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Th e Institute of 
British Fou n dry m en

ANNUAL CONFERENCE 
HELD IN LONDON.

June 15, 16 ,17 ,18 and 19, 1926.
The tw en ty -th ird  annual convention of the  In s ti

tu te  of B ritish  Foundrym en, under th e  presi
dency of Mr. V. C. F au lkner, was held in London 
from  J u n e  15 to  19, 1926, coincidently w ith  the 
In te rn a tio n a l Foundry  T rades E xhib ition , which 
la t te r  was held a t  th e  Royal A gricultura l H all from  
Ju n e  10 to 19. Conferenpes were held on 
Ju n e  16 and  17 a t  th e  Royai A gricu ltu ra l H all, 
and  during  th e  week those a ttend ing  th e  Conven
tio n  were afforded opportunities for inspecting a 
la rge  num ber of works around London. The Con
vention  opened with a reception a.t th e  Spring 
G ardens Gallery, S pring G ardens, T rafa lgar 
Square, on Tuesday, Ju n e  15.

A fea tu re  of th e  Convention was th e  large num 
ber of foreign delegates who a ttended .

W EDNESDAY, JUNE 16
The business of th e  Convention opened on W ed

nesday, Ju n e  16, when th e  members and dele
gates were welcomed by th e  R t. H on. A rth u r 
H enderson, P .C ., M .P .

M b . J .  O a m e b o n , J .P .  (the re tir in g  P residen t 
of th e  In s titu te ) , who presided a t  th e  opening of 
the  proceedings, in troduced M r. H enderson, whom, 
he said , was a real foundrym an, having been a 
m oulder for a num ber of years.

