n -T y n e .
W .R . 1922. W a tso n , Jo s . J . ,  3, S p rin g d a le  A v en u e- 
of Y . H u d d e rsfie ld .
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B. 1917. W e b b , B ., 531, S to u rb r id g e  R oad-
S c o t t  G reen , D u d le y .

L  1925. W e b s te r , F .  K .,  6, H a le s w o r th  R o a d , 
L ew ish am , L o n d o n , S .E .1 3 .

Sc. 1920. W eir , R t .  H o n . L o rd , T h e  P .O .,
D .L ., L L .D . (L ife  M em b er), G. 
a n d  J .  W e ir , L im ite d ,  C a th c a r t ,  
G lasgow .

N . 1912. W eir , J .  M ., 7, S ta n h o p e  R o a d , S o u th  
S h ie lds .

W .R . 1908. W e lfo rd , R . D ., S o c ie d a d  E s p a ñ o la
of Y . d e  C o n s tru c io n  N a v a l ,  e l A rse n a l,

A p a r tu d o ,  N o . 1, F e r ro l ,  S p a in .
S. 1910. W ells , G. E . (E d g a r  A llen  & C o.,

L im ite d ) ,  Im p e r ia l  S te e l W o rk s , 
Sheffield .

S. 1914. W ells , J .  A . E .,  M o o rla n d s , R in g -
in g lo w  R o a d , Sheffield .

S. 1921. W h a r to n , E .,R o s e m o n t ,  S ta t io n  R o a d ,
B r im in g to n , C h este rfie ld .

N . 1913. W h a r to n ,  J . ,  M a ry p o r t ,  C u m b e r 
la n d .

S. 1920. W h e d d o n , A . L .,  33, O sb o rn e  S tr e e t ,
W in sh ill, B u r to n -o n -T re n t.

S. 1916. W h ite le y , A ., 7, G len  R o a d , N e th e r
E d g e , Sheffield .

L n cs . 1910. W h it ta k e r ,  C. & C o m p a n y , L im ite d
D o w ry  S tr e e t  I ro n w o rk s , A c 
c r in g to n .

B .. 1922. W h y te ,  D ., 8, V a le  V iew , P o r th i l l ,
W o ls ta n to n , S to k e -o n -T re n t.

W .R . 1922. W ig g le sw o rth  & C o m p an y , L im ite d
of Y . (S u b sc r ib in g  F irm ) ,  E n g in e e rs ,

C lu tc h  W o rk s , S h ip ley , Y o rk s .
—  1919. W ild , M ., 29, B e a u c h a m p  A v e n u e ,

L e a m in g to n .
B . 1921. W ilk in so n , D ., 1 ,114, B r is to l  R o a d

S o u th , N o r th f ie ld , B irm in g h a m .
W .R . 1919. W ilk in so n , G. (E . & W . H a le y , L td .) ,
of Y . T h o rn to n  R o a d , B ra d fo rd .
L n cs . 1917. W ilk in so n , R .,  “  L y n d h u r s t ,” W a r-  

g ra v e  R o a d , N e w to n -le -W illo w s, 
L an cs.

B ’nch . of M EM B ER S.
E lection .
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Year
B ’neh. of M EM BERS.

E lection .

Sc. 1919. W illia m s , H ., c /o  J .  C o ch ran e , L td .,  
B a rrh e a d .

W . & 1924. W illia m s , R . G „  179, C ro g an  H ill,
M . B a r r y  D o ck .

V  . & 1916. W illia m s , W ., A le x a n d ra  B ra ss  F o u n d -
M. d ry , E a s t  D o ck , C ardiff.

N . 1913. W il lo tt ,  F . J . ,  17, P a r k  R o a d , C ly d ach - 
o n -T aw e , S w an sea  V a lley .

N . 1922. W ilso n , R . R ., “  C a n o n b u ry ,”  R o w 
la n d s  G ill, n r .  N ew c as tle -o n -T y n e .

Sc. 1906. W in te r to n , H .,  “ M o o rla n d s ,”  M iln- 
g a v ie , D u m b a r to n s h ire .

W .R . 1912. W ise , S. W ., 183, M o o rs id e  R o a d ,
of Y . E ec le sh ill, B ra d fo rd , Y o rk s .
B . 1925. W isem an , A lfred , L td .  (S u b sc rib in g

F irm ) , G lo v e r S tre e t ,  B irm in g h a m .
B . 1919. W o o d , D . H o w a rd  (C ap t.) , 7, A u g u s ta  

R o a d , M oseley , B irm in g h a m .
N . 1922. W o o d , E „  B .S c ., “  O v e r to u n ,”  20,

B e v e rley  R o a d , M o n k sea to n .
B . 1909. W o o d , E . J .  ( P a te n t  A x le b o x  a n d

F o u n d ry  C o m p an y , L im ite d ),W e d - 
n esfie ld  F o u n d ry ,W o lv e rh a m p to n .

B . 1923. W o o d v in e , G. R ., “  T h e  F i r s ,”  B ow - 
b r id g e , S lirew sb u ry .

B . 1914. W rig h t ,  E .  N . (L ife), O x fo rd  L o d g e , 
P e n n  F ie ld s , W o lv e rh a m p to n .

Sc. 1919. W v llie , W ., 66, T itc h f ie ld  S tre e t ,
K ilm a rn o c k , A yr.

L . 1925. Y a r  K h a n , M. M ., 102, B e u la h  H ill, 
U p p e r  N o rw o o d , L o n d o n , S .E .

L n cs . 1911. Y a te s  & T h o m , L im ite d , C a n a l E n g in 
e e r in g  W o rk s , B la c k b u rn .

N . 1914. Y o u n g , H . J . ,  F .I .C ., N o r th  E a s te r n  
M arin e  E n g in e e r in g  C o m p an y , 
L im ite d , W allsen d -o n -T y n e .
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ASSOCIATE MEMBERS.
Y e a r

J3’ncli. of
Election.

Sc. 1919. A ffleck, J . ,  21, O v e rd a le  A v e n u e ,
L an g s id e , G lasgow .

B . 1915. A ld r id g e , S ., 91, D a le  S tr e e t ,  W a ls a l l ,
Sc. 1918. A le x a n d e r , D ., 16, K e n n e d y  D r iv e ,

P a r t ic k ,  G lasgow .
B . 1925. A llen , W m ., C h u c k e ry  F o u n d ry ,  W a l

sa l l ,  S taffs.
L n cs . 1907. A n d re w , F . ,  347, B la c k b u rn  R o a d , 

D a rw e n , L an cs .
N . 1913. A rc h e r , T . M ., F e l l  H o lm e , M a rk e t 

L a n e , D u n s to n -o n -T y n e .
L . 1925. A rm ish a w , W . J . ,  44, C a n n o n  V iew , 

L e tc h w o r th ,  H e r ts .
Sc. 1920. A rm s tro n g , J o h n ,  31, U n io n  R o a d , 

C am elo n , F a lk irk .
Sc. 1920. A r n o t t ,  J . ,  A .I .C ., 14, P e rc y  S tre e t ,  

Ib ro x ,  G lasgow -
Sc. 1920. A r th u r ,  W m ., 226, M a in  S tr e e t ,

C am elo n , F a lk irk .
—  1919. A sh m o re , H .,  26, E lly s  R o a d , C o v e n 

t r y .
L n cs . 1916. A s h to n , F . ,  24, I sh e rw o o d  S tr e e t ,  

H e y w o o d , L an c s .
L ncs. 1918. A s h to n , L ., 59, S e y m o u r S tr e e t ,  R a d -  

cliffe, L an c s .
N . 1922. A sk ew , J a c o b , 26, G e n e ra l G ra h a m  

S tr e e t ,  S u n d e r la n d .
Lncs. 1923. A s ta l l  D ., 380, O ld h a m  R o a d , L im e- 

h u r s t ,  A s h to n -u n d e r-L y n e .
L. 1905. A s to n , D . A ., 36, B a s tw ic k  S tre e t ,

S t. L u k e ’s , L o n d o n , E .C .
L ncs. 1922. A tk in so n , A lb e r t ,  1, G u y  S tre e t ,

P a d ih a m , B u rn le y .
S. 1920. A tk in so n , A . A ., 24, W a th  R o a d ,

N e th e r  E d g e , S heffield .
S. 1916. A tk in so n , F . ,  T h o s . A n d re w s  & Co., 

L td . ,  Sheffield .
N . 1925. A tk in so n , G ., 10, Q u e en ’s D r iv e ,

W h it le y  B a y .
E .M . 1923. A u s tin , J .  T ., 24, D a n v e r s  R o a d , 

L e ice s te r .



S. 1920. A v ill, W m ., 44, A lb io n  R o a d , R o th e r 
h a m .

S. 1912. A y res , J .  A ., “  A ld b o u rn e ,”  E cc les- 
fie ld , Sheffield.

Sc. 1918. B aco n , A . H ., 228, S a ra c e n  S tre e t ,  
P o s s ilp a rk , G lasgow .

S. 1924. B aco n , P . ,  86, B rid g e  S tre e t ,  S w in to n , 
n r . R o th e rh a m .

S. 1909. B a ile y , P . T ., 17, H a llo w es L an e ,
D ro n iie ld , n r .  Sheffield.

Sc. 1916. B a in , W ., A rd m o re , B o n n y b rid g e ,
S c o tla n d .

N . 1918. B a irn s fa th e r ,  G eo., 182, S t. V in c e n t 
S tre e t ,  S o u th  Sh ie lds.

B . 1918. B a k e r , W ., 24, C h u rc h  H il l  R o a d ,
S to ck w e ll E n d ,  T e t te n h a ll ,  W o l
v e rh a m p to n .

L n cs . 1921. B a ll, G ., C h e e th am  F o ld , Gee C ross, 
H y d e , C hesh ire .

S. 1922. B a rk e r ,  A . G ., 28, V ic to r ia  R o a d ,
B a lb y , D o n c a s te r .

B . 1919. B a rk e r ,  S. B ., 34, D a rb y  R o a d , Coal- 
b ro o k d a le , S a lo p .

S. 1924. B a rk e r ,  W ., 136, N id d  R o a d , A tte r -  
c liffe, Sheffield .

N . 1922. B a rk e s , R . P . ,  23, T h o m a s  S tre e t ,  
E .E .  S u n d e rla n d .

S. 1913. B a m a b y ,  N . F . ( J o h n  B ro w n  & 
C o m p an y , L im ite d ) , S c u n th o rp e .

L n cs . 1910. B a rn e s , G ., 16, T re m e lle n  S tre e t,
A c c rin g to n .

L ncs. 1915. B a ro n , E .,  24, G rim sh aw  L an e ,
N e w to n  H e a th ,  M a n ch este r .

L . 1914. B a r r e t t ,  H . G.
L n cs . 1924. B a r r e t t ,  S ., 150, C h o rley  N ew  R o a d , 

H o rw ie h , n r .  B o lto n .
E .M . 1916. B a rr in g e r , E .  A ., 80, L a m b e r t  R o a d , 

N a rb o ro u g h  R o a d , L eiceste r.
L . 1911. B a tc h , J . ,  60, R o b e r ts o n  S tre e t,

Q u een  S tre e t ,  B a tte r s e a ,  S .W .
—  1920. B a te s , J .  E . ,  79, R a n so m e  R o a d ,

C o v e n try .
E .M . 1921. B a te s , T h o s. W m ,  25, M arcus S tre e t ,  

D e rb y .

B ’n ch . of A SSO CIA TE M E M B E R S.
E lection .
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B . 1904. B a th e r ,  H . K . (C h a m b e rla in  & H ill) ,  
C h u c k e ry  F o u n d ry ,  W a lsa ll.

S. 1920. B a t ty ,  F . ,  52, H a m p to n  R o a d , P i ts -  
m o o r , Sheffield .

L . 1921. B a x te r .  P e rc y , L ., 131, A m p th il l
A v e n u e , B e n o n i, T ra n s v a a l ,  S. 
A frica .

—  1911. B a y le s , R . (D o u g la s  & G ra n t ,  L im ite d ) ,  f
R a i th  E n g in e e r in g  W o rk s , D u n - 
n e e d a w , R a n g o o n , B u rm a h .

N . 1923. B e an , A . S ., B e re s fo rd  P a rk ,  S u n d e r 
lan d .

W .R . 1924. B e a n , E .,  8, T h e  H o llie s , S id m o u th  
of Y . . S t r e e t ,  H u ll .
L . 1925. B e a rd s h a w , A ., 50, J a c k m a n s  P la c e , 

L e tc h w o r th ,  H e r ts .
W .R . 1923. B e a u m o n t, G ., 25, O x le y  S tr e e t ,
of Y . P o n te f r a c t  L an e , L eed s.
E .M . 1919. B eck , H . J . ,  131, U p p e r  D a le  R o a d , 

D e rb y .
—  1921. B e c k e tt ,  J . ,  C o rn e r  A n d e rso n  S tr e e t

a n d  F o r e s t  R o a d , H u n ts v il le ,  
S y d n e y , N .S .W .

L n cs . 1921. B e e c ro f t, J . ,  53, C u lsh a w  S tre e t ,
F u lle d g e , B u rn le y .

S. 1920. B ee ley , W . H .,  C laren ce  L a n e  W o rk s , 
off E c c le sh a ll  R o a d , Sheffield .

—  1924. B e en y , H . H .,  57, B ra m b le  S tre e t ,
C o v e n try .

So. 1917. B e ll, J . ,  60, S t. E n o c h  S q u a re , G lasg o w .
L . 1923. B ell, J o h n ,  B .S c ., D e p t ,  E ,  H .M .S .

V e rn o n , P o r ts m o u th .
N . 1918. B e ll, R .,  12, A lb e r t  P la c e , W a s h in g to n  

S ta tio n , Co. D u rh a m .
Sc. 1910. B e ll, T ., 2, B e llfie ld  S tre e t ,  B a r rh e a d , 

G lasgow .
S. 1918. B e n n e t t ,  A . M ., 12, B r a n d o n  G ro v e , 

N e w to n  P a r k ,  L eed s.
W .R . 1912. B e rry ,  F . ,  125, W a tk in s o n  R o a d ,
of Y . I l l in g w o r th ,  H a lifa x .
L n cs . 1920. B e rry , J .  W ., 82, T w o  T ree s  L a n e , 

D e n to n , M a n c h e s te r .

Y ear
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L ucs. 1917. B e rry , R . I . ,  31, B u ry  R o a d , B arn- 
fo rd , R o e lid a le .

Sc. 1920. B in n ie , A lex ., 15, G oehrane  B u ild in g s , 
P le a san c e  S q u a re , F a lk irk .

N . 1919. B in n s , A . E .,  534, S h ie lds R o a d , N e w 
c as tle -o n -T y n e .

B . 1916. B irc h , H ., In g lew o o d , C h e ste r  R o a d , 
S tre e tle y , B irm in g h a m .

B . 1922. B ird , J .  B ., P la s -N e w y d d , S tre e tle y , 
n r .  B irm in g h a m .

Sc. 1919. B la c k , A ., 10, P r in c e  E d w a rd  S tre e t,  
C rossh ill, G lasgow .

E .M . 1921. B la c k h a m , E . L ., 44, M ay  S tre e t ,  
D e rb y .

E .M . 1920. B lac k w e ll, W m ., 36, A r th u r  S tre e t,  
L o u g h b o ro u g h .

Sc. 1910. B lack w o o d , R .,  “ K e n ilw o r th ,”  J o h n 
s to n e , G lasgow .

L . 1920. B lack w o o d , R . W ., “ R o th e s a y ,”  T h e  
A v en u e , E r i th .

E .M . 1919. B lad e s  C., T h e  V ines, W ard  ip  R o a d , 
S y s to n , L e ice s te r .

W .R . 1922. B la k e y , W m ., 15, K ir k b u m  P la ce ,
of Y . S t. M a rg a re t’s R o a d , B ra d fo rd .
N . 1920. B len k in so p , S. D ., H illc ro f t ,  H ig h  F e ll, 

G a te sh ea d -o n -T y n e .
E .M . 1924. B lo o r, F . A ., “  In g le m e re ,”  S te n so n  

R o a d , D e rb y .
N . 1919. B ly th e ,  J .  D ., 6, C h u rc h ill R o a d ,

W illin g to n -o n -T y n e .
B . 1925. B o d e , C., 14, F a r m  R o a d , S p a rk b ro o k , 

B irm in g h a m .
S. 1915. B o o k e r, H . H ., 153, A lb e r t  R o a d ,

H e e le y , Sheffield .
W .R . 1922. B o o th , G. E .,  80, I n s t i tu te  R o a d ,
of Y . E cc le sh ill, B ra d fo rd , Y o rk s .
S. 1923. B o o th , J .  T ., “  E d e n d a le ,”  R in g w o o d  

R o a d , B rim in g to n , C hesterfield .
L n cs . 1924. B o o th , S ., 31, B irch e n lea  R o a d ,

H o llin w o o d , n r . O ld h am .
N . 1915. B o r t h w i c k ,  T ., C ro o k h a ll H o u se , L e a d  - 

g a te ,  Co. D u r h a m .
W .R . 1923. B o s to c k , S ., 15, H o lly  S tre e t ,  H em s-
of Y . w o r th , W ak efie ld .
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Sc. 1920. B o u n d , W . H .,  W h . E x .  A .M .I.
M e c h .E ., 12, D u f to n  R o a d ,
M id d le sb ro u g h .

L n es . 1921. B o w d en , J . ,  72, G ra n g e  R o a d ,  C h o rl- 
to n -c u m -H a rd y , M a n c h e s te r .

L . 1906. B o w m a n , A ., 37, C a rs h a lto n  R o a d ,
N o rw ich .

S. 1916. B ra d le y , H .,  94, A b b e y  L a n e , W o o d -
se a ts ,  Sheffield .

N . 1918. B ra d le y , J .  H .,  7, C ra w ley  R o a d ,
W a llse n d -o n -T y n e .

L n cs . 1922. B r a n d r e t t ,  T .,  35, R y a l l  S tre e t ,
R e g e n t  R o a d , S a lfo rd , M a n c h e s te r .

B . 1925. B ra d sh a w , J .  H . D ., 4, F o le y  S t r e e t ,
W e d n e s b u ry , S ta ffs .

N . 1921. B ra ss , A ., 44, H a y d n  T e rra c e , G a tes -
h e a d -o n -T y n e .

L n cs . 1921. B ra s s in g to n , H .,  16, E a s t  S tre e t ,
H o llin w o o d  Park-, S to c k p o r t.

L n cs . 1923. B re re to n , C. F . ,  c /o  M rs. O ld h a m , 
25, M a n c h e s te r  R o a d , C h o rlto n -  
c u m -H a rd y , M a n c h e s te r .

L n cs . 1917. B r ie r le y ,  A ., 21, M iln ro w  R o a d ;
R o c h d a le .

L n cs . 1923. B ro c k b a n k , A . H .,  3, H a w k e n s  S tre e t ,  
O ld  T ra f fo rd , M a n c h e s te r .

L . 1917. B ro o k fie ld , D ., 285, C a m d e n  R o a d , 
H o llo w a y , N .7 .

L n es . 1925. B ro u g h to n , H .,  5, N e w  Y o rk , D e a n e , 
B o lto n .

N . 1917. B ro w n , C. H y .,  57, W h ite h a l l  R o a d , 
G a te sh e a d -o n -T y n e .

L . 1917. B ro w n , E . H .,  91, D e v o n sh ire  R o a d , 
F o r e s t  H il l ,  S .E . 23.

L n cs . 1923. B ro w n , G . H . ,  3, J o h n s o n  S t r e e t ,  
O ld  T ra f fo rd , M a n c h e s te r .

L n cs . 1917. B ro w n , J . ,  298, M iln ro w  R o a d , R o c h 
d a le .

S. 1909. B ro w n , T . W ., 9, C o u p e  R o a d , 
B u rn g re a v e , Sheffield .

Sc. 1914. B ru c e , A ., 52, A sh le y  T e rra c e , E d in 
b u rg h .

Y ear
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N . 1920. B u c k h a m , G. H .. “  H a re w o o d ,”
G ran g e  R o a d , N ew c as tle -o n -T y n e . 

L n cs . 1915. B u leo ck , A ., 397, G o rto n  R o a d ,
R e d d is h , S to c k p o rt.