M b . A e t h t jb  H b n d e e s o n  said  i t  afforded him 
unqualified pleasure to  welcome sincerely th e  mem
bers of the In s titu te  and the  delegates to  the 
C onvention. A fte r some am using speculations as 
to  th e  reason why he had  been asked to  extend 
a  welcome to  them , he said he had come to  the 
conclusion th a t  the reason why th e  Convention 
Comm ittee had  conferred th a t  honour upon him 
was th a t  he him self was a p roduct of the  iron
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foundry— (applause)—and th a t ,  before he had  
devoted  so m uch of a very  long public life to the 
m oulding of public opinion, i t  had  been his busi
ness to  mould castings. In  fac t, in  foundry  p a r
lance, he was a “ sand  r a t , ”  or, in  th e  more polite 
language of the  p resen t day., an  “  a r t is t  in  s a n d .” 
H e h ad  been in te re sted  to  lea rn  th a t  m orn ing  th a t  
th e  chain of office w orn by th e  P res id en t had been 
presen ted  to  th e  In s ti tu te  by one who had  been his 
forem an in  th e  foundry , nam ely, M r. W . M ayer (a 
p a s t  ̂ President), probably one of th e  m ost capable 
m en in  th e  iron-founding  in d u s try  th a t  he had 
ever m et. All these facts had  added to  th e  
p leasure which his presence a t  th e  Conven
tion  had  afforded him . D ealing  w ith  th e  aim s 
and  achievem ents of th e  In s ti tu te  of B ritish  Foun- 
drym en, he said th a t  in  h is judgm en t its g rea te st 
im portance lay in  th e  fa c t th a t  i t  was concerned 
w ith th e  w elfare of an  im p o rtan t in d u stry , and  
aim ed a t  th e  academic, techn ica l and  p rac tica l 
im provem ent of its members. In  these days rule- 
of-thum b, haphazard , hand-to-m outh  methods of 
conducting  business or tra d e  could n o t possibly 
lead to  success. One of th e  draw backs fo r which 
th e  large-scale use of m achinery  in  in d u s try  was 
responsible was th a t  i t  tended  to  re s tra in  th e  free 
play  of ind iv iduality , and som etimes failed  to  pro
vide th e  men engaged in  industry  w ith  th e  oppor
tu n itie s  for becoming real a rtis ts . All good work
m anship  was a r t ;  in  all occupations th e re  should 
be room fo r good w orkm anship, and  th e  fu llest 
inducem ents should be offered fo r its  encourage
m ent. How profoundly t r u e  i t  rem ained  th a t 
m any workmen connected w ith  m odern industry  
w ere no longer pe rm itted  to  express those in
stinc ts  and  impulses which gave th e  craftsm en of 
ea rlie r years so much p ride  and satisfaction  in 
th e ir  work, th a t  feeling  of p rofound satisfaction 
which a  w orkm an derived from  th e  consciousness 
th a t  he had  produced an in trin sica lly  beautiful 
th in g  by his own hands. The only satisfaction 
which m any workmen enjoyed in  these days was 
th a t  of knowing th a t  they  had performed a mech
anical o r ro u tin e  task  as well as i t  could be p e r
form ed Surely i t  m ust be adm itted  th a t  th is  
process had  had to  some ex ten t a dem oralising 
effect. I t  checked the developm ent of personality ,
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i t  discouraged the stud}' of technical subjects, and 
i t  p revented  th e  grow th of a leg itim ate  am bition 
to  foster and m a in ta in  the s ta tu s  of craftsm an
ship. I t  was the work of the  In s titu te  of B ritish  
Foundrym en to  p revent, by proper education, the 
d e te rio ra tio n  to  which he had referred . M ore
over, th e  increasing  difficulties and complica
tions of in d u s tria l and commercial life demanded 
from  all classes of officials and workmen 
the  highest s ta n d a rd  of education , and unless 
care  was exercised the  am azing development 
of m echanical inventions, standard isa tion  and 
mass production  m igh t lead to a more complete 
serv itude  and  subord ination  of the  m an to  the 
m achine. To the  A m erican visitors he would say 
—w ithou t w ishing to  be in  th e  sligh test degree 
c ritica l—th a t  th e  one th in g  which had impressed 
him  more th a n  any o ther du ring  a v is it to  th e  
U nited  'S tates a t  th e  end  of la s t year was th is 
danger. He had  seen the system of repetition  and 
mass p roduction  m ade so perfect th a t  he could 
n o t b u t exclaim  th a t  in  th a t  system the m an was 
supplem entary  to  th e  m achine and th e  autom atic 
process in stead  of the  m achine and th e  auto
m atic  process being supplem entary  to  the 
m an. In  m odern history  we should aim not 
only a t  ra ising  the  s tan d ard  of intelligence 
b u t of developing the  la te n t forces of char
ac te r and  of personality . In  saying th is he did 
no t for a m om ent deny the u ti li ta r ia n  significance 
of education, bu t wished to  emphasise th a t  in 
m any respects we were still technically an ill- 
educated  people, and th e  stage had probably been 
reached in our economic developm ent when failu re  
to  achieve more efficient education on th e  lines 
he had  suggested m ight lead, no t to  progress, but 
to retrogression. Moreover, i t  could no t be denied, 
having regard  to  the  keenness of th e  competition 
of th e  age, th a t  a h igher s tan d a rd  of education 
was absolutely essential in  any producing country 
if th a t  country  were to  keep abreast of its com
petito rs. H e offered his sincere congratu lations 
to  th e  In s ti tu te  because of its educational efforts, 
so v ita l to th e  economic and even to  the sp iritua l 
developm ent of its members.

R eferring  to th e  system of p resenting  exchange 
papers on technical foundry problems w ritten  by

b 2
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th e  rep resen ta tives of d ifferent countries, and th e  
fac t th a t  th e re  were p resen t a la rge  num ber of 
rep resen ta tives from  various countries, he said 
th a t  papers w ere to  be read  a t  th e  C onvention by 
au thors in Am erica, F ran ce  and  Belgium, and 
th a t  since th e  idea of exchanging papers between 
th e  d ifferent countries had  been in au g u ra ted  
more th an  fifty papers had  passed. This was all 
to th e  good. No longer could tra d e  and  commerce 
be regarded  as a local or even a na tio n a l con
cern, and for th a t  reason he extended, on behalf 
of th e  m em bers of th e  In s titu te , a  h ea rty  welcome 
to  the foreign delegates p resen t. T rade, he said, 
was world-wide. O ur raw  m ateria ls  flowed in to  
th is  country  from  th e  rem otest p a rts  of th e  e a r th  ; 
our food was grown under foreign skies ; and  the  
p roducts of our mills, factories and  workshops 
were used by th e  peoples of every land. The 
e a rth  was a  store-house, and  all th e  nations of 
th e  e a rth  were ou r custom ers. R ecent years had 
witnessed a serious and unprecedented  d istu rbance 
of th e  economic balance betw een nations. Every  
country  was now striv ing , and righ tly  so, to  con
c en tra te  its  productive energies upon th e  recovery 
of lost ground, seeking, by increased production, 
to  become again  prosperous, stable and secure. 
H av ing  regard  to  these thing6, surely he was 
r ig h t in saying th a t  any In s titu tio n  th a t  brought 
m en together for th e  pooling of th e ir  ideas, the 
in terchange of th e ir  views, th e  removal and avoid
ance of m isunderstandings, and th e  streng then
ing of ties of friendship , deserved every encourage
m ent. Therefore, he had  th e  g rea test possible 
p leasure in  extending , no t only to  the  members 
of th e  In s titu te , b u t to  v isito rs from overseas, a 
most sincere welcome, and exnressed the hope 
th a t  th e ir  deliberations would be highly successful.

Presentation of the “ O liver Stubbs ” Cold Medal.
The Oliver Stubbs Gold M edal, awarded for o u t

s tand ing  work on behalf of the  foundry  industry , 
was presen ted  to  M r. A. R . B a r tle tt  (P ast-P resi- 
d en t of the  London B ranch).

M r. C a m e r o n  paid  a tr ib u te  to  th e  d istinguished 
work which Mr. B a r tle tt  had done in connection 
w ith th e  industry , and said th a t  lie was indeed a 
worthy recip ient.

M r . H e n d e r s o n  p r e s e n t e d  t h e  m e d a l ,  a n d  s a i d
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he had no doubt in his oirn m ind th a t  i t  was the 
rew ard of real m erit.

M r . B a r t l e t t  re tu rn in g  thanks for the honour 
conferred  upon him , said th a t  in  connection w ith 
th e  work he had  tr ied  to  do for th e  benefit of the 
In s ti tu te  arid th e  industry  he had  no t been 
influenced by self-in terest. T h a t work had been 
done, fo r th e  m ost p a rt , before the  O liver Stubbs 
M edal was in s titu ted , and  he assured his hearers 
th a t  in  th e  fu tu re , as in  the  past, he would 
endeavour to  im p art his knowledge and experi
ence to  his fellow-members in th e  In s titu te  and 
the trad e .

Vote of Thanks to  Mr. Henderson.
M r . O l i v e r  S t u b b s  (P as t-P residen t of the 

In s titu te )  proposed a  vote of thanks to  Mr. 
H enderson fo r hav ing  extended a  welcome to  the 
mem bers and  delegates, and  for having delivered 
such an  excellent address. M r. H enderson’s 
career, he said, was an  exam ple of w hat one could 
do if one tr ied , and  he hoped th a t  o ther members 
of h is T rade  U nion E xecutive would em ulate his 
exam ple and  accept in v ita tions to  a tten d  th e  con. 
ferences of th e  In s titu te . The members of the 
In s titu te  were anxious to  develop and  m ain tain  
good-fellowship, and so clear away some of the 
troubles th a t  existed a t  present.