W .R . 1922. B u llo c k , H e rb e r t ,  
of Y .
B . 1925. B u llo w s , W . D ., S tilla ig , S tre e tle y ,

W  a r  w ick sliir  e .
N . 1920. B u rc h a m , J . ,  35, A lv e r th o rp e  S tre e t ,  

S o u th  Sh ie lds.
L . 1922. B u r n in g h a m ,E . F . ,  1,C am b rid g e  R o a d , 

S id c u p , K e n t .
S. 1924. B u rk in sh a w , J .  W ., 33, C a lv e r t

R o a d , Sheffield.
Sc. 1917. B u rn s , J .  K ., 77, S a n d y  R o a d , R e n 

frew .
W .R . 1921. B u tte r f ie ld , P . ,  10, E a s tf ie ld  P la ce , 
of Y . S u tto n -in -C ra v e n , K e ig h le y ,Y o rk s ,
L n cs . 1923. B u t te rw o r th ,  A. W ., 214, F re d e ric k  

S tre e t ,  W e rn e th , O ld h am .
L n cs . 1919. B u t te rw o r th ,  J . ,  40, C lem e n t’s R o y d s  

S tre e t ,  R o c h d a le .
W .R . 1921. B u t te rw o r th ,  J o h n ,  19, N e v ille  S tre e t ,  
of Y . C lare  M o u n t, H a lifa x .
L n cs . 1920. B u x te n , J . ,  68, L u k e  L an e , H u r s t ,  

A sh to n -u -L y n e .
S. 1924. C a lla g h an , G. M ., 51, F o lja m b e  R o a d , 

C hesterfie ld .
S. 1920. C am ero n , N ., C av en d ish  V illa s , D e v o n 

sh ire  R o a d , T o tle y  R ise , N r. 
Sheffield .

Sc. 1912. C am p b e ll, D . M cG regor, T o rw o o d
F o u n d ry , L a rb e r t .

L . 1914. C am p b e ll, J . ,  9, W e s te rn  G ard en s ,
E a lin g , W .

N . 1919- C am pbell, J .  A ., 12, D enw ick T errace, 
T ynem outh .

L n cs . 1918. C am p b e ll, W ., 12, D e n b e ig h  S tre e t ,  
S to c k p o r t.

L ncs 1925. C a rr, H ., 7, L o rd  S tre e t ,  S ta ly b r id g e .
L. 1921. C arre ll, H y . A lfred , 0 J , P e a b o d y

B u ild in g s , F a r r in g d o n  R o a d , E .C . 
• W .R . 1908. C a rric k , R .,  14, A v o n d a le  M o u n t,
of Y . S h ip ley , Y o rk s .
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L n cs. 1914. C a r te r , E .,  59, C hief S tre e t ,  O ld h a m .
W .R . 1923. C a rv e r , W ., 112, V a lle y  R o a d ,
of Y . P u d s e y , n e a r  L eed s.
L n cs . 1920. C a stle , S ., 68, U x b r id g e  S tre e t ,

A s h to n  -u n d e r-  L y n e .
L n cs . 1921. C a stree , R . J . ,  4, K irk g a te ,  B u rn le y .
W .R . 1922. C au se r, L . W ., 79, F i t z r o y  R o a d ,
of Y . B a rk e re n d  R o a d , B ra d fo rd .
S. 1925. C h a m b e rs , J .  F . ,  31, D u k e  S t r e e t ,  

S ta v e le y , C h esterfie ld .
W .R . 1922. C h ap p e lo w , T h o s ., 181, T a y lo r  S tr e e t ,
of Y . B a tle y , Y o rk s .
Sc. 1921. C h a r te rs , J . ,  12, W a lw o r th  T e r ra c e ,  

G lasgow .
S. 1911. C h o p e , H . F . ,  38, C h u rc h  S tr e e t ,  

Sheffield .
L n cs . 1921. C h ris tie , R . M ., 21, P e n d le  S t r e e t ,  

P a d ih a m , L an cs .
N . 1920. C lark , J .  W ., 133, S t. T h o m a s ’ T e rra c e , 

B la y d o n -o n -T y n e .
Sc. 1911. C la rk , R .,  34, M u n g a lh e a d  R o a d , F a l 

k irk .
L . 1923. C la rk , W ., 9, J u b i le e  R o a d , B a s in g 

s to k e .
E .M . 1919. C lark e , A. S ., L e ic e s te r  R o a d , L o u g h 

b o ro u g h .
N . 1912. C lark e , J . ,  D ro s to n , T a y p o r t ,  F ife .
N . 1920. C lem en ts , H . F . ,  14, R o s e b e r ry  C res

c e n t ,  J e s m o n d , N e w c as tle -o n -  
T y n e .

Sc. 1922. C lev erley , A .M ., B .S c ., 45, K ennard*  
S tre e t ,  F a lk irk ,  S c o tla n d .

L ncs. 1922. C lew o rth , A lf., 25, W a ln u t  S tre e t ,  
B o lto n .

L ncs. 1921. C o lem an , J .  I . ,  W e s t  D e n e , B ro o k ly n  
R o a d , W ilp sh ire , B la c k b u rn .

S. 1920. C oles, W . H .,  2 , G o r d o n 'A v e n u e .
W oodseat.s , Sheffield .

—  1919. C o lg rav e , W ., 13, W in d s o r  S tre e t ,
C o v e n try .

S. 1916. C ollins, B .L ., F o ld s  C re sc en t, A b b e y
L a n e , Sheffield .

Sc. 1920. C o lq u h o u n , J o h n ,  72, B a lm o ra l
A v e n u e , C a th c a r t ,  G lasgow .
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S. 1907. C ook, A. H ., W . C ook & Sons, L td . ,  
W a sh fo rd  R o a d , Sheffield.

E .M . 1916. C ook, F . ,  168, W o o d s L an e , D e rb y .
S. 1923. C ook, T „  39, U p p e r  A lb e rt  R o a d , 

M eersb ro o k , Sheffield.
S. 1914. C ook, W . G ., W a sh fo rd  R o a d , S h e f

field.
S. 1914. C ooper, J .  F . ,  176, A tte rc lif fe  R o a d , 

Sheffield .
L . 1925. C o oper, M. J . ,  48, E m p re ss  A v en u e , 

W o o d fo rd  G reen , E ssex .
H - 1915. C o oper, W ., 123, W y le y  R o a d ,

C o v e n try .
N . 1919. C o rb e tt ,  W . A ., “  D in g u a rd i,”  B u n g a 

low  19, H ig h  F a rm  E s ta te ,  W alls- 
en d -o n -T y n e .

S. 1914. C oupe , B ., 317, B e llh o u se  R o a d ,
S h ire g ree n , Sheffield.

Sc. 1919. C ree, A .,383, C a th c a r t  R o a d , G lasgow .
L . 1910. C ree, F . J . ,  F a i r  V iew , H u n t le y  G rove ,

P e te rb o ro u g h .
L n cs . 1910. C ritc h ley , F . ,  631, S t. H e len s  R o a d , 

B o lto n .
S. 1912. C ritc h ley , T ., 52, L im p sfie ld  R o a d ,

B r ig h ts id e , Sheffield.
S. 1916. C ro w th e r, A ., 5, S h a rro w  M o u n t,

P s a l te r  L a n e , Sheffield.
B . 1906. C u m o w , M. H ., 41, C e m e te ry  L an e , 

W e s t B ro m w ich .
S. 1914. C u rrie , J .  A ., R o se  C o tta g e , G rin d le- 

fo rd , Sheffield .
B . 1907. D a lry m p le , D ., 20, B eech es R o a d ,

W e s t B ro m w ich .
Sc. 1920. D a lry m p le , J . ,  B o n h a rd  M ill, L in l i th 

gow .
S. 1920. D a rb y , A ., 5, D o b b in  H ill,  G rey sto n es , 

Sheffield .
S 1909. D a r le y , F . ,  187, B u m g re a v e  R o a d ,

P itsm o o r , Sheffield.
S. 1915. D a rle y , G. F . ,  C aw w ood & Co., L td . ,  

W e s tg a te  F o u n d ry , R o th e rh a m .
E .M . 1923. D a r r in g to n , L . G ., 27, K in g s to n

A v en u e , H a lla m  F ie ld s , I lk e s to n .
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Sc. 1922. D a v id so n , W . B ., 18, H a y sw e ll  R o a d , 
A rb ro a th .

W . & 1924. D a v ie s , E .  H ., 224, C ard iff R o a d ,
M . A b e ra m a n .

B . 1925. D a v is , A ., 3/247, G t. R u s s e l l  S tr e e t ,  
B irm in g h a m .

L . 1916. D a v is , E .  J . ,  11, B e c la ir  S tre e t ,
B e lfa s t .

L n cs . 1923. D a v is , J . ,  56, O ld  R o a d , D u k in fie ld , 
C h esh ire .

L . 1914. D a v is , W . H .,  8 P y e  S tr e e t ,  P o r t s 
m o u th .

N . 1920. D a w so n , A . L . B ., 5, L e s b u ry  R o a d , 
H e a to n , N e w c as tle -o n -T y n e .

S. 1922. D a y , A . B ., 19, S c a rsd a le  R o a d ,
D ro n fie ld , n e a r  Sheffield .

L nos. 1925. D e a n , J . ,  48, N o r th g a te  R o a d , S to c k 
p o r t .

B . 1916. D e a n , S ., 14, D e n t  S tre e t ,  T am -
w o rth .

L n cs . 1924. D e e le y , P . ,  52, B ew sey  S tre e t ,  W a r 
r in g to n .

W . & 1924. D e itc h , A.
M.

L n cs . 1918. D e m a in e , F . C., 9, R is in g  L a n e ,
G a rd e n  S u b u rb , O ld h a m .

L n cs . 1922. D e m a in e  ( ju n .) ,  F .  C ., 9, R is in g  L a n e , 
G a rd e n  S u b u rb , O ld h a m .

W .R . 1922. D e rr in g to n , H . ,  6 , V ic to r ia  T e rra c e ,
of Y . H o p w o o d  L a n e , H a lifa x .
L . 1909. D e rry ,L . B ., 3, P r e s to n  R o a d , Y e o v il, 

S o m e rse t.
E .M . 1924. D e  V ille , J .  C ., 16, C o -o p e ra tiv e

S tre e t ,  D e rb y .
B . 1925. D e x te r ,  B . J . ,  80, N e w  R o w le y  S tr e e t ,

W a lsa ll .
S. 1915. D ic k in so n , J.* 49, Y a rb o ro ’ R o a d ,

L in co ln .
N . 1916. D ic k in so n , S ., 103, B e d e  S tre e t ,  R o k e r ,

S u n d e rla n d .
B . 1920. D ic k s , G. E .,  110, R ic h m o n d  H il l,

L a n g le y , n e a r  B irm in g h a m .
S. 1914. D ix o n , A . F . ,  16, B o ta n ic a l  R o a d ,

Sheffield .
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B . 1909. D o b so n , C., ‘ ‘ F a irv ie w ,”  H ills id e
R o a d , H ig h e r  T ra n m e re , B irk e n 
h e a d .

L . 1916. D o b so n , J . ,  25, P ix  R o a d , L e tc h -
w o r th .

B . 1909. D o b so n , J .  G ., 6 , D a n ie ls  R o a d , Id e a l  
V illag e , B o rd e sley  G reen , B i r 
m in g h a m .

N . 1924. D o d d s , J . ,  64, S co tsw ood  R o a d , S o u th  
B en w e ll, N e w c as tle -o n -T y n e .

L n cs . 1921. D o lp h in , J .  H .,  201, E s k r ic k  S tre e t ,  
H a lliw e ll, B o lto n .

W . & 1924. D o m v ille , S ., 301, R a ilw a y  S tre e t ,  
M. C ard iff.

Sc. 1919. D o n a ld so n , J .  W ., S c o t t ’s S h ip b u ild in g  
a n d  E n g in e e r in g  C o m p an y , L im i
te d ,  G reen o ck .

Sc. 1919. D o rs ie , J .  C ., M ap lew ood , K irk in 
t il lo c h .

N . 1921. D o w n in g , J .  R . ,  137, W in d so r  A v en u e , 
G a te sh ea d -o n -T y n e .

B . 1920. D u b b e r le y , F . ,  44, G re a t  A r th u r
S tre e t ,  S m e th w ic k , S taffs.

L n cs . 1925. D u c k w o rth , J .  A ., 42a, O rm ero d  
S tre e t ,  A c c rin g to n .

L n cs . 1924. D u d le y , f f m . ,  11, B a rlo w  S tre e t,  
L o w e r O p en sh aw , M a n ch este r .

Sc. 1917. D u n c a n , J . ,  78, Je llic o e  S tre e t ,  D al- 
m u ir .

L n cs . 1921. D u n k e r le y , J a m e s , 10, O ld  H a ll  
D riv e , G o rto n , M a n c h es te r .

L . 1920. D u n n , J .  W ., 5, C re ig h to n  A v e n u e , 
E a s t  H a m , E . 6.

S. 1925. D u n s ta n , C., 10, A d d iso n  R o a d , F ir th  
P a r k ,  Sheffield .

L n cs . 1913. E a s tw o o d , J .  H ., 31, S am u el S tre e t ,  
C a s tle to n , n r .  M an ch este r.

L . 1912. E c c o tt ,  A. E .,  T h e  E lm s , 68, S m ith ie s  
R o a d , P lu m s te a d , S .E .

N . 1923. E c k fo rd ,  J .  W ., 34, T y n e d a le  A v en u e , 
M o n k sea to n .

Sc. 1911. E d m is to n , M ., R o se  V a le , W in d so r  
R o a d , R e n frew .
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W .R . 1922. E d m o n d so n , J . ,  107, W o o d ro y d  R o a d ,
of Y . W e s t  B o w lin g , B ra d fo rd .
B . 1922. E d w a rd s ,  F . C., 32, Q u e e n ’s H e a d  

R o a d , H a n d s w o r th ,  B irm in g h a m .
N . 1920. E l l io t t ,  J .  V ., 17, O x fo rd  A v e n u e , 

S o u th  S h ie ld s .
E .M . 1909. E llso n , J . ,  M a n o r V iew , R ip le y , D e rb y .
—  1922. E ls to n ,  A lfred , 62, C ra v e n  S tre e t ,

C o v e n try .
S. 1924. E m m o t t , ' J . ,  33, B o w o o d  R o a d ,

Sheffield .
Sc. 1920. E rs k in e ,  N . A . W ., M o rto n  C o tta g e , 

C am elo n .
L n cs . 1924. E v a n s ,  H .,  93, S eco n d  A v e n u e , T ra f -  

fo rd  P a r k ,  M a n c h e s te r .
1920. E v e r e t t ,  A ., 28, M a y c o ck  R o a d ,

C o v e n try .
W .R . 1922. F a r r a r ,  L ev i, 22, S p rin g sw o o d  A v e .,
o f Y . S h ip ley , Y o rk s .
L n cs . 1919. F a r ro w , C., 84, L o u is a  S tre e t ,  O pen- 

sh a w , M a n c h e s te r .
L n cs . 1922. F a u lk n e r ,  T h o s ., 95, B a n k  S tre e t ,  

C la y to n , M a n c h e s te r .
L n cs . 1924. F e llin g h a m , T .  R .,  81, H e n sh a w

S tre e t ,  S t r e tfo rd ,  M a n c h e s te r .
L n cs . 1923. F e llo w s, F . ,  21, B r ig h t  S tr e e t ,  G o rto n , 

M a n c h e s te r .
L . 1924. F e n n , J .  H .,  25, F r a n c e m a r y  S tr e e t ,  

B ro c k le y , S .E .4 .
Sc. 1912. F e r l ie , T .,  S te e l a n d  I r o n  F o u n d e r ,  

A u c h te rm u c h ty ,  F ife sh ire .
W .R . 1922. F irm , P . ,  39, P a rso n a g e  R o a d , L a is te r-
o f Y . d y k e , B ra d fo rd .
Sc. 1910. F is h e r ,  A ., 20, D ru m c ro s s  R o a d ,

B a th g a te ,  G lasgow .
L n cs . 1922. F is t ,  T h o s ., 17, S t. A n n  S tr e e t ,  

B o lto n , L an c s .
L n cs . 1917. F i tz p a t r ic k ,  A ., 198, R o c h d a le  O ld  

R o a d , B u ry , L an cs .
N . 1922. F la c k , E . W ., 3. F a ls h a w  S t r e e t ,

W a s h in g to n  S ta t io n ,  Co. D u rh a m .
B. 1918. F la v e ll ,  W . J . ,  C a r te r ’s G reen  P a ssa g e , 

W e s t  B ro m w ich .
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L n cs. 1923. F l in t .  \Y. H .. 225, Peel G reen  R o a d , 
P a t r ic r o f t ,  M an ch este r.

L n cs . 1919. F l i tc ro f t ,  E .,  S choo l H il l  I ro n w o rk s , 
B o lto n .

E .M . 1925. F o o d , F . H ., 108, U p p e r  C o n d u it 
S tre e t ,  L e ice ste r.

N . 1912. F o rd ,  H . ,  14, O a k w e llg a te  C hare ,
G a te sh ea d -o n -T y n e .

W .R . 1922. F o r re s t ,  H ., 43, B e a u m o n t R o a d , 
of Y . M a n n in g h a m , B ra d fo rd .
W .R . 1924. F o s te r ,  H ., 10, H ig h fie ld  P la ce ,
of Y . B ra m le y , L eeds.
—  1924. F o th e r in g h a m , C., 5, R o w la n d

S tre e t ,  R u g b y .
L . 1912. F o w le r , T . E .,  72, S ta tio n  R o a d , Y ew  

S o u th g a te , N . l l .
—  1923. F o x , F . S ., 147, F o le sh ill R o a d ,

C oventry5'.
W .R . 1922. F o x , H e rb e r t ,  36, G ra n v ille  R o a d , 
of Y . F r iz in g h a ll ,  B ra d fo rd .
—  1909. F ra s e r ,  A ., 1, B rid g e  S tre e t ,  C h ilvers

C o to n , N u n e a to n .
L n cs . 1924. F r i th ,  W ., 8, B u c k le y  S tre e t ,  A sh to n  

N ew  R o a d , C lay to n , M a n ch este r . 
N . 1920. F u te r s ,  R . W in ., 107, S a n d w ic h  R o a d , 

S o u th  Sh ields.
E .M . 1925. G a le , B . ,  2 a , S ta n le y  S tr e e t ,  B lu e  

B e ll H i l l  R o a d , N o tt in g h a m .
B. 1910. G ale , W ., 36, S a lisb u ry  R o a d , W e s t 

B ro m w ich .
N . 1921. G a llo n , T h o s ., 57, J o s e p h  S tre e t ,  

N ew e a s tle  - on  - Tym e.
Sc. 1904. G a lt,  J . ,  H e n ry  & G a lt, S n e d d o n  

F o u n d ry ,  P a is ley .
L n cs . 1922. G a rs id e , A ., 142, A lb e rm a rle  T e rra ce , 

A sh to n -u n d e r-  Lym e.
B . 1920. G a u n t,  J .  W ., 101, B eech es R o a d , 

W e s t B ro m w ich .
Sc. 1922. G ib so n , J .  E .,  “  A rm o n t,”  F a lk irk .  
L n cs . 1923. G ilp in , W ., “  S u n n y s id e ,”  B irc h

G ro v e , R u sh o lm e , M an ch este r. 
E .M . 1924. G ilso n , A . J . ,  15, M arcu s S tre e t ,  

D e rb v .
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L ncs. 1922. G led h ill, P . ,  205, E ast. V iew , B ra d fo rd  
R o a d , B rig h o u se , Y o rk s .

B . 1917. G ly n n , T . A ., 07, G reen  L a n e , H a n d s -  
w o r th ,  B irm in g h a m .

W .R . 1922. Goff, R . M ., 78, L o w e r R u s l i to n  R o a d ,
of Y . T h o rn b u ry , B ra d fo rd .
L ncs. 1924. G o o d w in , G. W ., 1 1 , W y cliffe  R o a d , 

U rm s to n , M a n c h e s te r .
E .M . 1919. G o o d w in , T ., 210, P a r l ia m e n t  S tre e t ,  

D e rb y .
h i. 1922. G ospel, W ., 65, S e v e n th  A v e n u e ,

H e a to n , N e w e as tle -o n  -T y n e .
—- 1923. G oss, W ., I v y  C o tta g e , K in g  W illia m

S tre e t ,  C o v e n try .
—- 1919. G o u rd , C. D ., 25, S h a f te s b u ry  R o a d ,

E a r lsd o n , C o v e n try .
Sc. 1919. G ra h a m , R ., 116, S t r a t f o r d  S tre e t ,

M a ry h ill, G lasgow .
E .M . 1917. G ra n t ,  G eorge, 62, L e ic e s te r  R o a d , 

Q u o rn , n r .  L o u g h b o ro u g h .
Sc. 1912. G ra y , J . ,  2, S ta t io n  R o a d , D u m b a r to n .
S. 192’4. G reav es , .7., 5, W es t B a rs , C h este rfie ld .
S. 1919. G re av e s , J .  B ., 121, U p p e r th o rp e ,

Sheffield .
S. 1924. G reen , A ., 31, B ro o m  G ro v e , R o th e r 

h a m .
L n cs . 1924. G reen , A. E .,  66 , W o lse ley  R o a d ,  

P re s to n .
S. 1917. G reen , P . N ., B ro o k  H o u s e , E cc les- 

field , Sheffield .
S. 1914. G reen , P . ,  43, J e s s a m in e  R o a d , S h ire - 

g re en , Sheffield .
L n cs . 1920. G re e n h a lg h , W ., 86 , C ro sb y  R o a d , 

B o lto n .
L n cs . 1924. G reen w o o d , T ., 10 , W h ite  P l a t t s

S tre e t ,  T o d m o rd e n .
L. 1918. G re g o ry , E .,  16, M an sfie ld  R o a d ,

B e ec h  H il l,  L u to n .
E .M . 1924. G riffith s , S ., c /o  88, H a v e lo c k  R o a d , 

D e rb y .
L n cs . 1925. G riev e , J .  E .,  24, T in d a ll  S t r e e t ,  

R e d d is h , S to c k p o r t.
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L n cs . 1919. G rim w o o d , E . E . G ., 6, B a lm o ra l 
T e rra c e , G leb e lan d s  R o a d , A sh to n - 
o n -M ersey .

L n cs . 1921. G ru n d y , H . V ., 47, Mo re t  on  A v en u e , 
S tre tfo rd ,  M an ch este r.

L n cs . 1917. G ru n d y , J .  H .,  14, K in g  S tre e t ,  E a r ls -  
to w n , L an c s .

L . 1920. G u rn e y , S. J . ,  24, B u m s  R o a d ,
B a tte r s e a ,  S .W .

S. 1921. H a g o n , W m ., 35, S o u th g ro v e  R o a d , 
E cc le sa ll, Sheffield.

Sc. 1920. H a ig , J . ,  T a y lo r ’s B u ild in g , N o r th  
« M ain S tre e t ,  S te n h o u se m u ir .

Sc. 1920. H a ig , T .,  23, L iv in g s to n  T erra ce ,
L a rb e r t .

S. 1909. H a ll ,  E . D ., 31, B ro o m g ro v e  R o a d , 
Sheffield .

L . 1921. H a ll ,  G eo ., 125, B r u to n  R o a d , B rix - 
to n ,  S .W .9.

X . 1914. H a ll ,  J .  J . ,  C lyde  V a le , R o w la n d s
G ill, Co. D u rh a m .

E .M . 1925. H a lla m o re , J .  C ., O ak  F a rm , B u r to n  
R o a d , L it t le o v e r ,  n r .  D e rb y .

Sc. 1925. H a m il ,  W ., 50, W ood h e a d  A v en u e , 
K irk in ti l lo c h .

Sc. 1922. H a m il to n , W .
B . 1924. H a m m o n d , G . A ., 13c, H i l l  T o p ,

V e s t  B ro m w ich .
L .  1921. H a m m o n d , L .. 27, N o r th  W ay , N o r th  

H e a th ,  E r i th .
E .M . 1925. H a n c o c k . D ., 43, D re w ry  L an e ,

D e rb y .
L . 1918. H a n d .  H . E  , 189, M anw ood  R o a d ,

C ro fto n  P a r k ,  S .E .4 .
E .M . 1924. H a n so n , C. H .,  285, A b b e y  S tre e t ,  

D e rb y .
W . & 1924. H a rd in g ,' J .  W .. 14, W e lfo rd  S tre e t ,  

M . B a r ry .
L n cs . 1919. H a rg ra v e s , R . R .,  (G ra n d rid g e  a n d  

M an se rg h , L td .  ), V  h e a th i ll  S tre e t,  
S a lfo rd . M a n c h este r .

L n cs . 1911. H a rp e r ,  H . ,  28, A le x a n d ra  S tre e t ,  
C a s tle to n , n r .  M a n c h es te r .
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L . 1925. H a r r in g to n , W . T .,  21, V e rn o n  R o a d , 
S t r a tf o r d ,  L o n d o n , E .1 5 .

L n cs . 1922. H a r r is ,  F „  18, H o lla n d  S tr e e t ,  P a d i-  
h a m , L an c s .

E .M . 1923. H a r r is ,  F .  C ., 10, G re a t  C e n tra l  R o a d , 
L o u g h b o ro u g h .

N . 1921. H a r r is ,  G eo., C lev e lan d  A v e n u e , 
N o r th  S h ie ld s .

S. 1923. H a r r is o n , J o h n ,  10, S t. H e le n s  S tr e e t ,  
C h este rfie ld .

1919. H a r r is o n , J .  A ., 7, E d m u n d  R o a d , 
C o v e n try .

Sc. 1916. H a r ro w e r ,  J .  (B o ’n ess  I r o n  C o m p an y ), 
B o ’n ess, S c o tla n d .

L n cs . 1924. H a r t le y ,  R . ,  15, O x fo rd  R o a d , B o o tle , . 
L iv e rp o o l.

Sc. 1914. H a r t le y ,  R . F . ,  L o n d o n  R o a d  F o u n d ry ,  
E d in b u rg h .

L . 1922. H a rw o o d , J o h n  P . ,  112, N i th d a le
‘ R o a d , P lu m s te a d , S .E .

L n cs . 1922. H a s a n , M. A ., 459, C h e s te r  R o a d , 
O ld  T ra f fo rd , M a n c h e s te r .

L n cs . 1917. H a u g h ie , C. M ., 12, G ro sv en o r  S tre e t ,  
S t r e tfo rd ,  M a n c h es te r .

E .M . 1925. H a w le y , T . H ., 53, W illo w  B ro o k
R o a d , L e ice s te r .

Sc. 1910. H a y , J . ,  120, B ro w n s id e  R o a d , C am - 
b u s la n g , G lasgow .

B. 1910. H a y w a rd , G. T ., 8, T h e  L a u re ls ,
M a rro w a y  S tre e t ,  B irm in g h a m .

L n cs . 1923. H a y w a rd , R . ,  39, B e lg ra v e  R o a d , 
N ew  M o sto n , M a n c h e s te r ,

S. 1922. H a y w a rd , W m ., 6 , L it t le m o re  C res., 
N e w b o ld , C h esterfie ld .

N . 1922. H e a p , G. H ., 269, B e n sh a m  R o a d ,
G a te sh e a d -o n -T y n e .

B : 1906. H eg g ie , C ., 79 . H o lly  L a n e , E rd in g -
to n ,  B irm in g h a m .

L ncs. 1922. H e n d e rs o n , G ., 1120, E le v e n th  S tre e t ,  
T ra ffo rd  P a r k ,  M a n c h e s te r .

L . 1910. H e n d e rso n , G. B ., 23, C ollege R o a d , 
W o o ls to n , S o u th a m p to n .
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N . 1923. H e n d e rso n , J .  W ., c /o  S in g ap o re
H a rb o u r  B o a rd , K e p p e l  H a rb o u r .  
S in g a p o re , S tr a i ts  S e ttle m e n ts .

Sc 1911. H e n d e rso n , R .,  67, L ove  S t r e e t ,
P a is le y .

Sc. 1921. H e n ry , J o h n ,  75, A lm a  S tre e t ,  G ra- 
h a m s to n , F a lk irk .

L ncs. 1922. H e n sh a w , J .  E . ,  427, S to c k p o r t  R o a d , 
L o w er B re d b u ry , S to c k p o rt.

E .M . 1920. H e y , J a m e s  W m ., 43, H ow e S tre e t ,  
D e rb y .

L . 1922. H ib b e r t ,  J . ,  138, B u r l in g to n  R o a d , 
T h o rn to n  H e a th ,  C ro y d o n .

L . 1925. H ic k e n b o tto m , W . J . ,  50, W a te r lo o  
R o a d , D u n s ta b le .

L n cs . 1920. H ig g in b o tto m , J . ,  6 , J o h n  S tre e t ,  
H e y ro d , S ta ly b r id g e , L an cs.

L n cs . 1925. H ig g in s , J .  D ., 19, L y n to n  A v en u e , 
M a rla n d , R o c h d a le .

L n cs . 1915. H il l,  A ., 114, M id d le to n  R o a d , H ey - 
w o o d , L an cs .

L n cs . 1925. H il l,  H . G .. 109, P rin c ess  R o a d  M oss 
S id e  M a n c h es te r .

L n cs . 1921. H i l to n , F . ,  39. M a th e r  S tre e t ,  R a d -  
c liffe, M a n c h es te r .

E .M . 1917. H i l to n , H . J .  S ., 29, W e s t A v en u e , 
D e rb y .

L n cs . 1909. H il to n , T . G ., 171, R o se  H ill  R o a d , 
B u rn le y .

B . 1921. H in le y , G eo. H .,  53, P a r k  L an e  E a s t ,  
T ip to n , S ta ffs .

W .R . 1922. H ird ,  W „  10, L o n g  L a n e , H a rd e n ,
o f Y . B in g le y , Y o rk s .
B . 1913. H o lb e rry , F . ,  H e d le y  T e rra c e , L la n e lly , 

S. W ales .
—  1918. H o ld e r , F .  W ., 131, E a g le  S tre e t ,

C o v e n try .
S. 1920. H o lla n d , G . A ., P a te n  & C o., C h u rch  

L a n e , N o rw ich .
L n cs . 1922. H o lla n d , W ., 14, H ig h fie ld  R o a d ,

S tre tfo rd ,  M an ch este r .
B . 1917. H o llin sh e a d , A . E .,  68, K in g ’s R o a d , 

S ed g ley , D u d le y .
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L n cs . 1924. H o lt ,  A ., 41, C a rm e n  S tr e e t ,  A rd w ic k , 
M a n c h es te r .

B . 1917. H o m e r, W . C.. 51, L o d g e  R o a d , W e s t 
B ro m w ich .

B . 1924. H o p k in s , O. W ., 225, H o ly h e a d  R o a d , 
H a n d s w o r th ,  B irm in g h a m .

L n cs . 1921. H o p w o o d , W m ., 4, Off R e d h o u se  
L a n e , B re d b u ry , n r . S to c k p o r t.

L . 1921. H o tc h k is ,  J .  D ., 29, R o m b e rg  R o a d , 
L o n d o n , S .W . 17.

—  1922. H o u g h to n , J . ,  15, M ayfie ld  R o a d ,
C o v e n try .

L n cs . 1924. H o w a rd , E . J .  L ., 2, Q u een s T e rra c e , 
C laren ce  R o a d , R u sh o lm e , M a n 
c h e s te r .

L n cs . 1921. H o w c ro ft ,  J . ,  5, S t. J a m e s ’ S tre e t ,  
N ew  B u ry , F a rn w o r th ,  n r .  B o lto n .

W . & 1922. H o w e, C. A ., “  B r in te g ,”  P o n a l l ta
M. R o a d , Y s tr a d ,  G la m .

Sc. 1920. H o w ie , J . ,  B u rn s id e  C o tta g e s , D e n n y .
W .R . 1917. H o y , R . E .,  33, B ru n sw ic k  A v e n u e ,
of Y . B e v e r le y  R o a d , H u ll .
N . 1923. H u d s o n , F . ,  28, C u r tis  R o a d , F e n h a m , 

N e w c a s tle -o n -T y n e .
B . 1924. H u lse , J .  C ., 8, C ecil S tr e e t ,  W a lsa ll ,  

S taffs.
S. 1925. H u n t ,  A ., 18, H o llin g w o o d  C o m m o n , 

B a rro w  H ill,  n r .  C hesterfie ld .
Sc. 1923. H u n te r ,  R . L .,  N e w la n d s  H o u se ,

P o lm o n t, S tir lin g sh ire .
L n cs . 1914. H u r s t ,  S ., 1 S a in t  A n d re w s  S tre e t ,  

R a d c lif fe , L an c s .
L . 1922. H u s se lb u ry , E .,  147, M a rlb o ro u g h

R o a d , B e d fo rd .
N . 1918. H u tc h in s o n , S ., 4. G la d s to n e  T e rra c e , 

B ir tle y ,  Co. D u rh a m .
L . 1924. H u tc h in g s ,  T . C ., 10, L o p e n  R o a d , 

S ilv e r S tre e t ,  E d m o n to n , L o n d o n , 
N . 18.

B . 1925. H y d e , S id n e y , 25, In h e d g e , G o rn a l, 
n r .  D u d le y .

L n cs . 1917. In s k ip ,  A ., 992, A s h to n  O ld  R o a d , 
O p e n sh a w , M a n c h e s te r .
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Sc. 1920. I rv in e ,  A ., T h e  P o in t ,  N o r th  M ain  
S tre e t ,  S te n h o u se m u ir .

W .R . 1925. J a c k s o n ,  A ., 73, F i r s t  S tre e t ,  Low  
of Y . M oor, B ra d fo rd .
L n cs . 1917. J a c k s o n , H . G ., 1, B rie r le y  S tre e t,  

S ta ly b r id g e , L an cs.
L n cs . 1921. J a c k s o n , J . ,  25, C laran ce  S tre e t,

B u rn le y .
L n cs . 1920. J a c q u e s ,  J .  W ., 9, S ta n to n  S tre e t,  

C la y to n , M a n ch este r .
L n cs . 1923. J a c q u e s ,  T ., T h e  C o tta g e , H ill T o p , 

R o m ile y , n r . S to c k p o rt.
—  1909. J a c q u e s ,  W .,. 131, W y le y  R o a d ,

C o v e n try .
B . 1914. J a m e s , W ., 96, G rove  L an e , H a n d s -  

w o r th ,  B irm in g h a m .
L . 1925. J a r v i s ,  B ., 50, W en lo ck  S tre e t ,  L u to n , 

B eds.
N . 1919. J a y ,  H . C., 97, C a rd ig a n  T e rra c e , 

H e a to n , N ew c as tle -o n -T y n e .
N . 1921. J o b e s ,  G. B ., 18, S o u th  S tre e t ,

G a te sh ea d -o n -T y n e .
B . 1919. J o h n s o n ,  J .  B ., 27, B a ll F ie ld s , T ip to n . 
N . 1925. J o h n s o n , N ., 17, C h e ste r  R o a d , S u n 

d e r la n d , Co. D u rh a m .
B . 1924. J o h n s to n ,  W . L ., 49, G ou g h  R o a d , 

C oseley , n r .  B ils to n , S taffs.
L n c s .  1916. Jo n e s ,  J .' H .,  “  E lle ra y ,”  T em p le

D riv e , S w in to n , M a n ch este r .
L n cs . 1919. J o w e t t ,  H .,  53, T u rf  H ill R o a d , 

R o c h d a le .
—  1919. J u d d ,  G. H .,  8, L u d lo w  R o a d ,

C o v e n try .
L n cs . 1922. K a y , W m ., 9, E a s tb a n k  S tre e t ,  B o lto n , 

L an cs .
L n cs . 1924. K a y e , A ., 24, W ilso n  S tre e t ,  G orse 

H il l,  S tre tfo rd ,  M a n c h este r .
W .R . 1922. K a y e , H ., 6 , F ry e rg a te  T e rra c e , N ew  
of Y . S c a rb o ro ’, W akefie ld .
L ncs. 1907. K e m l o ,  R . W ., L i t t le to n  H o u se , A tk in 

so n  R o a d . A s h to n -o n -M e rs e y ,  
C hesh ire .

—  1921. K e m p , J .  A ., 1, F a ir f a x  S t r e e t ,
C o v e n try .
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B ’nc-h. of ASSOCIATE M EM BERS.
E lection .

Sc. 1912. K e n n e d y , J . ,  “  D u n a r d ,”  H o w ie sh ill, 
C a m b u s la n g .

N . 1921. K e n t ,  G eo. A ., 5, H ig h  W e s t  S tre e t ,  
G a te sh e a d -o n -T y n e .

E .M . 1918. K e rfo o t, J o h n ,  23, C u m b e r la n d  R o a d , 
L o u g h b o ro u g h .

Sc. 1914. K e r r ,  W ., 101, A rd g o w a n  S tre e t ,
G lasgow .

N . 1925. K irb y ,  A . D ., 6 , F a ls h a w  S tre e t ,  
W a s h in g to n  S ta tio n .

N . 1922. K irb y ,  J .  E . ,  31, L a b u rn u m  G a rd en s , 
M o n k to n , J a r ro w -o n -T y n e .

L n cs . 1924, K irk h a m , J . r 13, G t. J a m e s  S tre e t ,  
W . G o rto n , M a n c h es te r .

W .R . 1922. K irk b r id e ,  A . D ., 24, S p rin g sw o o d
of Y . A v e n u e , S h ip le y , B ra d fo rd ,  Y o rk s .
Sc. 1920. K irk w o o d , J . ,  102, B a lg ra y h ill  R o a d , 

S p r in g b u rn , G lasgow .
B . 1922. K itc h e n , B ., 1, H u g h e s  A v e n u e ,

B irc h e s  B a rn  R o a d , W o lv e r 
h a m p to n .

L . 1922. K lo u m a n , F .  A ., “  B e n g a r th ,”  H a re  
L a n e , C la y g a te , S u rre y .

—  1919. K ly v e r ,  F . D ., 45, F a r m a n  R o a d ,
C o v e n try .

S . 1908. K n o w le s ,J . ( c /o .  W a lk e r s ), M a n c h e s te r
R o a d , S to c k sb rid g e , Sheffield .

L. 1922. L a id lo w , W in ., 9, G riffin  R o a d , P lu m - 
s te a d ,  S .E .

L n cs . 1923. L a in g , J . ,  75, V ic to r ia  R o a d , B e d fo rd .
Sc. 1922. L an g , W m ., 5, T h ird  T e rra c e , R a d n o r  

P a r k ,  C ly d eb a n k .
Sc. 1907. L aw rie , A le x ., 40, G leb e  R o a d , K i l 

m a rn o c k .
Sc. 1919. L aw rie , R . D ., 23, F le m in g  S tre e t ,  

R ic c a r to n , K ilm a rn o c k .
S. 1920. L a y c o c k , E .,  54, P e t r e  S tre e t ,

Sheffield .
L n cs . 1917. L ea ch , R . ,  53, T o w er V iew , L o rd  

S tre e t ,  S ta ly b r id g e .
L n cs . 1914. L ea f, J .  W ., 20, C lo v e lly  S tre e t ,

N e w to w n , R o c h d a le .

Y ear



N . 1913. L ee , J . ,  38, P o in t  P le a s a n t  T e rra c e , 
W a llsen d -o n -T y n e .

—  1921. L eech , W m . C re ig h to n  (N .S .W . G ov.
R a ilw a y s ) , W e n tw o r th  a n d  R u t
led g e  S tre e t ,  E a s tw o o d . S v d n e v , 
N .S .W .

L n cs . 1907. L e ig h , A . P . ,  “ N e th e r la n d s ,”  U p p e r  
P a r k  R o a d , B ro u g h to n  P a r k ,  
M an c h este r .

—  1920. L en g d e n , W . A ., P lo m o n t, W o o d la n d
A v en u e , E a r lsd o n , C o v e n try .

S. 1920. L ew in , H .,  G ov. In s p e c to r  of C astin g s , 
K u l t i ,  E . I .  R ly .,  In d ia .

B . 1919. L ew is , D . ( J o h n  H a r p e r  & C o m p an y , 
L im ite d ) , A lb io n  W o rk s , W illen - 
h a ll ,  S taffs.

B . 1925. L ew is , E . J . .  61, C h u rc h  V a le , W es t 
B ro m w ich .

B . 1910. L ew is , G ., S tra th m o re ,  P a g e t  R o a d , 
W o lv e rh a m p to n .

L n cs . 1925. L in e k e r , A . W ., 23, T h ir lm e re  A v en u e , 
S tr e tfo rd ,  M a n c h este r .

—  1919. L in n e t t ,  A . T ., 4 , E a r ls d o n  A v en u e ,
C o v e n try .

L . 1919. L isb y , T ., 7, M ean ley  R o a d , M an o r 
P a r k ,  E .

N . 1919. L i t t le ,  J .  E .  O ., 83, R o th w e ll  R o a d , 
G o sfo rth , X ew cas tle -o n -T y n e .

Sc. 1910. L it t le jo h n , A .. 11, E sm o n d  S tre e t ,
Y o rk h ill, G lasgow .

L . 1922. L it t le to n ,  IV. H .,  29a , W a b e c k  R o a d , 
A n e rley , S .E .2 0 .

L n cs . 1921. L iv e se y , T .,  80, C h u rc h  S tre e t ,  L it t le  
L ev e r, n r .  B o lto n .

X . 1916. L o a d e r , W . S ., 282, S ta n h o p e  R o a d ,
S o u th  Sh ie lds.

L n cs . 1925. L o c k e tt ,  E . ,  38, J a c k s o n  S tre e t,
G o rto n , M a n c h es te r .

Sc. 1910. L o g an , J . ,  14, C hapelw ell S tre e t,
S a ltc o a ts , S c o tla n d .

L n cs . 1920. L o m a x , J . ,  51. T h ie k e tf ie ld  R o a d , 
B o lto n .

B . 1921. L ongd en , E d ., 80, R eg en t R oad ,
H and sw ortb , B irm ingham .
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Sc. 1922. L o n g d e n , J . ,  11, D ru m n y  R o a d , 
C ly d eb a n k .