M r. Y . C. F a u l k n e r  (P residen t D esignate), 
seconding, said th a t  th e  In s titu te  was deeply 
indebted  to  M r. H enderson because he fe lt sure 
th a t  when his message reached the  foundrym en 
of G reat B rita in  they  would tak e  a g rea t deal of 
notice of it , and  would be able to en te r the  ranks 
of the In s ti tu te  w ith  the knowledge th a t  th e ir 
g rea t leader had said they  should do so.

M r . C a m e r o n , supporting  the  vote of thanks, 
also expressed indebtedness to  M r. H enderson for 
his though tfu l address and  for the welcome he had 
extended to  the  members. H e thanked  him for 
having appreciated  so exactly  w hat the  In s titu te  
really  stood for, i.e ., to  make the  craftsm an  proud 
of h is c ra f t and  of his work, and to  encourage 
those social m eetings and in terchanges of experi
ence which were so valuable.

Mr. Henderson Elected an H onorary Life M ember.
M r . C a m e r o n  th en  proposed th a t  the In s titu te  

should honour itself by electing M r. H enderson 
an honorary life member.
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The proposal was g ree ted  w ith  enthusiasm , and 
M r. H enderson was unanim ously elected.

Mb. H e n d e r s o n , expressing his appreciation , 
said th a t  no g rea te r rew ard could come to  a 
public rep resen ta tive  th a n  th e  spontaneous ex
pression of th an k s to  which th e  mem bers of the 
In s ti tu te  had  given u tte ran ce . H e had  been 
honoured in  being p erm itted  to  be p re s e n t; he had 
renew ed old associations, and  had  fe lt th a t  he 
could no t res ist the in v ita tio n  extended  to  him. 
Speaking of th e  six teen  years which he had 
devoted to  foundry  work, he said th a t  d u rin g  the 
whole of his career he had  never reg re tted  it . I t  
had  certa in ly  given him  a  knowledge of a  very 
im p o rtan t tra d e , and  had  b rough t h im  in to  close 
con tac t w ith th e  w orking classes, whom he tried  
so h a rd  to  benefit du rin g  th e  la te r  years of his 
life . H e would be glad to  exercise any influence 
he m igjit have upon his fellows in  the  iron-found
ing in d u stry  and  the m em bers of th e  organisaton 
whose official he had  been fo r 42 years o u t of 43 
years of mem bership. F o r 23 years he had  repre
sented  the  m oulders in  th e  H ouse of Commons, 
and  th a t  was one of the  achievem ents th a t  he 
valued highly. I t  was ou t of th e  m oulders’ union 
th a t  his opportun ities had  come, th e  mem bers of 
th a t  un ion  hav ing  inv ited  him  to  become a  P arlia 
m en ta ry  candidate  in  1902. In  1903 he was sent 
to  the  H ouse of Commons as th e ir  representative.

The Annual General Meeting.
The business of th e  an n u a l general meeting 

was then  proceeded with.
The m inutes of the  la s t annual general meeting, 

held in  Glasgow on Ju n e  10, 1925, were read, con
firmed and signed.

The annua l rep o rt of th e  G eneral Council for 
the  session 1925-26, and  the  accounts for the year 
ended D ecember 31, 1925, were adopted by the 
m eeting  w ithou t discussion.

ANNUAL REPORT OF THE GENERAL COUNCIL.

The G eneral Council have pleasure in p resen t
ing to  th e  members th e ir  R eport of th e  progress 
and  work of the In s ti tu te  during th e  p a s t Ses
sion, 1925-26.



Three G eneral Council m eetings have been held 
d u rin g  th e  session a t  York, London and  B irm ing
ham  respectively. R epresen tatives of th e  Branches 
from  all p a r ts  of the  coun trv  have a ttended  th e  
meetings, and  th e re  has been au average a tten d 
ance of tw enty-six.