W .R . 1922. L ow e, E .,  4, R o c k  S tr e e t ,  W o o d h o u se ,
of Y . K e ig h le y , Y o rk s .
L n cs . 1919. L u b y , W ., 10, E a s t  A v e n u e , B u m a g e , 

M a n c h es te r .
Sc. 1923. L u m le y , R . ,  G a rd e n  R o w , B o n n y - 

b rid g e .
L n cs . 1910. L u p to n  & S o n s , H . E .,  S ca ith c liffe  

W o rk s , A c c rin g to n .
S. 1913. M a c d o n a ld , W . A ., 219, R in g in g lo w  

R o a d , E cc le sa ll, Sheffield .
Sc. 1917. M acD o u g a ll, M iss E .,  22, C la re n d o n  

S tre e t ,  S t. G eo rg e ’s C ross, G lasgow .
B . 1908. M ace, C., 64, P o r t  S tre e t ,  M a n c h e s te r .
Sc. 1910. M a c fa rlan e , J . , 51, K in g s  P a r k  A v e n u e ,

C a th c a r t ,  G lasgow .
Sc. 1910. M a c k ay , G ., 103, G lasgow  R o a d ,

P a is le y .
S. 1916. M ack ley , A ., 151, M a lto n  S tr e e t ,

Sheffield .
L n cs . 1922. M a c la ch la n , J .  R .,  52, J a c k s o n  S tre e t ,  

S t r e tfo rd ,  M a n c h es te r .
L n cs . 1921. M a lle t t,  E .,  1152, C h o rley  O ld  R o a d , 

B o lto n .
N . 1924. M arch , T ., 25, C liffo rd  S tre e t ,  B lay - 

d o n -o n -T y n e .
B . 1909. M ark s, J . ,  73, C rossw ells R o a d , L a n g 

ley , B irm in g h a m .
L n cs . 1923. M arlow , E .,  97, R a ilw a y  R o a d ,

U rm s to n , M a n c h e s te r .
W .R . 1922. M arsd en , J .W .,2 0 , S te a d m a n  T e rra c e ,
of Y . B ra d fo rd , Y o rk s .
Sc. 1910. M a rsh a ll, G ., “  F e re n e z e ,”  R u sse ll 

S tre e t ,  B u m b a n k ,  L a n a rk s h ire .
L . 1922. M a rsh a ll, H . C ., 29, W e s tw a rd  R o a d ,

S. C h in g fo rd , E .4 .
Sc. 1920. M a rsh a ll, R .,  159, M u n g a lh e a d  R o a d ,  

F a lk irk .
Sc. 1913. M a rsh a ll, W ., W o o d la n d s  C o tta g e , * 

A rm a d a le , S c o tla n d .
S c. 1912. M a rsh a ll, W . G „  “  K y le a k in ,”  L a r k -  

h a ll ,  S c o t la n d .
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1924. M arso n , A ., 2, L in d sey  S tre e t ,  F ro d -  
in g h a n j, S c u n th o rp e , L incs.

L n cs . 1913. M a rs la n d , T ., 401, M a n c h es te r  R o a d , 
D ro y le sd en , M an ch este r.

W .R . 1922. M a r t in , ' F . ,  67, N ow ell T e rra c e ,
of Y . H a re h ills  L an e , L eeds.
B . 1919. M ason , T ., 29, O ld  P a r k  R o a d , K in g ’s 

H ill, W e d n e sb u ry .
L n cs . 1917. M a ste rs , J . ,  2 n d  17, C h e e th am  H ill  

R o a d , S ta ly b rid g e .
B . 1922. M aste rs , T . J . ,  12, G lo v e r S tre e t ,  

W e s t B ro m w ich .
B . 1909. M a th ew s, J . ,  20, E a r l  S tre e t ,  W alsa ll.
B . 1921. M a u b y , R . A ., H o p s to n e , B r id g n o r th ,

S a lo p .
L n cs . 1920. M ay o h , W „  90, M aslin  S tre e t ,  N e w 

to n , H y d e , C hesh ire.
N . 1919. M cB rid e , T . B ;, 3, K in g sle y  A v en u e , 

W h it le y  B ay .
Sc. 1910. M cC all, j / j . ,  162, C a m b rid g e  D riv e , 

N . K e lv in s id e , G lasgow .
S. 1922. M cC lea llan , C. J . ,  110, C a rv e r S tre e t ,  

Sheffield.
Sc. 1919. M cC onnell. W „  136, C arsa ig  D riv e , 

C ra ig to n , G lasgow .
Sc. 1925. M eC ulloch, W ., 174, N e w lan d s  R o a d , 

C a th c a r t ,  G lasgow .
L n cs . 1924. M c D e rm o tt,  J .  P . ,  118, B rie rs ill

A v en u e , R o c h d a le .
E .M . 1924. M cD o n a ld , D . M „ 45, S te n so n  R o a d , 

D e rb y .
Sc. 1913. M cD o n a ld , W . F . ,  5, H u tc h in s o n  

P la ce , C am b u s lan g .
Sc. 1911. M cE ach en , J . ,  R e g e n t  S tre e t ,  K ir k in 

tillo ch .
Sc. 1917. M c F a d z ea n , J . ,  29, F u l la r to n  S tre e t ,  

K ilm a rn o c k .
B . 1904. M c F a rlan e , T ., F a r m  R o a d , H o rse h a y , 

Sa lop .
S c . ' 1914. M cG av in , R ., 5, M cK enzie  A v e n u e , 

C ly d eb an k .
Sc. 1920. M cG o v an , A ., 69, B a ttle f ie ld  A v en u e , 

L an g sid e , G lasgow .
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Sc. 1910. M cG o w an , R . R .,  C o llis to n -b y -
A r b f o a th .

L n cs . 1923. M cK en zie , W m ., c /o  J .  H o d g k in so n -
L td . ,  F o r d  L a n e  W o rk s , P e n d le , 
to n ,  M an c h este r .

Sc. 1922. M c K in n o n , J .  C ., L ea s id e  C o tta g e ,
C o gan  S tre e t ,  B a rrh e a d .

Sc. 1910. Me L a c h la n , W ., 5, D a w so n  T e rra c e , 
C a rro n , F a lk irk .

N . 1922. M c L au g h lin , P .,  70, J o h n  S tre e t ,  B lay -  
d o n -o n -T y n e .

W . & 1925. M cL ean , J . ,  “ D o n e lla ,”  12, D in a s  
M. S tre e t ,  G ra n g e , C ard iff.

Sc. 1915. M cN ab , J . ,  B e lls  W y n d , F a lk ir k .
Sc. 1910. Me P h i e, H .,  40, P h i l ip  S tre e t ,  F a l 

k irk .
Sc. 1925. M cN iv en , A lex , 13, D a w so n  S tre e t ,  

F a lk irk .
B . 1910. M cQ ueen , D ., 6 , A n c h o ra g e  R o a d , 

E rd in g to n , B irm in g h a m .
L n cs . 1925. M ea d o w cro ft, H ., 14, W o rc e s te r  S tr e e t ,  

R o c h d a le .
Sc. 1914. M earn s , A ., 54, N a im  S tre e t ,  G lasg o w .
— 1921. M esto n , J .  M ., P r io r y  H o u se , P r io r y

S tre e t ,  C o v e n try .
S. 1913. M illa r, A ., 90, B a w try  R o a d , T in s le y , 

Sheffield .
1921. M ille r, G. A ., 68 , S t .  M a rg a re t’s R o a d ,  

C o v e n try .
Sc. 1912. M illig an , A ., 39, B a n k  S tre e t ,

G reen o ck .
S. 1918. M iln er, H .,  163, C ross H il l,  E cc le s -  

field , n r .  Sheffield .
W .R . 1923. M iln er, J .  W ., 29, W e lb e c k  S tre e t ,
of Y . S a n d a l, W ak e fie ld .
W .R . 1923. M itch e ll, G. W ., S ta ffo rd  C o tta g e ,
of Y . S. W e s th o rp e  R o a d , W ak e fie ld .
Se. 1920. M itch e ll, J . ,  12, G eo rg e  S tr e e t ,  B a r r 

h e a d , G lasgow .
W .R . 1923. M itch e ll, J . ,  16, P in c h e o n  S tre e t ,
of Y . W ak e fie ld .
Sc. 1922. M itra , S. B ., c /o  B e n g a l I r o n  C o., L td . ,  

K u l t i ,  E . I . R .,  In d ia .
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L ucs. 1918. M o ffa t, J . ,  12, D ry d e n  S tre e t ,  P a d i-  
h a rn , L ancs.

Sc. 1916. M oir, J .  D ., B o ’ness I ro n  C o m p an y , 
L td . ,  B o ’n ess, S c o tla n d .

B . 1916. M ole, T „  7, D e lv ille  R o a d , C h u rch  
H i l l ,  W e d n e sb u ry .

N . 1919. M o lin eu x , W . J . ,  N e w c as tle -o n -T y n e .
E .M . 1921. M oodie , C olin , 169, S ta tio n  R o a d , 

B e es to n , N o tts .
B . 1916. M oore, W . H ., D e v o n ia , M o a t R o a d , 

L a n g le y  G reen , B irm in g h a m .
N . 1920. M o o rh ead , H . A ., 22, M o o rlan d  C res

c e n t , W a lk e r  E s ta te ,  N e w cas tle .
Sc. 1909. M o reh ead , J .  S ., 98, W ilto n  S tr e e t ,  

K e lv in s id e , G lasgow .
B . 1919. M orew ood , J .  L ., 37, P a ig n to n  R o a d , 

R o t to n  P a rk ,  B irm in g h a m .
—  1920. M o rg an , B . S., B .S c ., A .I.C ., 42, P a rk

R o a d , R u g b y .
W . & 1922. M o rg an , W ., B ry n  D erw en , B ry n

M. T e rra c e , P o r th ,  G lam ., So. W ales .
—  1922. M orris , H . J . ,  N ew  S h o p , H e a th  R o a d ,

S w an  L a n e , C o v e n try .
S. 1924. M o rris , T . R ., 3, A lb e r t  S tre e t ,

M a sb o ro ’, R o th e rh a m .
L n cs . 1920. M o rriso n , H ., 88, C re te  S tre e t ,

O ld h am .
N . 1924. M u d ie , T .,  34, B eech  G rove , M onk- 

se a to n .
N . 1913. M u rra y , J . ,  5, E lm w o o d  A v en u e , 

W illin g to n  Q u ay -o n -T y n e .
S. 1914. N a y lo r , A ., 239, A b b ey fie ld  R o a d , 

P itsm o o r , Sheffield.
L n cs . 1915. N a y lo r , P . ,  26, N ow ell C rescen t,

H a re h il ls  L an e , L eeds.
L n cs . 1925. N e e d h a m , G. A ., 11, N e w b rid g e

L an e , S to c k p o r t.
N . 1914. N e k e rv is , J . ,  14, B ro u g h to n  R o a d , 

S o u th  Sh ields.
L n cs . 1920. N e w p o rt,  P . ,  1428, A sh to n  O ld  R o a d , 

H ig h e r  O p en sh aw , M an ch este r.
L ncs. 1912. N ich o lls , J . ,  146, H u lto n  S tre e t,

T ra f fo rd  R o a d , S a lfo rd .
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N . 1921. N ic h o lso n , J .  D ., 13, T a y lo r  S t r e e t ,  
S o u th  S h ie lds .

W .R . 1925. N e ild , G ., 3, B a d e n  T e rra c e , H o u g h
of Y . E n d ,  B ra m le y , L eed s.
Sc. 1918. N isb e t,  H . L ., L ily b u rn , H i l le n d  R o a d , 

L a m b h ill ,  G lasgow .
L n cs . 1920. N o b le , A ., 42, C e n tra l R o a d , G o r to n , 

M a n c h es te r .
L n c s . 1925. N o b le , H . ,  53, R o c k  S t r e e t ,  G ee C ross, 

H y d e ,  C h esh ire .
L n cs . 1924. N o b le , J . ,  53, R e d d is h  L a n e , G o r to n , 

M a n c h es te r .
L . 1921. N o rm a n , A . H ., 43, D m iv e g a n  R o a d , 

E l th a m ,  S .E .
B . 1924. N o r th c o t t ,  L ., T h e  D e n , H a le so w en , 

B irm in g h a m .
—  1921. N o w la n d , J .  E . ,  37, P ro v o s t  S t r e e t ,

H o lb e c k , L eed s.
N . 1918. O a k fo rd , E . F . ,  “ U p la n d s ,”  B ir t le y ,  

Co. D u rh a m .
S. 1921. Offiler, G ., 9, W a rd  P la ce , H ig h fie ld s , 

Sheffield .
L n cs . 1921. O ld h a m , H a r r y .
L n cs . 1920. O ld h a m , R .,  191, D ill H a l l  L a n e . 

C h u rch , L an cs.
L n cs . 1923. O ilie r, A . L ., 53, G orse  S tre e t ,  S t r e t 

fo rd , M a n c h es te r .
N . 1910. O lsen , W ., C o g an  S tre e t ,  H u ll .
Sc. 1920. O rm a n , W m ., 27, H a m il to n  S tre e t ,

C am elon .
L n cs . 1921. O rm e , R .,  31, S to c k p o r t  R o a d , H y d e , 

C hesh ire .
L n cs . 1921. O sb o rn e , W . H .,  51, H u f lin g  L a n e , 

B u rn le y .
S. 1924. O ’S h ea , D . B ., 98, B u m g re a v e  R o a d , 

Sheffield .
E .M . 1922. O ttew e ll, H ., T h e  M ead , S w an w ic k , 

A lfre to n , D e rb y .
B . 1922. O w en, A. C., 33, P a r k  S tre e t ,  M ad e ley , 

Sa lop .
L n cs . 1924. O w en, W ., 33, G ra n v ille  R o a d ,  G o r 

to n , M a n c h es te r .
S. 1914. O x ley , C., e /o  O x ley  B ro s ., L td . ,  

M o w b ra y  S t r e e t ,  Sheffield .
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L n cs. 1923. P a lm e r , T ., 5, M a rm ad u k e  S tre e t,
O ld liam .

B . 1924. P a lm e r ,  A ., 14, M a rsh  H ill,  S to c k la n d  
G reen , B irm in g h a m .

B . 1925. P a rk e s , I . ,  157, 'W h ite h a ll R o a d ,
G ree ts  G reen , W e s t B ro m w ich .

L . 1920. P a rn e ll ,  H ., “ F re d a  V illa ,”  25,
Q u een ’s R o a d , B u rn h a m  - on  - 
C rouch .

B . 1918. P a rso n s , A ., 32, C o rd ley  S tre e t ,  W e s t 
B ro m w ich .

Sc. 1914. P a tr ic k ,  A ., 65, M u n g a lh ea d  R o a d ,
F a lk irk .

N . 1921. P a t te r s o n ,  F . E .,  17, M a rin e r’s H o m es, 
T y n e m o u th .

Sc. 1916. P a u l ,  R . ,  1, B e llfie ld  S tr e e t ,  B a r r 
h e a d .

L . 1925. P a y to n ,  T . G ., 33, K in g  S tre e t ,  D u n 
s ta b le ,  B eds.

N . 1925. P e a rso n , C. E .,  2, P e a r l  S tre e t ,  S a lt-  
b u rn -b y -S e a .

E .M . 1906. P e m b e r to n , H ., 15, W o lfa  S tre e t,  
D e rb y .

L n cs . 1919. P e rk in s , F .  S ., 55, S lan ey  S tre e t,  
N e w c a s tle -u n d e r-L y m e , S taffs.

L n cs . 1914. P e v i t t ,  H y .,  75, O rfo rd  S tr e e t  (C en
t r a l ) ,  W a rr in g to n .

L n cs . 1922. P h illip s . A ., 48, H a r le y  R o a d , Sale, 
n e a r  M an c h este r .

—  1919. P h ip p s ,  H .,  93, R a g la n  S tre e t,
C o v e n try .

B . 1918. P ic k e n , J . ,  L ilac  C o tta g e , D oseley , 
D a w ley , Sa lop .

L . 1920. P ie rce , G. C., 11, A th e ln e y  S tre e t ,  
B e llin g h am , S .E .

L n cs . 1918. P o t t s ,  W ., 1, F a r  L an e , H y d e  R o a d , 
G o rto n , M an ch este r.

W .R . 1922. P o u l te r ,  H ., 4, B eech  G rove , U n d e r -
of Y . cliffe, B ra d fo rd , Y o rk s .
L n cs . 1922. P re s c o t t ,  J . ,  3, L o u isa  S tre e t ,  B o lto n , 

L an cs.
L n cs . 1922. P r ie s t le y ,  J o s .,  258, W a te r lo o  S tre e t ,  

B o l to n , L an cs.
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L n cs. 1922. P r ie s t le y ,  T h o s ., 185, K a y  S tre e t ,  
B o lto n , L an cs .

L . 1912. P r im ro se , H . S. (C am p b e ll & G ifford), 
17, V ic to r ia  S tre e t ,  S .W .l .

L n cs . 1912. P r im ro se , J .  S. G len  (R ic h a rd  J o h n s o n  
& N e p h ew , L td .) ,  B ra d fo rd  I r o n  
W o rk s , M a n c h e s te r .

B . 1909. P u g h , C. B ., R a m s e y  H o u s e , B escQ t, 
W a lsa ll.

S. 1917. P u g s le y , T . M ., c /o  P o s t  Office, 
V e re e n ig in g , T ra n s v a a l,  S o u th  
A frica .

\ \  . & 1924. R a b y ,  F . 119, D o d w o r th  R o a d ,
M. B a rn s le y .

L n cs . 1920. R a m s e y , W ., 9, C resw ic lt A v e n u e , 
R o se  H il l ,  B u rn le y .

Sc. 1904. R a n k in ,  R . L . (S h a rp  & C o m p an y ), 
L e n n o x  F o u n d ry ,  A le x a n d r ia ,  
S c o tla n d .

L . 1920. R a sb r id g e , W . J . ,  160, E v e ly n  S tr e e t ,  
D e p tfo rd ,  S .E .

L n cs . 1910. R a w lin so n , W ., “ F a i r h a v e n ,”  P o r t l a n d  
R o a d ,  E lle sm e re  P a r k ,  E cc le s , 
M a n c h e s te r .

L. 1917. R e a m a n , H „  13, A d e la id e  R o a d , 
B ro c k le y , S .E .4.

S. 1907. R e d m a y n e , L ., L i t t le  L o n d o n  R o a d , 
Sheffield .

N . 1921. R eece , D ., 24, F o r s te r  S tr e e t ,  G a tes - 
h e a d -o n -T y n e .

E .M . 1916. R effin , J .  J . ,  79, B a rc la y  S tre e t ,  F o sse  
R o a d  S o u th , L e ice s te r .

L ncs. 1907. R e y n o ld s , W ., 13, P a r k  V iew  T e rra c e , 
O ld h am .

W .R . 1922. R h o d e s , W ., 1, V e rn o n  P la c e , U n d e r-
of Y . cliffe, B ra d fo rd ,  Y o rk s .
S. 1922. R h o d e s , W m ., H a r t le y  B ro o k  L an e , 

E cc le sfie ld , n r . Sheffield .
W . & 1924. R ic h a rd so n , R . J . ,  L la n b le th ia n  H o u se ,

M . n r . C o w bridge .
N . 1912. R ic h a rd so n , W ., 204, S o u th  F re d e r ic k  

S tr e e t ,  S o u th  S h ie ld s .
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L. 1924. R ic h m a n , A. J . ,  “  S tr a th a v e n ,”  B ro o k s  
H a l l  R o a d , Ip sw ic h .

L n cs . 1911. R ile y , J . ,  3, G len  R o a d , O ld h am .
S. 1912. R o b e r ts ,  G. E .,  149, S h a rro w  V ale  

R o a d , Sheffield .
N . 1921. R o b e r ts o n , H ., 13, L e a m in g to n  S tre e t ,  

S u n d e rla n d .
Sc. 1920. R o b in so n , C. H ., 42, S m ith  S tre e t ,  

H il lh e a d , G lasgow .
L n cs . 1920. R o b in so n , F . ,  369, W ig a n  R o a d , 

D e a n e , B o lto n .
N . 1917. R o b in so n , J .  H .,  22, P a r k  P a ra d e , 

M il i t  ley  B a y .
W .R . 1922. R o b in so n , W . G ., 5, K esw ick  S tre e t ,
° f  Y . L a is te rd y k e , B ra d fo rd , Y o rk s .
N . 1919. R o b so n , F . ,  44, S ta n n in g to n  P la ce , 

H e a to n , N e w c as tle -o n -T y n e .
N . 1916. R o b so n , J . ,  21, G lebe  C rescen t, W a s h 

in g to n , Co. D u rh a m .
S. 1913. R o d g e rs , E . A ., 11, B o w o o d  R o a d , 

S h a rro w , Sheffield .
S. 1913. R o d g e rs , F . ,  B r ig h ts id e  F o u n d ry  

& E n g in e e r in g  C o ., L td . ,  W ic k e r  
Sheffield .

S. 1913. R o d g e rs , J .  R . R .,  362. F i r th  P a rk  
R o a d , Sheffield .

Sc. 1924. R o d g e rs , P . ,  J u b i le e  P la ce . B o n n y - 
b r id g e .

B . 1917. R o e , H . J . ,  33, H e r b e r t  R o a d , B e a r 
w o o d , B irm in g h a m .

E .M . 1913. R o e , J . ,  G lobe F o u n d ry , S to re s  R o a d , 
D e rb y .

—- 1920. R o g e rs , C. F . ,  28, M ay co ck  R o a d ,
C o v e n try .

Sc. 1922. R o ss , E . J . ,  12, A f to n  S tre e t ,  L an g - 
s id e , G lasgow .

L n cs . 1922. R o w e, F . W ., 41. M oorside  A v en u e , 
C ro s la n d  M oor, H u d d e rsfie ld .

E .M . 1924. R o w e ll, E . L ., 1, R a th b o n e  P la ce , 
M id d le  H il l ,  N o ttin g h a m .

W .R . 1922. R o w n tre e . F . ,  28, C am p b e ll S tre e t ,
o f Y . B o w lin g  B a c k  L a n e , B ra d fo rd ,

Y o rk s .
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N . 1925. R u tle d g e , W . B ., 61, N o r th  V iew , 
H e a to n , N e w c a s tle -o n -T y n e .

L n cs . 1924. R y d in g , F . ,  52, B a rn s le y  R o a d ,
W ig a n , L an cs .

L . 1913. S a m so n , A , 18, M a r t in  R o a d , Ip sw ic h .
S. 1913. S a m w o rth , E . A ., 14, H a m il to n  R o a d ,

F i r t h  P a r k ,  Sheffield .
L . 1923. S a n d e rs , H . H ,, 21, E th e r le y  R o a d , 

H a r r in g a y ,  N . 15.
B . 1921. S a n d e rs , H o ra c e  L ., 23 , A lf re d  S t r e e t ,  

W e s t  B ro m w ic h .
B . 1905. S a n d s , J . ,  27, V ic to r ia  S tre e t ,  W e s t  

B ro m w ich .
N . 1923. S a v a g e , R . ,  5, W in c h e s te r  T e rra c e , 

H e n d o n , S u n d e r la n d .
W .R . 1922. S a y e rs , H . ,  239, G o o d m a n  T e rra c e , 
of Y . H u n s le t ,  L eed s.
L n cs . 1924. S ch o les , W . H .,  15, H o p e  P a r k  R o a d , 

B e n t  H il l,  P re s tw ic h , M a n c h e s te r . 
Sc. 1923. S c o tt ,  C ., 7, L a  F ra n c e  A v e n u e ,

B lo o m fie ld , N e w  J e r s e y , U .S .A . 
N . 1916. S c o tt ,  G. W ., 1, N o r th u m b e r la n d

V illa s , W a llse n d -o n -T y n e .
N . 1921. S c o tt ,  H e n ry , B .3 3 F , A lb e r t  R o a d , 

B ir tle y ,  Co. D u rh a m .
N . 1918. S c o tt ,  W ., 7, L y n w o o d  A v e n u e , B la y -  

d o n -o n -T y n e .
L n cs . 1925. Self 11, C ro f t  S t r e e t ,  F a i ls w o r th ,  

M a n c h e s te r .
S. 1921. S en io r, G eorge, 305, U p p e r th o rp e  

S t r e e t ,  Sheffield .
L n cs . 1925. S e rv ice , J . ,  78, H ig h fie ld  R o a d ,

S e e d le y , M a n c h e s te r .
W .R . 1913. S h a c k le to n , H . R . ,  U p p e r  P e a r  T ree  
of Y . F a rm , H a in s w o r th  S h a y , K e ig h le y .
W .R . 1922. S h a c k le to n , S ., 22, T iv o li  P la c e ,
of Y . B ra d fo rd ,  Y o rk s .
W .R . 1922. S h aw , A ., 28, M a r lb o ro ’ R o a d ,
of Y . S h ip ley , B ra d fo rd .
L n cs . 1922. S h aw , S., 35, F ro g  L a n e , W ig a n , 

L an cs .
L n cs . 1911. S h aw cro ss , G .N ., M .B .E ., M .I .M e c h .E .

L a k e la n d s , H o rw ic h , L a n c s .

Y ear



B . 1924. S h e a rm a n , F . E .,  63, S u m m eriie ld
C re sc en t, B irm in g h a m .

—  1920. S h e p h a rd , H .,  6 , L y d g a te  K o a d ,
C o v e n try .

S. 1923. S h e r r a t t ,  W ., 39, H o m d e a n  R o a d ,
P its m o o r ,  Sheffield .

L . 1924. S h a w v e r , G. H ., 81, E d w a rd  S tre e t ,  
D e p tfo rd ,  S .E .8.

E .M . 1915. S h ie ld , F .  M ., 11, T h o re sb y  S tre e t ,  
G re en  L a n e , L e ice s te r .

B . 1925. S h o re , A . J . ,  “  B ra d d a ,”  B eech  L an e s , 
B irm in g h a m .

B . 1920. S h o rth o u se , W . H .. 60, E d w a rd  S tre e t ,  
W e s t B ro m w ich .

W . & 1925. S ilv e rw o o d , H . W m ., 320, N e w p o r t 
M . R o a d , C ard iff.

L n cs . 1922. S im k iss , H .,  28, E n e rg y  S tre e t ,  B ra d 
fo rd  R o a d , M a n c h este r .

S. 1917. S im p so n , C. D ., 17, W illis  R o a d ,
H illsB ro ’, Sheffield.

S. 1925. S im p so n , F .  A ., 110, E d w a rd  S tre e t .  
Sheffield .

B . 1914. S im p so n , H .,  G re e n h u rs t,  D o se ley ,
D a w le v , S a lo p .

W .R . 1925. S im p so n , J .  A ., 3, J e s m o n d  P la ce ,
of Y . H u n s le t  H a l l  R o a d , L eeds.
X . 1916. S in c la ir , J . ,  25, G ra n v ille  S tre e t ,  M ill- 

f ie ld , S u n d e rla n d .
L n cs . 1905. S k e lto n , H . S ., “  L in d s e y ,”  O ld

L a n e , E e c le s to n  P a r k ,  P re sc o t ,  
L an c s .

S. 1925. S k e rl , J .  G. A ., D e p t, of A p p lied
S cience, S t. G eo rg e’s S q u a re , 
Sheffield .

L . 1925. S k id m o re , B ., 2, J a c k m a n s  P la ce ,
L e tc h w o r th ,  H e r ts .

E .M . 1925. S la d e , R . H ., 254, S t. T h o m a s  R o a d , 
D e rb y .

L . 1911- S la te r , H . O ., “  S u n n y  H il l ,”  L essn ers  
P a r k ,  B e lv e d e re , K e n t .

L n cs . 1906. S m e th u rs t,  J .  H .. B rie ry  C ro ft, L odge  
L a n e , W a rr in g to n .

L n cs . 1925. S m ith ,  F „  85, G re e n b a n k  R o a d , 
R o c h d a le .
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—  ' 1919. S m ith , F . G ., 15, C h e rry  S tre e t ,
C o v e n try .

S. 1913. S m ith , J . ,  A b n e y  H o u s e , G le ad le ss  
R o a d , Sheffield .

So. 1921. S m ith , J . ,  6 , K e n n a r d  S tr e e t ,  F a lk ir k .
Sc. 1914. S m ith , J .  M ., 64, L e n n o x  A v e n u e , 

S c o ts to u n , G lasgow .
B . 1917. S m ith , S ., 240, B ro m fo rd  L a n e , W e s t 

B ro m w ich .
E .M . 1925. S m i th ,  W . F . ,  F i r e m a n ’s H o u se s , 

C o lom bo  S t . ,  D e rb y .
L n cs . 1909. S m ith , S. G ., 86 , B a r to n  R o a d , S t r e t 

fo rd , M a n c h e s te r .
L n cs . 1924. S m ith , W ., 358, H a l if a x  R o a d ,

T o d m o rd e n .
W .R . 1924. S m ith ,  W m ., 50, S h e tc liffe  L a n e ,
of Y . T o n g  S tre e t ,  B ra d fo rd ,  Y o rk s .
Sc. 1924. S n e d d o n , F .  M ., 28, F o r e s t  S tre e t ,  

M ile E n d ,  G lasgow .
L n cs . 1921. S p e n c e r, F . W ., 159, B rie rc liffe  R o a d , 

B u rn le y .
S. 1924. S o m erfie ld , H .,  43, F r ic k le y  R o a d , 

Sheffield .
L . 1904. S p e rr in g , B . F . ,  244, L a k e  R o a d , 

P o r ts m o u th .
Sc. 1920. S p i t ta l ,  J . ,  80, N o rh a m  S tre e t ,  S h aw - 

la n d s , G lasgow .
Sc. 1918. S ta rk ,  W . C., 37, S u m m e rto w n  R o a d , 

G o v an .
B . 1917. S ta r r ,  F .  G. S ., 128, S e lw y n  R o a d , 

R o t to n  P a r k ,  B irm in g h a m .
L n cs . 1917. S te a d , H ., 1 st 36, C h e e th a m  H il l  R o a d , 

S ta ly b r id g e .
S. 1914. S teg g les , A . L ., 28, D a ffo d il R o a d , 

S h ire g ree n , Sheffield .
B . 1914. S te p h e n , S. W . B ., T h e  W o o d la n d s , 

B eech  L an e s , B irm in g h a m .
W . & 1924. S te p h e n s , C. W ., E fa il  I s a f ,  n r .
M. P o n ty p r id d ,  M on.

L . 1921. S te v en s , W m ., “  N e w la n d ,”  C h u rc h  
R d . ,  R o d b o u rn e , C h en ey , S w in d o n .

L n cs . 1921. S te v e n so n , M ., 9, F o u n ta in s  A v e n u e , 
F irw o o d , B o lto n .

Sc. 1925. S tir lin g , E .,  Y o rk  P la ce , K irk in ti l lo c h .

B ’nch . »Yofa i A SSO C IA T E M E M B E R S .
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N . 1914. S to b b s , K ., 19 9 , S ta n h o p e  R o a d ,
S o u th  Shields.

S. 1919. S to c k e r, W . E „  109, E lle sm ere  R o a d , 
P itsm o o r , Sheffield.

L . 1915. S to n e , E . G ., 20, C a u tle y  A v en u e , 
C lap h a m  C om m on, S .W .

L n cs . 1920. S to re r , W . H ., 255, S e ttle  S tre e t,  
G re a t L ev e r, B o lto n .

L . 1922. S u m m ers , H . G., 35, P e r ry  H ill, 
C a tfo rd , S .E .6 .

L n cs  1910. S u tc liffe , A ., 1 , F irw o o d  G rove , T on g e  
M oor, B o lto n .

W .R . 1922. S u tc liffe , A ., 44, F e m e y  L ee R o a d ,
°* a . T o d m o rd e n , Y o rk s .
L n cs . 1919. S u tc liffe , W ., 3, B irk d a le  R o a d ,

R o c h d a le .
L n cs . 1923. S w an n , H ., 31, A le x a n d ra  R o a d , 

P a tr ic ro f t ,  M an ch este r.
W .R . 1922. S w an n , H ., 5, H ey w o o d  S tre e t ,  G re a t
° f  Y . H o r to n , B ra d fo rd .
N . 1922. T a i t ,  A. H ., A rm a g h  H o u se , W allsen d - 

o n -T y n e .
S. 1913. T a i t ,  E .,  B r ig h ts id e  F o u n d ry  & E n g i

n e e r in g  C o m p an y , L im ite d , 
Sheffield.

L n cs . 1922. T a te ,  C. M „ B ro o k  R o y d , T o d 
m o rd e n  R o a d , B u rn ley .

1906. T a y lo r , A. (F ie ld in g  & P la t t ,  L im ite d ) , 
A tla s  I ro n w o rk s , G lou ces te r.

B . 1925. T a y lo r , A ., T h e  W illow s, G ip sy  L an e , 
W illen h a ll.

—  1920. T a y lo r , E .,  19, S ta tio n  S tre e t,  W e s t
C o v e n try .

B . 1925. T a y lo r ,  E .' R . ,  148, S o u th  R o a d , 
H a n d s w o r th ,  B irm in g h a m .

W . & 1905. T a y lo r , F .  (T ay lo r & Sons, L im ite d ) , 
M. B r i to n fe r ry ,  S o u th  W ales.

L ncs. 1921. T a y lo r , H .,  16, W e s t S tre e t ,  D u k in -  
field  M an ch este r.

L n cs . 1921. T a y lo r , J a m e s , 3, T rem e llen  S tre e t,  
A ccrin g to n .

L . 1925. T ea sd a le , I . ,  H o m e la n d , N o r to n  
V illage , L e tc h w o rth .
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N . 1921. T e m p le , G. T ., 35, G ro sv e n o r  D r iv e ,  
W h it le y  B ay .

L n cs . 1922. T h a tc h e r ,  E . H ., “  T ro s t r e y ,”  W ra x a ll ,  
S o m e rse t.

N . 1924. T h o m , J . ,  485, S h ie ld s R o a d , W a lk e r-  
g a te ,  N e w c a s tle -o n -T y n e .

L . 1909. T h o m a s , E .,  41, K in g sh il l  R o a d ,
S w in d o n .

W .R . 1922. T h o m p so n , E .,  T e r r y b u r g  S tr e e t ,
of Y . L ee d s  R o a d ,  B ra d fo rd .
S. 1921. T h o m so n , T h o s . R .,  8, C lif to n  D a le ,

Y ork.
Sc. 1925. T h o m so n , D . B ., 149, G re a t  H a m il to n  

S tre e t ,  G lasg o w  E a s t .
S. 1923. T h o rn to n , A . E .,  34, H a m p to n  R o a d , 

P its m o o r ,  Sheffield .
L n cs . 1911. T im m in s , A . E .,  133, R o o se  R o a d , 

B a rro w  -in - F  u rn ess .
L n cs . 1924. T im p e rle y , T .,  30, V e n tn o r  R o a d , 

H e a to n  M oor, S to c k p o r t.
Sc. 1925. T o n a g h , C has., 70, S te v e n so n  S tre e t ,  

C a lto n , G lasgow .
L n cs . 1919. T o p lis , H .,  H a n s  R e n o ld , L im ite d , 

B u m a g e  W o rk s , D id sb u ry , M a n 
c h es te r .

L n cs . 1914. T o p p in g , G ., 17, B e b b in g to n  S tre e t ,  
C la y to n , M a n c h es te r .

B . 1909. T o y , J .  H .,  374, B e a rw o o d  R o a d ,
S m e th w ic k , S taffs.

Sc. 1920. T ra p p , P .,  K iln s id e  C o tta g e , P a lk ir k .
E .M . 1924. T u n n ic liffe , P .  J . ,  9, A u g u s ta  S tre e t ,

D e rb y .
Sc. 1923. T u rn b u ll ,  A lex . W ., P r im ro se  C o tta g e , 

B o n n y  b r id g e .
S. 1918. T u rn e r ,  W ., 90, E d g e d a le  R o a d ,

Sheffield .
—  1923. T w ig g er, T . R .,  P o s t  Office, B u b b e n -

h a ll ,  n r .  K e n ilw o r th .
L . 1925. U n d e rw o o d , W . G ., 9, S ea rs  S tre e t ,  N e w  

C h u rc h  R o a d , C a m b e rw e ll, S .E .5 .
Sc. 1920. U re , R .,  S te n h o u se  H o u se , C a rro n , 

F a lk irk .
E .M . 1921. V a u g h a n , B e n j. H ., 25, H o lm es  S tr e e t ,  

D e rb y .
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B . 1917. V a u g h a n , G. A ., 15, G reen  S tre e t ,  
W e s t  B ro m w ich .

L n cs . 1921. V e rn o n , G. W ., 11, A shfie ld  R o a d , 
B u rn ley .

N . 1914. W a in fo rd , E . H ., H ig h  R o w , G a in fo rd , 
D a r lin g to n .

L n cs . 1925. W a lk e r ,  A ., 119, R o b e r t  S tre e t ,
N e w to n  H e a th ,  M a n c h es te r .

S. 1921. W a lk e r , A lex . W ., 129, H o n e y su c k le
R o a d , S h ireg reen , Sheffield.

L . 1911. W a lk e r , C. E ., 42, W in d so r  S tre e t ,  
W o lv e rto n , B u cks.

Sc. 1920. W a lk e r , D ., 5, N ew  H o u ses , A n d e rso n  
S tre e t ,  B o n n y b rid g e .

L. 1922. W a lk e r , P . D ., 153, G reen.vale R o a d , 
E lth a m , S .E .

Sc. 1920. W a lk e r , G ., 21, N a p ie r  P la ce , B a in s- 
fo rd , F a lk irk .

E .M . 1920. W a lk e r , Geo. H ., 2, C am p  S tre e t ,
D e rb y .

Sc. 1920. W a lk e r , J o h n ,  130, W a lla c e  S tre e t ,  
F a lk irk .

Sc. 1920. W a lk e r , W m ., G o w an lea  C o ttag es,
A n d e rso n  S tre e t ,  B o n n y b rid g e ,
F a lk irk .

B . 1910. W all, J . ,  15, F la v e l l  S t r e e t ,  W o o d
S e t to n ,  n r .  D u d le y .

L n c s . 1915. W a llw o rk , R . N ., 9, B irc h  V ale  D riv e , 
R o m ile y , S to c k p o rt.

E .M . 1924. W a rd , J .  C., 56, D a n v e rs  R o a d , 
L e ice s te r .

—  1919. W a re h a m , H ., 37, B ro a d w a y , C o v en 
t ry .

L . 1919. W are s , F .  J . ,  216, C rom w ell R o a d , 
P e te rb o ro u g h .

E .M . 1925. W a rn e r  A m os, 252, T h o m a s R o a d , 
D e rb y .

S. 1911. W a s te n e y , J . ,  V u lc an  F o u n d ry , E ck -
in g to n , n r .  C hesterfie ld .

  1914. W a tso n , R ., S ax illey  H o u se , 49,
Y o rk  S tre e t ,  R u g b y .

Sc. 1919. W a t t ,  R .,  E tn a  I ro n w o rk s , F a lk irk .
Sc. 1920. W a u g h , W m ., 21, D u n d a s  C rescen t,

L a u r ie s to n , F a lk irk .
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N. 1921. W e a th e rs , J .  H ., 76, S ta n to n  S tre e t ,  
N e w c as tle -o n -T y n e .

B . 1923. W eb b , A . W . J . ,  1, S id n e y  S tre e t ,  
G lo u c es te r .

E .M . 1921. W e b b , E r n e s t  A lfred , 109, W arw ic k  
S tr e e t ,  L e ic e s te r .

S. 1909. W e b s te r , C ., 34, M ilto n  R o a d , R o th e r 
h a m .

W .R . 1922. W e s t, W ., 32, O ak fie ld  R o a d , H a n 
o i Y . n in g h a m , B ra d fo rd .
B . 1911. W es tw o o d , J .  H .,1 6 3 , S t .P a u l ’s R o a d , 

S m e th w ic k , S ta ffs.
L n cs . 1925. W h a r to n , L .,  11, A le x a n d ra  S tre e t ,  

H e y w o o d , L an c s .
W .R . 1913. W h ita k e r ,  E . ,  145, S t .  E n o c h  R o a d , 
o f Y . W ib se y , B ra d fo rd .
L n cs . 1919. W h ite le y , B .,  T h e  M o o rla n d s , T in t-  

w is tle , H a d fie ld , n r .  M a n c h e s te r . 
B . 1904. W h itf ie ld , C. O ., K in g ’s R o a d , T y se le y , 

B irm in g h a m .
L. 1911. W h itin g , A ., B ry n b e lla ,  P e m b ro k e

R o a d , E r i th ,  K e n t .
L . 1924. W h itin g , A . F . ,  56, B a t t l e  R o a d ,

E r i th ,  K e n t .
L n cs . 1922. W h it t le ,  H a r r y ,  94, B rid g e fie ld  S tre e t ,  

R ad c liffe , M a n c h es te r .
L n cs . 1919. W h it t le ,  P . ,  50, V ic to ry  R o a d , L i t t le  

L ev e r , B o lto n .
—  1919. W h itw o r th ,  E .,  274, M u n itio n  C o tta g e s ,

H o lb ro o k ’s L a n e , C o v e n try .
S. 1925. W ild , A. J . ,  M id la n d  B ra s s  F o u n d ry ,  

A tte rc lif fe , Sheffield .
B. 1920. W ilk in s , A. J .  R „  149, T o ll E n d  R o a d , 

O ck er H il l ,  T ip to n .
N . 1910. W ilk in so n , T ., S to c k to n  S tr e e t ,  M id 

d le sb ro u g h .
S. 1919. W illia m s , A ., 31, B u rn g re a v e  B a n k , 

Sheffield .
—  1919. W illia m s , A . M o rg an -, 43, Q u e e n ’s

R o a d , C o v e n try .
—  1923. W illiam s, B . E .,  “  A ld e rn e y ,”  C rick

R o a d ,  H il lm o r to n ,  R u g b y .
L n c s . 1925. W illia m s , O ., 6 , M oss R o a d , S t r e tfo rd ,  

M a n c h e s te r .
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1923. W illia m s , K ., 166, C ross R o a d , F o ies- 
h i ll ,  C o v e n try .

Sc. 1911. W illiam so n , H ., 3, N a in  S tre e t ,  D al- 
m u ir .