The respective Branches have th e  following 
mem bers a tta c h e d : —

Birm ingham , 
Coventry, and 

W. M idlands 
E a st Midlands 
Lancashire . .  
London  
Newcastle . .  
S cottish  
Sheffield 
W est Ridir- 

Yorks.
W ales and Mon.
M iddlesbrough
General

of

Associate

122 (81) 
52 (54) 

187 (197) 
77 (68) 
72 (86) 

112 (114) 
89 (88)

45 (50) 
12 ( 12) 
19 

3 (44)

. .  72 (48) 
. .  31 (32) 
..1 0 3 (1 0 5 )  
. .  92 (75) 
. .  76 (SO)
. .  50 (54) 
. 83 (85)

..  28  (34) 

. .  18 (19) 

. .  19

. .  26 (47)

598 (5 7 9 ) 7 9 0 (7 9 4 ) 186 (161 ) 1574(1534)

Associates. Total.

22 (14) 216 (143)
5 (8) 88 (94)
8 (9) 298 (311)

10 (12) 179 (155)
88 (76) 236 (242)
30 (26) 192 (194)
11 (12) 183 (185)

2 (— ) 75 (84)
3 (— ) 33 (31)
7 45

(4) 29 (95)

The figures in  brackets are for the Session 1924-1925.

The to ta l num ber of members on th e  roll of the 
In s titu te  on A pril 30, 1926, was 1,574. The 
members will be pleased to  learn  th a t  a new 
B ranch has been opened a t M iddlesbrough, which 
promises to  be very successful, and th e  B irm ing
ham  and  C oventry Branches have now joined 
forces u nder th e  ti t le  o f th e  B irm ingham , Coven
try  and W est M idland B ranch. The Council re 
g re t to have to  repo rt th a t  six deaths have taken  
place during  th e  year.

The members would learn  w ith  reg re t of the 
death  in Ju ly  last of M r. T. H . F ir th , who was 
P residen t of th is  In s ti tu te  in  1918. M r. F ir th  was 
also a tru s te e  and took a  very keen in te rest in 
everything app erta in in g  to  the  w elfare of the 
In s titu te .

Annual Conference, 1926.

This will be held on Ju n e  16, 17, 18 and 19 a t 
th e  Royal A gricu ltu ra l H all, Islington, London, 
X .l, by th e  k ind  perm ission of Messrs. F . W. 
Bridges and Sons (organisers of th e  Foundry  and 
Allied T rades E xhibition).
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“ O liver Stubbs ” Gold M edal.
The fo u rth  m odal was aw arded to  M r. A. Cam

pion, of th e  Scottish  B ranch, fo r m eritorious 
services rendered  to  the  In s ti tu te  over a  period of 
m any years.

D iplom as.
These have been aw arded to  th e  following for 

Papers read  a t  m e e tin g s :— D. W ilkinson," Bir
m ingham  ; J .  W . F r ie r , N ewcastle-on-Tyne ; H. 
Jow ett, B urn ley ; F . C. E dw ards, B irm ingham , 
fo r P ap e r read  before th e  E a s t M idlands Branch.

G eneral Council.
The mem bers who re t i r e  in  accordance w ith  the 

rules a re  : Messrs. A. R . B a r tle tt ,  W esley Lam
bert, H . Pem berton  and J .  Shaw. Messrs. A. B. 
B a rtle tt , Wesley L am bert, H . Pem berton  and J. 
Shaw  offer them selves for re-election. F o u r mem
bers will requ ire  to  be elected a t  th e  London Con
ference to  com plete th e  te n  m em bers as provided 
for in  th e  bye-laws.