Sc. 1920. W illia m so n , J . ,  I l l ,  S tir lin g  S tre e t ,  
D e n n y , S tir lin g sh ire .

L . 1920. W illsh e r , W . H ., “  B re y d o n ,”  O ak- 
h i l l  G a rd en s , WTo o d fo rd  G reen , 
L o n d o n , E .18 .

L n cs . 1919. W ilso n , A . E .,  84, D e w h u rs t R o a d , 
S y k e , R o c h d a le .

N . 1912. W ilso n , F . P . ,  P a r k h u r s t ,  M id d les
b ro u g h .

W .R . 1923. W ilso n , H . T ., 34a, C o m m erc ia l S tre e t ,
of Y . T h o rn e s  L an e , W akefie ld .
L n cs . 1904. W ilso n , W . R ., 15, S ack v ille  S tre e t,  

L iv e rp o o l.
E .M . 1921. W in fie ld , F . ,  “  A m b les id e ,”  O sm a s to n  

P a r k  R o a d , D e rb y .
Sc. 1924. W in te r to n , H . T ., “ M o o rla n d s ,” M iln- 

g a v ie , D u m b a r to n s h ire .
B . 1924. W isem an , A. A ., 7, D a n k s  S tre e t,  

T iv id a le , T ip to n .
L n cs . 1912. W o ls te n h o lm e , J . ,  I l l ,  C a rlto n  T e r 

ra ce , B u ry , a n d  B o lto n  R o a d , 
R a d c liffe , M an ch este r .

B . 1922. W o o d , A ., 30, T o ll E n d  R o a d , T o ll 
E n d ,  T ip to n ,  S ta ffs .

E .M . 1921. W o o d , J a m e s  FI., 18, A lc es te r  R o a d , 
Sheffield .

W .R . 1922. W o o d , J o h n ,  6 , H u d sw e ll S tre e t ,
of Y . S a n d a l, W ak efie ld .
E .M . 1914. W o rc e s te r , A. S ., 27, K e y th o rp e

S tre e t ,  L e ice s te r .
L n cs . 1917. W o rra ll,  J .  N ., 77, A n sd e ll R o a d , 

T u rf  H il l,  R o c h d a le .
N . 1922. W o r th ,  J .  Wr., 18, T y n e m o u th  R o a d .

H e a to n , N ew c as tle -o n -T y n e .
W .R . 1923. W rig h t ,  L . L ., 168, O x fo rd  R o a d .
of Y . G o m ersa ll, n e a r  L eeds.
Sc. 1913. W rig h t ,  W ., B u m b a n k  F o u n d ry , 

F a lk irk .

Y ear
B ’nch . of A SSO C IA TE M EM B ER S.

E lection .



890

L n cs. 1924. W y lie , J .  F . ,  20 6 , S to c k p o r t  R o a d ,  
B re d b u ry , S to c k p o r t .

L n cs . 1925. Y a te s ,  J . ,  70, V ic to ry  R o a d , L i t t le  
L ev e r , n e a r  B o lto n .

L n es . 1924. Y e o m an , R o b e r t ,  18, L o rd  S tre e t ,
S to c k p o r t.

Sc. 1919. Y o u n g , J . ,  45, C o ch ran e  S tre e t ,
P a is le y .

N . 1921. Y o u n g , J a m e s , 72, C a rlis le  S tre e t ,
F e llin g -o n -T y n e .

B ’nch . 1 of11 A SSO CIA TE M EM B ER S.
E lection .

ASSOCIATES.
Y ear

B ’nch. of
Election.

N . 1925. A d a m s, F . ,  98, A v o n d a le  R o a d ,
B y k e r , N e w c as tle .

N . 1923. A llco ck , H ., 164, H . S. E d w a rd s
S tre e t ,  S o u th  S h ie ld s .

B . 1925. A n d re w s , E .,  214, H ig h fie ld  R o a d ,
S a ltle y , B irm in g h a m .

Sc. 1925. A rn o t t ,  J . ,  14, P e rc y  S tre e t ,  Ib ro x ,  
G lasgow .

B . 1912. A ttw o o d , E .,  42, P r io ry  V illa s , H az le -
b e a c h  R o a d , S a ltle y , B irm in g 
h a m .

S. 1920. A y res , S id n ey , 299, B e llh o u se  R o a d , 
S h ire g ree n , Sheffield .

N . 1920. B a n k s , V . L .. S t.  C u th b e r t ’s V ic a ra g e , 
N e w c as tle -o n -T y n e .

L n cs . 1924. B e a t t ie ,  W . J . ,  B ro o k fie ld , B e n t
L a n e s , D a v y h u lm e , n r .  M a n 
c h es te r .

L n cs . 1925. B e ck e r , M. L ., 15, U p p e r  L lo y d  
S tre e t ,  M a n c h e s te r .

N . 1921. B e n th a m , J .  W ., 9. C u m b e r la n d  S tre e t ,  
G a te sh e a d -o n -T y n e .

N . 1924. B e th a m , W . S ., 9, S o u th  F re d e r ic k  
S tr e e t ,  S o u th  S h ie lds .

B . 1922. B e tt le y ,  H ., 3, R e g e n t  S tr e e t ,  W illen - 
h a ll ,  S ta ffs .



N . 1913. B ew ley , J .  E .  T ., 13, W o o d la n d  T e r 
ra ce , L e a d g a te , Co. D u rh a m .

8 . 1924. B la d e s , H ., 37, P e tr e  S tre e t ,  P its -
m o o r, Sheffield.

S. 1924. B o lso v e r. C. A ., 27, P e a r  S tre e t ,
Sheffield .

N . 1922. B o u d ry , C., 23, E sp la n a d e  P la ce ,
W h it le y  B a y .

'X . 1922. B o w d e n , F . ,  5, H o lm w o o d  G ro v e ,
W e s t  Je sm o n d , X ew cas tle -o n - 
T y n e .

B . 1914. B o ju e ,  W ., 157, W o o d  E n d  R o a d ,
E rd in g to n , B irm in g h a m .

X . 1925. B u r re ll ,  J . ,  2, B ed e  C re sc en t, W illin g - 
to n -o n -T y n e .

X . 1917. C a rr , S ., 44, S ta n le y  S tre e t ,  R o se h ill, 
W a llse n d -o n -T y n e .

L . 1924. C h a m b e rla in , E . E .,  75, A lb e r t  S tre e t,  
S lo u g h , B u c k s .

X . 1923. C h a p m a n , L . B ., D a isy  C o tta g e , D ene
V illa s , C h e s te r- le -S tre e t, Co. D u r 
h a m .

N . 1923. C h a r lto n , F .  J . ,  23, C ed ar G rove , 
C lead o n , S o u th  S h ie lds .

E .M . 1919. C h a r lto n . R . H ., W e n tw o r th  H o u se , 
W e n tw o r th  S tre e t ,  P e te rb o ro u g h .

Sc. 1925. C lim ie , C., 40, D e lb u m  S tre e t ,  P a rk -  
h e ad .

S. 1920. C o a te s , L .. 30, O ak w o o d  R o a d ,
R o th e rh a m .

S. 1921. C oo ling , G eo ., W ., 10, O sb e rto n  P la ce ,
E n d c liffe , Sheffield .

Sc. 1924. C o u b ro u g h . W . J . ,  68, G u th r ie  S tre e t ,  
M a ry h ill ,  G lasgow .

Sc. 1924. C u m m in g s, J . ,  27, H il lv ie w  S tre e t ,  
S h e t t ie s  to n ,  G lasgow .

  1918. C u rrie , E . M ., 3, S to c k to n  R o a d ,
C o v e n try .

X . 1924. C u th b e r tso n , .T-, 1, T o w er S tre e t ,
G a te sh e a d -o n -T y n e .

X . 1924. D a v id so n , T . H ., 156, C ro y d o n  R o a d , 
X e w c a s tle -o n -T y n e .
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B ’nch.

N .

N.

N.

N.

L.

L.

B .

N .

N .

N .

S.

N.
N.

B.

N .

N .

N .

N . ' 

N

1923. D a v iso n , R . ,  79, S eco n d  A v e n u e ,
H e a to n , N e w c a s tle -o n -T y n e .

1924. D ic k in so n , B ., 9, S o u th  F re d e r ic k
S tre e t ,  S o u th  S h ie ld s .

1924. D o d d , C ., 6 , R e lto n  T e rra c e , M onk- 
se a to n .

1924. E a rd le y , H . R . V ., 6 , W h ite  F r ia r s
S tr e e t ,  C o v e n try .

1918. E g le n , T .,  22, M o rley  S tr e e t ,  H e a to n , 
N e w c a s tle -o n  - T y n e .

1922. E ld e r ,  A le x ., 54, F o r d  E n d  R o a d , 
B e d fo rd .

1922. E llis , J .  P . ,  6 , E c k s te in  R o a d , C lap - 
h a m  J u n c t io n ,  S .W . 11.

1922. E ls to n ,  A . G. W ., 62, C ra v en  S tre e t ,
C o v e n try .

1925. E v a n s ,  E . H . ,  100, B ru n sw ic k  R o a d ,
H a n d s w o r th ,  B irm in g h a m .

1923. F a r r e l l ,  T . P . ,  6 , S t. M a ry ’s T e rra c e ,
W ill in g to n  Q u ay .

1917. F e rg u so n , J . ,  62, S o u th  P a lm e rs to n  
S tre e t ,  S o u th  S h ie ld s .

1923. F e r r ie r ,  J .  E .,  29, M ap le  G ro v e ,
C lead o n  P a r k ,  S o u th  S h ie ld s .

1922. F i r th ,  T o m  L ., 191, F o x  S t r e e t ,
Sheffield .

1913. F o rd ,  A ., 43, M oore S tre e t ,  G a te sh e a d .
1917. F ra n c is ,  J . ,  S t r a u g h a n  H o u se , F e llin g -  

o n -T y n e .
1924. F ro s t ,  C., 73, W h itm o re  R o a d , S m all

H e a th ,  B irm in g h a m .
1923. G a lb ra i th ,  R .,  18, B y e th o rn e  S tr e e t ,

S o u th  S h ie ld s .
1923. G ib so n , W ., 66 , K in g  G eorge  R o a d , 

C lead o n , S o u th  S h ie lds .
1921. G o b ey , W m ., 3, B u rn le y  S tr e e t ,  

B la y d o n -o n -T y n e .
1923. C o ld e r, T ., 7, O ra n g e  S tr e e t ,  S o u th  

S h ie ld s .
1923. G o u ld , M ., 42, E lsw ic k  E a s t  T e rra c e , 

N e w c a s tle -o n -T y n e .

'o f 1 A SSO CIA TES.
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Sc. 1924. G ra h a m , T ., 25, W illia m  S tre e t,
D u m b a r to n .

L . 1924. G ra v es , J .  H .,  38, S o lw ay  R o a d ,
W o o d  G reen , N .22.

N . 1925. G reen , S ., 67, C o tte n h a m  S tre e t,
N ew c as tle -o n -T y n e .

B . 1925. G reen w ay , J .  F . ,  43, D o u g la s  R o a d , 
H a n d sw o rth , B irm in g h a m .

—  1923. G riffith s , T . J . ,  35, S ir T h o m as
W h ite ’s R o a d , C o v en try .

N . 1925. G rig o r, R .,  38, G rey  S tre e t ,  W all-
se n d -o n -T y n e .

B . 1925. H a d le y , E . T ., 207, H o rs le y  H e a th ,  
T ip to n , S taffs.

B . 1909. H a m ilto n , G ., 18, A n d e rso n  R o a d ,
T ip to n .

N . 1923. H a r le ,  J .  E .,  162, S o u th  P a lm e rs to n  
S tre e t ,  S o u th  Sh ields.

N . 1924. H a rv e y , J .  E . B ., 96, M a rsh a ll W allis  
R o a d , S o u th  S h ie ld s .

S. 1921. H e e le y , J o h n  J a s . ,  36, G e rtru d e
S tre e t ,  O w le rto n , Sheffield.

Sc. 1924. H ig g in s , N ., P o r t la n d  R o w s, H u rl-  
fo rd , A y rsh ire .

Sc. 1920. H il l ,  T ., 9g , M itche ll S tre e t ,  A ird rie .
L n cs . 1925. H in d le y , W ., 45, H a lsh a w  L an e ,

K e a rs le y , n e a r  M an ch este r.
E .M . 1917. H o lm es , A ., 78, A lb e r t  P ro m e n a d e , 

L o u g h b o ro u g h .
N . 1923. H o lm es , A ., 20, E a r l  S tre e t ,  J a r ro w -  

o n -T y n e .
L n cs . 1923. H o p k in s , W ., 70, T o o ta l D riv e ,

W e a s te , M an ch este r.
E .M . 1916. H u g h e s , J .  O ., 27, E v in g to n  R o a d , 

L e ice s te r .
Sc. 1916. I rv in e ,  J . ,  14, C larence  S tre e t ,  P a is ley .
L n cs . 1925. J a c k s o n , A ., 27 , M a rlb o ro ’ S tr e e t ,

A c c rin g to n .
N . 1923. J e n n in g s ,  P . .  23, C u lle rco a ts  S tre e t,  

W e lb ec k  R o a d , N ew castle -o n - 
T y n e .
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B . 1919. J o h n s o n , J .  B ., ju n r . ,  S la te r  S tre e t ,  
G re a t  B rid g e , T ip to n .

L . 1924. J o n e s ,  T . H ., 40, G le n g a ll R o a d ,
C u b i t t  T o w n , E .1 4 .

Sc. 1922. J o n e s ,  W . C., B la ir  T e rra c e , H u r lfo rd ,  
A y rs h ire .

N . 1922. K e lly , F . J . ,  1545, W a lk e r  R o a d ,
N e w c a s tle -o n -T y n e .

Sc. 1924. L a u g h la n d , H ., 15, B u rn s id e  S tr e e t ,
K ilm a rn o c k .

N . 1923. L ew in s , W ., 90, H . S. E d w a rd s
S tre e t ,  S o u th  S h ie ld s .

N . 1922. L id d e ll,  L ., 7, T y n e  V iew , L em in g to n -  
o n -T y n e .

E .M . 1922. L im b e r t ,  H . ,  15b , F a c to r y  S t r e e t ,  
L o u g h b o ro u g h .

N . 1920. L in d s a y , A. W ., 16, P h il lip so n  S tre e t ,  
W il l in g to n  Q u a y -o n -T y n e .

N . 1924. L o w es, W ., 1, B a d e n  S t r e e t ,  C h este r-  
le -S tre e t .

L n cs . 1914. L u c a s , G. E .,  36, L a n g fo rd  S tr e e t ,  
L eek . S taffs.

Sc. 1924. M a cN ab , R .,  13, W a lk e r  S tr e e t ,
P a is le y .

Sc. 1924. M a r tin , A . L ., 31, G eorge  S tre e t .
C ity , G lasgow .

B . 1924. M aso n , J .  L .,  11, K e n t is h  R o a d ,
H a n d s w o r th ,  B irm in g h a m .

L n cs . 1923. M a s te rs , N ., 2 n d  17, C h e e th a m  H il l  
R d a d , S ta ly b r id g e .

L . 1925. M a ta , C. H .,  51, G ro sv e n o r  R o a d ,
C a n o n b u ry , N .5 .

N . 1911. M a th e r , D . G ., “ W e s to e ,”  Q u e en ’s
R o a d , A shfo i’d , K e n t .

B . 1913. M a th e r , F . ,  “ D o r is ,” D e y k in  A v e n u e ,
W it to n ,  B irm in g h a m .

N . 1923. M a tth e w s , G. W ., 4, B u rn s id e , R o se - 
h ill , W illin g to n -Q u a y -o n -T y n e .

N . 1924. M cD o n a ld , C. R . ,  T h e  V illa . W illin g - 
to n -Q u a y -o n -T y n e .

N . 1925. M cD o u g a l, T . D ., 3, W e s tm o re la n d
S tre e t ,  W a llse n d -o n -T y n e .
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8c. 1924. M cG ow an , V. M ., 1 , A lb e r t  S tre e t,
P a is ley .

Sc. 1913. M cL eish , J . ,  7, B u c h a n a n  T erra ce ,
P a is ley .

Sc. 1913. M cL eisli, R .,  7, B u c h a n a n  T e rra ce , 
P a is ley .

Sc. 1912. M cL in to ck , G ., W o o d h ea d  A v en u e ,
T o w n h e ad , K irk in til lo c h .

L n cs . 1923. M ead o w cro ft, H „  72, E l l io t t  S tre e t ,  
T y ld e s le y , M an ch este r .

Sc. 1924. M eik le , A. S ., 207, K e n t  R o a d ,
G lasgow .

B . 1925. M e red ith , C., 4, T h o m a s  S tre e t,  S m e th 
w ick , B irm in g h a m .

S. 1913. M id d le to n , W m ., 455, J e n k in  R o a d , 
H ig h  W in c o b an k , Sheffield .

N . 1922. M ille r, J .  G ., 79, C larence  S tre e t,
N e  w eas tl e-on  -T y n e .

—  1918. M o rg an , W . G ., 51, P a lm e rs to n  R o a d ,
E a r ls d o n , C o v e n try .

N . 1914. M u rra y , J . ,  13, D e a n  R o a d , S o u th
S h ie lds .

N . 1924. N ich o l, J . ,  131, G eorge S tre e t ,
W illin g to n -Q u a y -o n -T y n e .

N . 1925. N u t ta l l ,  G ., 88, H ig h  S tre e t  E a s t,  
W a llsen d -o n -T y n e .

N . 1917. O liv er, J . ,  74, K in g  E d w a rd  S tre e t,  
G a te sh e a d  - o n -T y n e .

N . 1925. O sb o rn e , G. F . ,  39, F r a n k l in  S tre e t ,  
S u n d e rla n d .

N . 1922. P a te rs o n , J .  W ., 108, C orb rid g e  S tre e t ,  
B y k e r , N ew cas tle -o n -T y n e .

N . 1923. P ea co c k , J .  E .,  40, B o lam  S tre e t ,
N e w c as tle -o n -T y n e .

N . 1923. P e a co c k , S ., 12, J o h n  S tre e t ,  S o u th  
S h ie lds .

N . 1922. P ic k en , A . D ., 2, T w eed  S tre e t,
H e b b u rn -o n -T y n e .

N . 1922. P i t tu c k ,  M. D . (M iss), 4, C a th e rin e  
T e rra c e , W h itle y  B a y .

E .M . 1916. R a d fo rd ,  H . P . ,  151, B a rc la y  S tre e t, 
F o sse  R o a d  S o u th , L eiceste r.
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N . 1917. R a n g , E . J . ,  8 , B a th  T e rra c e , T y n e 
m o u th .

N . 1922. R e d p a th ,  J . ,  25, B u rn le y  S tr e e t ,
B la y d o n -o n -T y n e .

Sc. 1923. R e id , J .  N . ( ju n r .) ,  E lm b a n k , L a r b e r t .
L . 1922. R e n d e ll ,  R . J . ,  23, R o y s to n  A v e n u e ,

S o u th  C h in g fo rd , E .4 .
Sc. 1923. R id d e ll ,  J . ,  C o v e n try  D riv e , G lasgow .
N . 1924. R o b so n , J . ,  75, N e p tu n e  R o a d , W all-

se n d -o n -T y n e .
N . 1923. R o llin , C. N ., K e y s  H o u se , G ilesg a te , 

D u rh a m .
Sc. 1924. R o ss , H . R -, 425, K e p p o c h il l  R o a d , 

G lasgow .
N . 1923. S am s, W . B ., 6 , N o r th  T e r r a c e ,

W a llse n d -o n -T y n e .
N . 1925. S c o tt,  R . J . ,  5, D e n e  A v e n u e , H ig h  

F a r m  E s t a t e ,  W a llse n d -o n -T y n e .
N . 1923. S h e re t,  N . L . R . ,  30, R o th b u r y

T e rra c e , H e a to n ,  N e w c a s tle -o n -  
T y n e .

S. 1925. S m e d le y , C. C ., 41, A b b e y  L a n e ,
W o o d se a ts , Sheffield .

Sc. 1911. S m ith , W . H .,  19, V ic to r ia  P la ce ,
A ird rie .

B . 1925. S m ith ,  W . H . ,  21 , H o rs e ly  R o a d ,
T ip to n ,  S ta ffs .

N . 1912. S p en ce , W . D ., 124, H e a to n  P a r k
R o a d ,  N e w c a s tle -o n -T y n e .

N . 1922. S p en cer, F . C., ‘ D o n s fe ll .”  N ew
H o rs le y , O v in g h a m -o n -T y n e .

B . 1910. S p ie rs , F . ,  32, K e n i lw o r th  R o a d ,
H a n d s w o r th ,  B irm in g h a m .

N . 1925. S p o w a rt,  D ., 9, S t. N ic h o la s  R o a d , 
H e x h a m -o n -T y n e .

Sc. 1924. S te v e n so n , A . H .,  6 , K e n n e d y  S tr e e t ,  
K ilm a rn o c k .

N . 1923. S to b b s , T .,  199, S ta n h o p e  R o a d ,
S o u th  S h ie ld s .

N . 1924. S to d d a r t ,  J . ,  7, F e rn d a le  A v e n u e ,
W al lse n d  - on  - T y n e .
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N . 1925. S tro n g , L eslie , 59, M arin e  A v en u e ,
M o n k sea to n , N o r th u m b e r la n d .

E .M . 1915. S ty le s , W . T ., 52, R o e  S tre e t ,  D e rb y .
B . 1910. S u tto n , W . H .,  147, A n th o n y  R o a d ,

S a ltle y , B irm in g h a m .
Sc. 1913. S w o rd , J . ,  13, P a is le y  R o a d , B a r r 

h e a d .
N . 1923. T o w n s, E .,  50, W h ite h e a d  S tre e t ,

S o u th  Sh ie lds.
N . 1921. T u n n a h , R . C., 22, R ip o n  G a rd en s , 

J e sm o n d , N ew c as tle -o n -T y n e .
Sc. 1924. T u rn b u ll .  J . ,  P r im ro se  C o tta g e ,

B o n n y b rid g e .
N . 1921. T u rn b u ll ,  R . G ., “ N o rw o o d ,”  W e s t

w o o d  A v e n u e , H e a to n , N e w 
c as tle -o n -T y n e .

S. 1922. T y le r , G. H .,  86 , P ic k m e re  R o a d ,
CroOkes, Sheffield .

N . 1922. Y a n -d e r-B e n , C. R . ,  169, D u n sm u ir  
G ro v e , G a te sh ea d -o n -T y n e .

Sc. 1924. W a d d e ll ,  W ., 9, D u n n  S tre e t ,  P a is ley .
L . 1911. W ells , G . E .,  89, L aro o m  S tre e t ,

W a lw o r th ,  S .E .
N . 1924. W ise , S. F . ,  45, T e n th  A v e n u e ,

H e a to n , N e w c as tle -o n -T y n e .
L . 1922. W o o d in g , J .  F .  13, H ig h fie ld , R o a d ,

C h e rts e y .
S. 1920. W o rd sw o rth , W . #A ., 11, C o v erd ale

R o a d , M illhouses, Sheffield.
L . 1924. W o r la n d , F . J . ,  48, S w ete  S tre e t ,

P la is to w , E .1 3 .
N . 1925. W o rle y , E . R . ,  2, P r im ro se  H ill,

L ow  F e ll,  G a te sh ea d -o n -T y n e .
Sc. 1919. Y o u n g , C., 74, C ra m o n d  S tre e t ,  G la s

gow .

S97

Members changing their address are 
requested  to notify the same immediately 
to the General or Branch Secretary of 
the District.

2 G





899

N A M E  I N D E X .

. .  . .  PAG*A arst, H . Van.
P aper on Econom ic M eltin g  w ith  C upolas . .  . .  129

A nderson , R . J ., & Boyd, M. E.
P ap er on tihe Production of C astings in  Perm anent

M oulds ..........................  46
Aveline R. N .

On Stress E stim ation  in  Cast I r o n .......................................... 619
A x b y , — .

On Coal D ust in S a n d s .................................................................. 307

B ailey, P. T.
On C hills  ..........................................................................................450

BARCLAY, S. F.
P aper on P ractica l V alue of Modern N on-Ferrous

A lloys .......................................................................................... 483
B artlett, A. R.

E lected  to  C ouncil .................................................................... 17
B eeny, H .

On T ransverse T est R e s u l t s ...................................................... 621
B rouohall, E . H .

On C o-operation in th e  F o u n d r y .......................................... 277
B row n , E . H.

On F an s v. B low ers .................................................................. 393
On Oil Sand Cores .................................................................. 194
On S in g le  v. D ouble Row of T u y e r e s ...............................393

B rown, T. W.
On C h ills  for S teel C a s t i n g s ...................................................... 451

B uchanan, R.
P ap er on F racture v. A n a lysis  in  P ig -iron  . .  . .  655
P ap er on T est B ars .................................................................. 282
R e-elected  a s  T r u s t e e .................................................................... 17

Cameron, J.
E lection  a s Senior V ic e -P r e s id e n t ............................................ 15

Campion, A.
On G raph ite E quilibrium  ...................................................... 127
On T em perature Control of N on-ferrous C astin gs . .  165 

Chevenard, P.
Paper on D ila tom etr ic  A n a lysis  o f A lloys, w ith

Specia l R eference to  Cast I r o n .......................................... 198
Clamer, G. H .

T elegram  of G reetin gs f r o m ........................................................ 18
Cook, F . J.

On Chiilled M alleab le C astin gs  .......................................... 122
On W ater C oolin g o f W h ite M etal B ear in gs during

C a s t i n g .......................................................................................... 164
R e-election  a s  T r u s t e e .................................................................... 17

Currie , E . M.
P ap er on P reparation  and  T estin g  o f M oulding and  

Core Sands   ■ • ■ • 294

D arley, F.
On Converter v. E lectric  S teel C a s t in g s ...............................593

D awson, S. E.
P ap er on N on-m agn etic  C ast Iron . .  ■.............................. 797

D esch, C. H .
On C astin g  “ T  ” A l l o y .................................................................. 477

D icken, C.
Paper on F in e  L im its  in Foundry P ractice . .  . .  262
On M ixtures for C y l i n d e r s ...................................................... 280

D icks, G. E.
P ap er on P a ttern  Shop P r a c t i c e .......................................... 624

2  H



P A G E

B orsie, J . C.
P aper on -Some P roblem s in  L ig h t C astin gs . .  . . 694

P arley, F.
On M ould ing S a n d ............................................................................... 3C6

D ubberly, F.
On O il Sand Cores ................................................................... 247

D un n , D r . J . T.
On th e  W ork of th e In s t itu tio n  o f B ritish  

Foundrym en ................................................................................. 31

E dginton, G.
On D rills  ........................................................................................... 447
On M an gan ese in  S teel C a s t i n g s .............................................. 595

E vans, W. T.
D iscu ssion  on O il Sand C ores.......................................................244

F aulkner, V. C.
E lection  a s  Ju n ior  V ic e -P r e s id e n t ....................................16

F ield, H .
P ap er on C h aracteristics and  U ses o f P ig - ir o n .. . .  720
On Oil Sand Cores ................................................................... 248

F inch , F. W.
E lection  a s H on . T r e a s u r e r ........................ .. . .  . .  17

G ardner, J . A.
P a p ir  on B r iq u ettin g  o f C ast-iron B orin gs  and
T u rn in gs ..........................   312

Gardom, J . W.
P aper on M alleab le Iron C hain  M anu factu re . .  . . 6 6 6
On M ech anical C h arg in g  of C upolas an d  R ep airs . .  390

H arley, A.
P aper on M eta llu rg ica l Control in  A utom obile

Foundry P r a ctice  ................................................................... 569
On Sand P r e p a r a t i o n ..........................................................304

H atfield, W . H .
On Q u an tity  Production  ....................................................... 234
On T est B ars ............................................................................... 236

H ir d , B.
On Oil Sand Cores ................................................................... 194

H oog, J.
On H e ig h t  o f  T u y e r e s ..........................................................241

H ollinworth, W. G.
R e-election  a s  Secretary ......................................................... 11

H olmes, C. W . H .
P aper on th e  T echn ica l Side of O il Sand Cores . .  171
On S tee l Shot Cores  189 & 535

H urren, F . H .
P aper on C ast Iron in  M otor-car C onstruction  . .  752
P aper on Influence of C astin g  T em perature on

A lu m in iu m  A l l o y s ..........................   459
On B rin eR -H ard n ess  of C y l in d e r s ........................................... 534
On T est B ars for A utom obile C y l in d e r s ............................... 618

J oicey, R r. H on. L ord.
On T yn esid e’s N otab le  E n g in e e r s .......................................  2
Speech  a t  B an q u et ..................................................................... 30

J udd , G. H .
On Sand  M ixers an d  P ad d le  M a c h in e s ............................... 309
On A utom obile S p e c if ic a t io n s ....................................................... 616

K ayser, J . F .
On G as 'R eactions in  M oulds and M e t a l ............................... 448

K ey, A. L.
P aper on J o lt  R am m in g  M ould ing P r a c tice  . .  . . 6 4 3

L ambert, W.
On Tuyere C onstruction ....................................................... 392
E lected  to C ouncil ......................................................................17

900



(JOI

T , PAGE
L iardet, A. A.

Paper on th e  Foundry Cupola and M echanical
C harg in g  .............................................................................. 360

Logan, A. B.
Pap er on N on-ferrous A lloys in M arine E n gin eer in g  

w ith Specia l R eference fo A dm iralty Gun M etal,
M an gan ese, B rass, and  W h ite M e t a l ...............................140

On Gun M etal ..............................................................................169
On Iron C ontent o f M anganese B r o n z e ...............................170

L ongden, E.
P ap er on R ela tive  V alue of Feeders or D ensensers in

Grey Iron and  M alleab le I r o n ...........................................428
On G raphite in  M olten C ast I r o n .......................................... 128

L ongden, J.
On Oil Sand Cores ................................................................ 190

L ongmtjir, P,
On Body in S t e e l ............................................................................234
On C asting  Tem perature of A lum inium  A lloys . 476

M arkland, T. W.
On B ottom  Shrin k age . ................................................................241

M arks, A.
Paper on M anufacture of P ea r litic  Cast Iron for

H ig h  Tem perature E n gin es .......................................... 743
On B ear in g  M etal .................................................................166
On B rinell H ardn ess an d  G r a p h it e ........................................126
On G ases in M etals  .................................................................454
On G raph ite in  M olten I r o n .................................................... 126
On M ixin g Oil Sand C o r e s ..................................................... 248
On Oil Sand Cores .................................................................192
On Propeller M etal ................................................................ 168

M iles, H . D.
A ddress on B eh a lf of th e A m erican Foundr.vm en's

A ssociation  ................................................................................38
M iles, R . A.

On Fracture v. A n alysis  ...................................................... 663
M oldenke, R.

P ap er on A m erican Foundry P r a c t i c e ...............................227
On Cupola F l u x e s ............................................................................ 239
On D esiulphurisation by Soda A s h ........................................... 238
On H e ig h t  of C oke Bed.............. .................................................239
On Tuyere R atio s and B last P r e s s u r e .................................240

M orison, Sir T.
A ddress o f W elcom e . .     6
Speech a t  B an q uet ....................................................................28

N orthcott, L.
Paper on th e  Form ation  of G raph ite in C ast Iron . .  94

P atterson, R. O.
E lection  a s  P r e s i d e n t .................................................................... 14
P resid en tia l Address  , 20

P ell, J.
On Sulphur in Coke .................................................................. 258

P emberton, H .
Elected  to  Council ....................................................................17

P ierce  G  O
On’ Econom ic E m ploym ent o f Skilled  Labour . . . .  684

P rimrose, J . S. G.
On N ick el in C ast I r o n .................................................................. 821

R eason, H . L.
P resen ted  w ith  Illu m in ated  Address ............................. 8

R hydderch, A.
Pap er on M oulding Sands for Steel C astings . .  . . 7 6 7
On P ou ring  and Shrinkage of S teel C astings . .  . .  594
On U se o f C h i l l s ..............................................................................452



902

page
R oberts, G. E .

E lected  to C ouncil ..................................................................... 17
On th e  E ffect o f S pecification s on Sm all F ou n d ries . .  287 

R obinson, S. R.
On C h ills  ........................................................................................... 448

kOBINSON, — .
On Phosphorus in C ylinder I r o n .............................................. 596

iONCERAY, E.
P ap er on som e N ecessary  A d ju stm en ts betw een  th e

Foundry an d  th e  D raw in g  Office ................................. 553
R oss, S ir A.

Speech a t  B an q u et ..................................................................... 36
R owe, F . W.

P ap er on  F ou n d in g  o f A dm ira lty  Gun M eta ls  and
A llied A l l o y s ............................................................................... 328

P ap er on Selection  o f P ig -iron s for H igh -grad e  C ast
Iron ........................................................................................... 343

On Phosphor B ronze ................................................................... 339
R oxburgh , W.

On R ound T est B a r s ................................................................... 612

S haw , J
P resen ted  O liver Stubbs G old M edal ..........................  7
E lected  to  C ouncil ..................................................................... 17
P ap er  on P h y s ica l T ests for C ast I r o n ............................... 599
On G raph ite in  C ast I r o n ....................................................... 119
On P e a r litic  S t r u c t u r e ................................................................... 597

Shaw , R . J.
On M ech anical C h arg in g  ....................................................... 391

S imcox, H . J.
On B rin e ll H ard n ess ................................................................... 121

Simpson, D r . R . W.
A ddress o f W elcom e ..............................................................  1
Speech  a t  B an q u et ...............................................................27

Slater, H . O.
On S ca lin g  o f M alleab le ....................................................... 682

Smalley, O.
P aper on th e  E lim in a tion  of S tru ctu ral W eak n esses

in  C astin gs ............................................................................... 401
Smith, S. G.

On D esu lp h u risa tion  o f Soda A s h ........................................... 237
Stubbs, 0 .

E lected  H onorary M e m b e r .........................................................18
R e-election  a s T r u s t e e ..................................................................... 17
On In tern a tion a l C o-operation ............................................. 39

Sutcliffe, A.
P ap er on D ry Sand and  Loam  M ou ld in g . .  . . 7 0 1

T wigger , T. R.
On T est B ars an d  S p e c if i c a t io n s ........................................... 289

V ickers, T.
On M ix in g  O il an d  W ater for Cores ............................... 250

W ilkinson, D.
On G ases in M eta ls ................................................................... 455

W illiams, M.
On U se o f G au ges in  th e  F o u n d r y ........................................... 278

W ood, J.
On Fractu re v. A n a lysis  ....................................................... 660

Y oung, A. D .
P ap er on D esu lp h u risa tion  of F oundry Coke . .  . . 2 5 1

Y oung , H . J.
On G raph ite in  M olten I r o n .....................................  . .  124
On T ota l Carbon in  C ast Iron  ........................................... 124



903

S U B J E C T  I N D E X .

PAGE

A l l o y s , c o p p e r - t i n ,  e q u i l i b r i u m  d i a g r a m  f o r .......................................... 144
l i q u a t i o n  o f ...............................................................1 48

d i l a t o m e t r i c  a n a l y s i s  o f ...............................................................1 98
n o n - f e r r o u s ,  p r a c t i c a l  v a l u e  o f ...................... ...................................4 83
r e l a t i o n  b e t w e e n  t e m p e r a t u r e  a n d  s t r e n g t h  o f

n o n - f e r r o u s ...............................................................................................4 90
w i t h  s h o r t  f r e e z i n g  r a n g e  .......................................................... 404
w i t h  w i d e  f r e e z i n g  r a n g e  ..........................................................4 1 0

A l u m i n i u m  a l l o y s ,  e f f e c t  o f  s o a k i n g  ..........................................................465
h a r d n e s s  o f  .......................................................................... 4 7 2
i n f l u e n c é  o f  c a s t i n g  t e m p e r a t u r e  o n  , .  4 5 9

b r o n z e  .......................................................................................................... 4 0 7
p r o d u c t i o n  o f  c a s t i n g s  i n  p e r m a n e n t  m o u l d s  86

A m e r ic a n  F o u n d r y m e n ’s  A s s o c i a t i o n , r e p o r t  o n  . .  . .  11
f o u n d r y  p r a c t i c e ..............................................................................2 27

A n a l y s i s ,  f a l l a c y  o f  r e l y i n g  w h o l l y  o n ..............................................3 5 4
A n n e a l i n g ,  b o x e s ,  n i c k e l  c h r o m e ..............................................................6 8 7

i n f l u e n c e  o f  o n  l e n g t h  o f  m a l l e a b l e  c a s t i n g s  6 79
l i g h t  m a l l e a b l e  c a s t i n g s ............................................. 670
o f  c a s t  i r o n  .......................................................................................... 5 4 6

A n n u a l  C o n f e r e n c e ,  a t  N e w c a s t l e - o n - T y n e .......................... 1
A n n u a l  G e n e r a l  M e e t i n g , 2 1 s t ,  a t  N e w c a s t l e - o n - T y n e  . .  9
A s h , c u p o l a ,  f o r  o i l  s a n d  c o r e s ................................................................ 1 9 4
A u s t e n  h e , n a t u r e  o f .................................................................................................2 1 0

B a l a n c e  S h e e t , D e c e m b e r  3 1 ,  1 9 2 3  .................................................................... 1 2
B e a r i n g  M e t a l , c a s t i n g  t e m p e r a t u r e  ..........................................................1 6 7

h a r d n e s s  o f ................................................................................166
s t r e n g t h  o f ................................................................................166

B e a r i n g s , f i l l i n g  w i t h  w h i t e  m e t a l  ..........................................................1 6 2
w h i t e  m e t a l ,  w a t e r  c o o l i n g  d u r i n g  c a s t i n g  . .  1 6 4

B i n d e r s , f o r  c o r e s  ..........................................................................................................1 9 4
B l a s t  F u r n a c e s , d i s t r i b u t i o n  o f ........................................................... , 7 2 2
B l o w h o l e s   5 29
B o d y  i n  6 t e e l  .......................................................................................................................... 234
B o i l e r  A l l o y s  .................................................................................... ■ . .  1 4 1
B r a s s , a l p h a  .......................................................................................................................... 4 1 0

c a s t i n g  i n  p e r m a n e n t  m o u l d s ............................................................ 88
c o m p o s i t i o n  o f .................................................................... 1 5 3  a n d  4 8 7

. .  3 29
. .  407

1 2 1  a n d  535  
321

hardness of 
h ig h  ten a c ity  beta  

B r i n e l l  H a r d n e s s  
B r i q u e t t e s , d ryin g of ..

m eltin g  of 318
B r i q u e t t i n g  of cast iron b orings and  tu rn in gs . .  312
B r i t i s h  C a st  I r o n  R e s e a r c h  A s s o c i a t i o n , report on ..  11
B r o n z e , a lu m in iu m  ............................................................................. 407

com position  of ............................................................. 143
h ardness o f .............................................................  . .  329
tin   - 4 1 4

C a r b o n ,  diffusion o f in m alleab le a n n e a l in g ...............................678
influence of in  p i g - i r o n .......................... 725 and 740
influence of on cast i r o n .......................................... 346

C a s t i n g  T e m p e r a t u r e , effect of, on grap h ite  form ation  ..  115
for A dm ira lty  gun  m etal . .  ,.  146
for m an ganese b r a s s .............................. 157

C a s t i n g s , for e lectr ica l con d uctiv ity  .......................................... 489
pig-iron su itab le for various typ es o f . .  . . 737
production  in perm anent m o u ld s ..........................  89
th e  e lim in a tio n  of structural w eaknesses in  . .  401 
to  w ith stan d  h ig h  tem perature ...............................489



904

T • rAub
C a s t  I r o n ,  c o m p a r i s o n  w i t h  "  b l a c k h e a r t  ”  m a l l e a b l e  . .  3 4 7

c o m p o s i t i o n  a n d  s t r u c t u r e ...........................................................527
c o n s t i t u e n t s  o f .....................................  206
c r y s t a l l i s a t i o n  o f  ....................................................  ' '  421
d i l a t o m e t r i c  a n a l y s i s  o f  .................................... . '  1 9 8
e l e c t r i c  f u r n a c e ............................................................................................356
f o r m a t i o n  o f  g r a p h i t e  i n ....................................  ’ ’ 94
f o r m a t i o n  o f  p r i m a r y  g r a p h i t e  i n .......................................... 105
i n f l u e n c e  o f  m a n g a n e s e  o n ...........................................................344
i n f l u e n c e  o f  p h o s p h o r u s    . 345
i n  m o t o r  c o n s t r u c t i o n ....................................................  ' '  752
h i g h - g r a d e ,  s e l e c t i o n  o f  p i g - i r o n  f o r  . .  343
m e a s u r i n g  c o e f f i c i e n t  o f  e x p a n s i o n  o f  . .  . 205
m e c h a n i s m  o f  s o l i d i f i c a t i o n ...........................................................5X9
m o l t e n ,  g r a p h i t e  i n ....................................................  . . 1 1 4
n o n - m a g n e t i c  . .  . .   797
p h o s p h o r i c  0. n o n - p h o s p h o r i c  ...........................................573
s t r e n g t h  o f ...............................................................  5 6 1  a n d  599
s u l p h u r  m ..................................................................... 2 3 0  a n d  345
t h e r m a l  a n a l y s i s ............................................................................................198
u l t i m a t e  a n d  r a t i o n a l  a n a l y s i s  o f  . .  799

C e m e n t i t e , c o m p l e x  ............................................................................................................ 2 09
g r a p h i t i s a t i o n  o f  ..................................................  ' .  214
n a t u r e  o f ............................................................................................................2 0 6