Standardisation of Test Bars.
Y our com m ittee have n o t m et d u rin g  th e  year 

on account of th e  B .E .S .A . n o t hav ing  concluded 
its  s ittin g s. I t  m ay now be ta k e n  for granted 
th a t  m ost of th e  clauses se t fo r th  in  th e  I.B .F . 
te n ta tiv e  specification will be adopted . The chief 
o u ts tan d in g  p o in t is th e  proposal th a t  the  bars 
be geom etrically p roportional. This, while scien
tifically correct for a homogeneous m ateria l, does 
n o t hold good for a m eta l like cas t iron. I t  is 
qu ite  probable th a t  before th e  Conference is held 
th a t  difference of opinion will be over. Once the 
B .E .S .A . agrees to  accept a  specification the way 
will he open for your com m ittee to  meet and sub
m it proposals for th e  In te rn a tio n a l Convention to 
be held a t  D e tro it in  Septem ber next.

B ritish  Cast Iron Research Association.
The p a s t year has been a  very  momentous one 

in  th e  h isto ry  of th e  A ssociation. I t  was re 
ported  in the  last conference programme th a t  a 
laboratory  had been acquired in which ce rta in  
investigations and tes ts  could be conducted. 
D uring  the  p a s t year an am algam ation has been 
effected betw een the  Association and th e  F o u n 
dry  Technical In s titu te , F alk irk , which provides 
th e  A ssociation w ith laboratories in Scotland, and
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w ith  a group of new members in th e  im portan t
g h t castings section of the  industry . The Asso 

c iation  has m ade considerable progress with its'
d u rin e ’ thPe 0ge am T  a,\d th€ num ber of members 
some of +bo has also increased considerably,
in^uentiat charalitm '0111 ^  ° f “  «— A

The five-year period during  which th e  Associa-

e X°pirIsaSi , f UTa ra n  +SUpPi>rt by H  M - «OTOrnm ent 
in i  ml J u n e ,.nexÎ,. an d pursu ing  its usual plan 

such cases th e  G overnm ent set up a small 
expert and im p artia l com m ittee to  m ake a 
thorough exam ination  of th e  work of the  Associa
tio n  a t  all places where work was being carried 
ou t, both a t  th e  headquarters offioes, th e  labora
to ries a t  B irm ingham  and F alk irk , and a t  the  
u n iversities and nationa l in s titu tions where re
search work is done. The repo rt prepared by the  
inspectors has been tran sm itted  by th e  D epart
m ent of Scientific and In d u s tria l Research to the 
A ssociation, and th is  is a  confidential docum ent 
no t for publication . I t  has been circulated to 
the members, and any founder seriously contem
p la tin g  m em bership will be forw arded à copy on 
application .

I t  can, however, be said th a t  th e  repo rt is of 
such a highly favourable character- th a t  the  
departm en t lias had no hesita tion  in asking the 
G overnm ent to  continue its  support for a 
fu r th e r  period of five years on exception
ally favourable term s, and have been so 
arranged  to  m ake i t  advantageous fo r the  
Association to  get the  m axim um  possible sup
p o rt from  th e  industry . Every developm ent 
which has tak en  place since th e  Association 
was organised on a stable basis has received the 
cordial approval of th e  inspectors and  th e  d epart
m ent, and th e  council now feels th a t  th e  Asso
ciation  is on a perm anen t and stable basis and 
can look forw ard to  a highly prom ising fu tu re . 
The council, therefore , confidently hopes th a t  with 
th e  im provem ent of tra d in g  conditions member
ship will be extended am ong all producers of grey 
and malleable iron, w hether eng ineering  works 
or jobbing foundries, and  also on th e  p a r t  of th e  
blast furnace p lan ts producing foundry pig-iron.

The annual subscription for th e  services ren 
dered is extrem ely small, and is th e  sole charge
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mad© by the  Association. I t  can be tre a te d  by 
member firms as a business expense n o t subject 
to  income ta x . The A ssociation expends solely 
for th e  benefit of members some £8,000 per 
annum .