C e n t r i f u g a l  C a s t i n g s  20 a n d  59
C e r t i f i c a t e s ,  m e m b e r s h i p  .............................................................................................. 11
C h a p l e t s ,  d e f e c t s  d u e  t o  ............................................................................................505
C h e m i c a l  A n a l y s i s , i n f l u e n c e  o f ........................................................................... 6 1 0
C h i l l e d  I r o n  R o l l s ,  t h e r m a l  c h a n g e s  i n  . .  . .  . 2 2 3
C h i l l s  ......................................................................................................................  436
C i v i c  R e c e p t i o n  a t  N e w c a s t l e - o n - T y n e ..........................................  ! 1
C o k e ,  c o m b u s t i o n  i n  t h e  c u p o l a .....................................................................364

d e s u l p h u r i s a t i o n  o f  f o u n d r y  .................................................... 251
f o u n d r y  ........................................  ' ....................................................................... 2 31
m e c h a n i c a l  p r o p e r t i e s  f o r  c u p o l a  m e l t i n g  , .  . .  1 3 2

C o m p o s ,  f o r  s t e e l  m o u l d i n g ............................................................................................773
p r e p a r a t i o n  o f  s a n d s  a n d  ........................................................... 790

C c n p e n s e r  C a s t i n g ,  m a k i n g  i n  l o a m ...........................................................710
m a k i n g  i n  s k i n - d r i e d  s a n d  . .  . ,  7 1 3

C o n t r a c t i o n , a l l o w a n c e  f o r  i n  p a t t e r n s ........................................................... 62 9
C o p p e r - T i n  A l l o y s , e q u i l i b r i u m  d i a g r a m  f o r  . . 1 4 4

l i q u a t i o n  o f ........................................................................... 1 4 8
C o r e  M i x t u r e , p r e p a r a t i o n  o f  ........................................................................... 1 7 8
C o r e  S a n d s , p r e p a r a t i o n  a n d  t e s t i n g  o f  m o u l d i n g  a n d

( s e e  a l s o  M o u l d i n g  S a n d s )  ........................................................................... 2 9 4
C o r e s , g l u c o s e  a s  b i n d e r  f o r ,  ........................................................................... 194

m a t e r i a l  f o r ,  f o r  p e r m a n e n t  m o u l d s ....................................  80
o i l  s a n d .............................................................................................................................244

b a k i n g  o f ............................................................................................1 8 2
b e h a v i o u r  i n  t h e  m o u l d  d u r i n g  c a s t i n g  1 8 5
d r i e r s  f o r  . .   2 4 7
m a x i m u m  s i z e  o f  ...........................................................1 9 1
m i x i n g    2 4 8  a n d  250
t h e  t e c h n i c a l  s i d e  o f ...........................................................17 1

p r e s s u r e  o f  m o l t e n  m e t a l  o n ...........................................................1 8 6
s t e e l  s h o t    1 8 9  a n d  5 3 4

C c t h i a s  C a s t i n g ............................................................................................................................... 5 8
C o u n c i l , e l e c t i o n  o f  m e m b e r s  t o .............................................................................. 17
C u p o l a s  a n d  C u p o l a  P r a c t i c e , a i r  s u p p l y  f o r  . .  . .  136

a s h  f o r  o i l  s a n d  c o r e s ........................................................................... 1 9 4
b l a s t  c o n t r o l ............................................................................................................ 3 2 6
b l a s t  p r e s s u r e  ............................................................................................2 4 0
b l o w i n g  a p p a r a t u s  ........................................................................... 3 7 6
c h a r g i n g ,  e l e c t r i c  r u n w a y s  f o r  ...........................................3 8 5
c o m b u s t i o n  o f  c o k e  i n ........................................................................... 3 6 4



905

C u p o l a s  a n d  C u p o l a  P r a c t i c e ,  d e s u l p h u r i s a t i o n  i n  . .  P 257
e c o n o m i c  w o r k i n g .................................... i o q
f a n s  v. b l o w e r s  . .   -zqn
f l u x i n g ....................................................  ^
f ™ , „ T t o r  c a s f i n ® s .................................................... 7 5 4  a n d  274
f o u n d r y  c u p o l a s  . . . .  350
h e i g h t  o f  c o k e  b e d  . .  . .  "  " 2 3 9
h e i g h t  o f  t u y e r e s .................................................... ‘ ' 24 ]
h o t  b l a s t  c u p o l a s .................................... . ’ ’ ’ ’ 377

o t  t y j *8 o f  i r o n  u s e d  o n  f u e l  e c o n o m y  130  
I r e l a n d  s  c u p o l a  . .  . .  , .  xf.n
K r i g a r ’k  c u p o l a  . .  . .   t« ,
l i n i n g s ....................................................................; ;; ;; ;; ^
m e c h a n i c a l  c h a r g i n g  o f  c u p o l a s  . .  . ’ 379
P i t o t  t u b e  f o r  . .  . . ................................................ ! 136
r a p i d  t y p e  c u p o l a  w i t h  r e c e i v e r  . 371
t u y e r e s ...................................................................................  ' " 3 7 4
W o o d w a r d ’s  s t e a m  j e t  c u p o l a  . .  . .  " 3 6 9

C y l i n d e r s ,  d e s i g n  o f  . .  . .  . . , ,  ' . ' 5 3 0
m i x t u r e s  a n d  m e l t i n g  f o r  . .  509
m i x t u r e  f o r  .................................................  "  276
m o t o r ,  c o m p o s i t i o n  o f  . .  . .  ”  ’ ' 760
m o u l d i n g  s a n d s  f o r  ...................................  ' ’ 484
p o r o u s  o r  s p o n g y  p a t c h e s  i n  ' ' ! ! ! ! 524
■ p r o d u c t i o n  o f  a u t o m o b i l e  . .  585
p r o b l e m ,  t h e  .................................... ’ 491
p h o s p h o r u s  i n  ......................................................  ”  . ' 5 9 5

D e n s e n e r s  i n  g r e y  a n d  m a l l e a b l e  i r o n  . .  428
D e s u l p h u r i s a t i o n  b y  s o d a  a s h  ’ 237
D i e  C a s t i n g  ....................................................................  ' ' '  '/ M
D i l a t o m e t e r ,  d i f f e r e n t i a l  . .  . .   201
D i p l o m a s ,  a w a r d  o f  .................................................... ”  j ’ 10
D r y i n g  o f  M o u l d s  .................................................... ”  ”  ' ’ 791
D y e  G i g ,  m a k i n g  i n  g r e e n  s a n d ..................... . ' . 7 1 7

m a k i n g  i n  l o a m .......................................................................................... 715
m a k i n g  i n  6k i n - d r i e d  s a n d ..........................................................716

F l o o r  S a n d ........................................................................................................................................... 789
F l y w h e e l s ,  a u t o m o b i l e  .................................................... ’ 764
F o u n d r y  a n d  d r a w i n g  o f f i c e ,  r e l a t i o n  b e t w e e n  ! ! ! ! 553

c o - o p e r a t i o n  i n  .......................................................................................... 277
F o u n d r y  P r a c t i c e ,  A m e r i c a n  .......................................................................... 227'

f i n e  l i m i t s  i n  . .  . . ........ ■ ..........................................262
m e t a l l u r g i c a l  c o n t r o l  i n  a u t o m o b i l e  . .  5 69

F r e m o n t  T e s t  ...........................................................................................................................5 6 3
F u r n a c e s  f o r  p h o s p h o r  b r o n z e  ..........................................................................3 4 0

G a s ,  r e a c t i o n s  i n  m o u l d  a n d  m e t a l  ..........................................................448
i n  m e t a l  ....................................................   433
i n  m o u l d s   ........................................................................................................................557

G r a p h i t e , f o r m a t i o n  o f  i n  c a s t  i r o n ................................................................... 94
i n f l u e n c e  o f  s t r u c t u r e  o f  o n  c a 6 t  i r o n  . .  . .  349
i n  m o l t e n  c a s t  i r o n  ......................................................................114
n a t u r e  o f  .......................................................................................................... 208
n o d u l a r ,  a n n e a l i n g  w h i t e  i r o n  t o  p r o d u c e  . .  97
p r i m a r y ,  f o r m a t i o n  o f  i n  g r e y  c a s t  i r o n  . .  . .  105

G r a p h i t i s a t i o n ,  i n f l u e n c e  o f  m a n g a n e s e  a n d  s i l i c o n  o n  . .  220
G r a p h i t i s a t i o n  o f  c e m e n t i t e ..............................................................    2 1 4
G a u g e s , u s e  i n  f o u n d r y  .......................................................................................... 2 7 8
G u n  M e t a l , .......................................................................................   4 8 5

A d m i r a l t y  . .  » ........................................................................................414
A d m i r a l t y ,  f o u n d i n g  o f ......... ..........................................................3 28
A d m i r a l t y ,  i n  m a r i n e  e n g i n e e r i n g  . .  . .  140
h e a t - t r e a t m e n t  o f  ......................................................................152
l i q u a t i o n  o f  .......................................................................................... 3 3 2



906

H a r d n e s s , B rin e ll, of ca st iron 
H e m a t it e  iron, v ir tu es an d  draw backs . .

used in h igh -grad e ca stin g  ..

PAGE 
121 an d  535 

726 
350

I l l u m i n a t e d  A d d r e s s ,  presented  to  H .  L .  R eason  
I m p a c t  T e s t s , in fluence of phosphorus on

I r o n , a n n e a lin g  o f w hite, to  produce nodular  
a s  a m eta llograp h ic con stitu en t

J o l t  R a m m i n g  ....................................................

L e o n a r d  E f f e c t ....................................................
L i g h t  C a s t i n g s , som e problem s of 
L i g h t h o u s e  C a s t i n g s , p attern s for  
L i q u a t i o n  o f copper-tin  a lloys  

of gu n  m etal 
L o a m , for cy lin der work

trea tm en t of ..........................

¡ r a p h i t e

o f

M a l l e a b l e  C a s t i n g s , ch illed
p eelin g  in  
sca lin g  in

M a l l e a b l e  C a s t  I r o n ............................................
com parison  of " b lack h eart  

grey ca st iron  
elo n g a tio n  of 
therm al ch a n g es  in  

M a l l e a b l e  I r o n  C a s t i n g s , m eta llu rgy  of m anufactu  
M a l l e a b l e  I r o n  C h a i n , m an u factu re o f .
M a n g a n e s e  B r a s s , stru ctu re  o f

ca s t in g  tem perature . 
in  m arine en g in eer in g  

M a n g a n e s e , influence o f o n  c a s t  iron  
M a n h o l e  C o v e r s , stren g th  and d esign  .
M a r t e n s i t e , nature of ........................
M i x t u r e s , pig-iron ....................................
M o t o r  C a s t i n g s ,  ch em ica l com p osition
M o u l d s , pressure i n ....................................
M o u l d e r s ,  sh or tage of sk illed  ..
M o u l d i n g , dry sand and loam  ..

jo lt ram m ing practice  
m alleab le ch a in  lin k s
of cy lin ders ........................

M o u l d i n g  S a n d , b inders for
c lay  grad e of  
coa l d ust in  
d ryin g  before m ix in g  
effect of m illin g  on , 
effect o f m oisture in  . 
effect o f s ilt  on  ..
floor s a n d ........................
for cy lin der work  
for o il sand cores 
for stee l c a stin g s  
for non-ferrous c a stin g s  
fu sion  point of various  
gra in  size  of 
in fluence of pressure o f m eta l on 
in terp reta tion  o f tes ts  
m ech an ica l te s t in g  of 
m ix in g  w ith  oil
o il m ixers f o r ........................
p rep aration  and  te s t in g  of
r id d lin g  o f ........................
sh e ll, in  sea  sand  
str ip p in g  p roperties of 
s y n th e tica lly  bonded ..

w ith

345

97
205

643

557
694
630
148
332
498
499
122
687
682
578

173 a

347 
690 
222 
671 
666
156
157 
140 
344 
694 
212 
741 
758 
698

24 
701 
643 
667 
585 
302 
769 
341 
181 
783 
777 
781 
789 
494 
172 
767 
341
771 

nd 773
774 
494 
296 
179 
302 
294 
21 

194
772
773



907

M o u l d s  a n d  c o r e s  f o r  c y l i n d e r s .......................................................................... 6 00
f e r r o - m a n g a n e s e  p a i n t  f o r  .......................................................... 5 6 7
p e r m a n e n t ,  p r o d u c t i o n  o f  c a s t i n g s  i n  . .  46
r e f r a c t o r y  l i n e d .............................................................................................. 7 9

M u i r h e a d  M e t a l  ...........................................................................................................5 46

N o n - f e r r o u s  A l l o y s ,  i n  m a r i n e  e n g i n e e r i n g .......................................... 140
f o r  a u t o m o b i l e  c a s t i n g s  . .  . .  5 8 4

N o n -f e r r o u s  M e t a l s , c o n t r a c t i o n  o f ...........................................................5 8 5

O c c l u s i o n  o f  g a s e s  i n  m e t a l s  .......................................................................... 4 3 3
O i l , c o v e r i n g  o f  s a n d  s u r f a c e  w i t h .......................................................... 1 7 9

é m u l s i f i c a t i o n  o f ...........................................................................................................1 9 1
f o r  c o r e s  ...........................................................................................................................1 7 6

" O l i v e r  S t u b b s ”  G o l d  M e d a l  p r e s e n t e d  t o  M r .  J .  S h a w  7
O r e , a c t i o n  i n  m a l l e a b l e  a n n e a l i n g .......................................................... 6 7 4
O r e s , v a l u e  o f ........................................................................................................................... 7 2 2

P a i n t , f e r r o - m a n g a n e s e ,  f o r  c o r n e r s  o f  m o u l d s  . .  . . 5 6 7
P a t t e r n s h o p  p r a c t i c e ...........................................................................................................6 2 4
P a t t e r n s , m e t a l ........................................................................................................................... 636

t a p e r  o n  ...............................................................................   627
s p l i t t i n g  ...........................................................................................................6 2 7

P e a r l i t i c  c a s t  i r o n ,  m a n u f a c t u r e ,  f o r  h i g h  t e m p e r a t u r e
e n g i n e s  ...........................................................................................7 43

s t r u c t u r e ,  i n  t y r e  r o l l .......................................................................... 5 9 7
P e e l i n g  i n  m a l l e a b l e ...........................................................................  6 8 2  a n d  6 8 7
P e r m a n e n t  M o u l d s ,  b i b l i o g r a p h y  o n  . .    91

p r o d u c t i o n  o f  c a s t i n g s  i n  . .  . .  46
P h o s p h i d e  E u t e c t i c , d i s p o s i t i o n  o f  .......................................................... 805
P h o s p h o r  B r o n z e  ...........................................................................  3 3 9  a n d  483
P h o s p h o r u s , i n f l u e n c e  o f  i n  p i g - i r o n ..........................................................72 8

i n f l u e n c e  o f  o n  t h e r m a l  c h a n g e s  . .  . . 2 2 4
i n f l u e n c e  o n  s h o c k  v a l u e s  f o r  c a s t  i r o n  . .  3 4 5

P i g - i r o n , a s s e s s i n g  v a l u e  o f  .......................................................................... 6 65
c h a r a c t e r i s t i c s  o f  v a r i o u s  t y p e s ..........................................7 2 7
c l a s s i f i c a t i o n  o f ............................................................................................. 22
c o l d  b l a s t ...........................................................................................................3 56
f r a c t u r e  o f ...........................................................................................................3 51
f r a c t u r e  v .  a n a l y s i s .......................................................................... 6 5 5
h i g h  s t r e n g t h  ......................................................................................... 662,
i n f l u e n c e  o f  p h o s p h o r u s  i n ....................................................... 723,
i t s  c h a r a c t e r i s t i c s  a n d  u s e s .......................................................  7 2 0 '
l i m i t s  o f  c o n s i s t e n t  m a n u f a c t u r e .......................................  6 6 4 ’
r e f i n e d  b y  s t e e l  a d d i t i o n s .......................................................... 3 5 8
s e l e c t i o n  o f  f o r  h i g h - g r a d e  c a s t i n g s  . .  . .  3 4 3

P is t o n  R i n g s ........................................................................................................................ 7 6 3 '
P i s t o n s , s u i t a b l e  m e t a l  f o r  .......................................................................... 7 6 2

i n  p e a r l i t i c  c a s t  i r o n .......................................................................  763 ;
P it o t  T u b e , f o r  c u p o l a  b l a s t  m e a s u r e m e n t  . .  1 3 6  a n d  326 ;
P r e s i d e n t , e l e c t i o n  a s  o f  R. O .  P a t t e r s o n ........................................  1 4
P r e s i d e n t i a l  A d d r e s s , b y  R . O .  P a t t e r s o n  . .  . .  2®
P r o d u c t i o n , e l i m i n a t i o n  o f  m o n o t o n y  i n ..........................................6 8 6
P u l l e y  p l a t e  p a t t e r n s  ...........................................................................................637
P y r o m e t e r s  f o r  m a l l e a b l e  c a s t i n g s  .......................................................... 672
P y r o s , u s e  a s  s t a n d a r d  a l l o y  f o r  t h e r m a l  m e a s u r e m e n t s  2 0 2

Q u a n t i t y  P r o d u c t i o n ........................................................................................................ 2 34 ;

R a m  C a s t i n g , m o u l d i n g  ...........................................................................................706
R e f r a c t o r i n e s s  o f  m o u l d i n g  s a n d s  ..........................................................767
R e m e l t i n g ,  e f f e c t  o n  c y l i n d e r  i r o n  ..........................................................551
R e s e a r c h , c o - o p e r a t i v e  ............................................................................................. 23:

c o - o p e r a t i v e ,  i n  A m e r i c a  .......................................................... 2 3 2
m e e t i n g  c o m p e t i t i o n  b y   ................................  . . 2 9

R o l l , c h i l l e d  i r o n ,  t h e r m a l  c h a n g e s  i n  ..........................................2 2 y



908

Sand (see m oulding sand.)
Scaling in  m alleable castings .........................
Science in  i n d u s t r y ...............................................
S emi-steel, for autom obile castings

for c y l i n d e r s ....................................
Shock T ests, influence of phosphorus on
Shrinkage, bottom  ...............................................
Silicide of iron, disposition o f ........................
Silicon, influence of in p ig - i r o n ........................

influence of on g rap h itisa tio n
Slush Ca s t i n g ..........................................................
Soaking of alum inium  alloys ........................
Specifications, for autom obile castings

I.B .F . T e n t a t i v e ........................
various, for cast iron

Steel Castings, a u to m o b i le ....................................
chills for ....................................
c ry s ta llisa tio n  of
denseners in  ........................
e lectric  v. converter
im puritie s  in  .........................
m anganese con ten t of .. 
pou ring  v. sh rinkage

Steel Shot for c o r e s ...............................................
Stoves, fo r b ak in g  oil san d  cores 
Strength, o b ta in in g  m axim um  in cas tings  .. 

of cas t iron
S tress calcu la tions in  cas t i r o n .........................
S ulphur in  cas t iron  . .  ....................................

influence of in  p ig - i r o n .........................
influence of on cas t iron 

T emperature control of non-ferrous cas tin g  ..
of cas tin g , effect on g ra p h ite  form

T ensile te s t, su ita b ility  o f ....................................
T est B ars, considera tion  of ...

C om m ittee on s tan d a rd isa tio n  ot 
fo r au tom obile castings
square  v. r o u n d ....................................
te sts  w ith  d ifferent sizes, various

T esting ca s t iron   ....................................
T ests, physical fo r cas t iron  .........................

In te rn a tio n a l, Com m ittee on
T hermal Analysis of cas t i r o n s .........................
T ransverse te s t resu lts  ....................................
T rustees, re-election of ....................................
T uyeres, single v. double row
T ynesiue’s no tab le  engineers .........................
V ice-P r e s id e n t s ...........................................................
W ales and M onmouth B ranch, fo rm ation  of
W arping of g u t t e r s .........................
W hite Metal, cas ting  in  pe rm anen t moulds

for b e a r i n g s ....................................
in  m arine  eng ineering  ..

W hite I ron, freezing  ran g e  o f .........................
n a tu re  of pure

'  Y  ”  A l l o y ,  c a s t i n

i o n

16

93

page

6 8 2  
30  

577  
549  
3 4 5  
24 1  
8 0 8  
7 3 0  

. 2 1 7
5 8  

. 4 6 5  

. 2 8 5
. 6 07
. 6 0 5  
. 5 79  
. 4 51  
. 4 2 4  
. 4 4 6
. 5 9 3  
. 4 2 6  
. 5 9 5  
. 5 9 4
. 5 3 4  

. .  1 8 4  
. 1 8 4  
. 5 99
. 6 1 9
. 2 3 0  
. 7 3 2  
. 3 4 5
. 1 6 5  
. 1 1 5  
. 6 0 9  

. .  2 8 2  
10

a n d  6 1 8  
. .  6 1 2  
. .  6 0 4  
. .  7 5 7
. .  5 9 9

10
. .  1 9 8  
. .  6 2 2  

1 7
a n d  3 9 8  

2

15  

.. 11 

. .  6 9 7

. .  8 9

. .  1 5 9  

. .  1 4 0

. .  4 2 8
. .  2 1 5  

. .  4 7 7





B I B L I O T E K A  G Ł O W N A  
P o lite c h n ik i Ś lą sk ie j