A m erican Foundrym en’s A ssociation.
I t  is an tic ip a ted  th a t  a large delegation will 

a tte n d  th e  second In te rn a tio n a l Foundrym en’s 
Congress a t  D etro it, U .S .A ., n ex t au tum n . About 
twelve E uropean  coun tries will be represented. 
E xchange Papers will be presen ted  by th e  Foun
d ry  Associations of G reat B rita in , F ran ce , Bel
gium , Germ any, and Czecho-Slovakia. Nearly 
six ty  A m erican foundries have offered to open 
th e ir  works fo r inspection by th e  fo reign  dele
gates.

J o h n  C a m e r o n ,  President.
W . G. H o l l i n w o r t h , General Secretary.'

The accounts and  balance sheet a re  presented 
herew ith  : —

B alance Sheet.
INCOME & EXPENDITURE ACCOUNT.

E x p e n d it u r e .
Postages
Printing and Stationery, including Printing 

of Proceedings 
Council, Fifiance and Annual Meeting Ex

penses 
Illuminated Address 
Branch Expenses—

Lancashire . .  . .  £112 2 9
Birmingham . . . . 102 18 6
Scottish ..  . . . .  88 4 11
S h effie ld   91 11 1
London . . . . . .  47 5 7
East Midlands . . . . 24 5 10
Newcastle . . . .  78 14 1
West Riding of Yorkshire 15 3 1
Wales and Monmouth ..  26 16 2

£ S. d.
87 2 0

513 0 7

48 17 7
10 10 0

Audit Pee 
Incidental Expenses 
Salaries-—Secretary and Clerk 
Rent of Office 
Depreciation of Furniture

587 2 0 
6 6 0 

17 7 0
400 0 0 

65 0 0
8 10 9

£1,743 15 11
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I n c o m e .
Subscriptions Received 
Sale of Proceedings, etc.
Interest on War Loan and Cash on 
Surplus Surtees Memorial Fund 
Surplus from Coventry Branch

Excess of Expenditure over Income

L ia b il it ie s . 
Subscriptions paid in advance 
Sundry Creditors 
The Oliver Stubbs Medal Fund- 

Balance from last Account 
Interest to Bate

£ s.

206 18 
8 13

Less : Cost of Medal . 9

Surplus at December 31st, 1924 999 14  6
Less : Excess of Expenditure 
over Income for the year 
ended December 31st, 1925 13 9

£ s. d.
1,677 2 6

6 11 6
isit 32 15 10

10 I 4
3 15 9

£1,730 6 11
13 9 0

£1,743 15 11

d. £ s. d.
120 14 6
315 18 7

8
4

0
0

206 2 0
6

0
986 5 6

£1,629 0 7

A s s e t s . £ s. d. £ s. d.
Cash in Hands of Secretaries—

Lancashire . . . . 5 8 4
Birmingham . . . . 7 5 10
Scottish . . .. . .  0 12 7
S heffie ld ................  72 18 9
London ..  . . . . 53 1 G
East Midlands ..  . . 32 14 7
West Riding of Yorkshire 28 17 6
Newcastle . . . . 5 2 10
Wales and Monmouth . . 5 3 10

Lloyds Bank, Limited— 
General Account 
Deposit Account

Oliver Stubbs Medal Fund— 
£342 5s. 7d. Local Loans £3 

per cent. Stock at cost.. 
Balance in hands of Lloyds 

Bank, Ltd. . .  . .

302
400

200 0 0

6 2 0

211

702 6 3

206 2 0
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A s s e t s .— Continued.
£ s. d. £ s. d.

Investment Account—
£100 5% National War 

Bonds, £350 5% War
Loan a t Cost 

Furniture, Fittings and Fixtures
432 10 1

Per last Account 85 7 3 
8 10 9Less : Depreciation 10%

76 16 6

£1,629 0 7

We have prepared and audited the above Balance 
sheet with the Books and Vouchers of the Institute and 
certify same to be in accordance therewith.

(Signed) 
j .  & A. W. S u l l y  & Co., 

Chartered Accountants, 
Auditors.

M r. C a m e r o n , in  hand ing  over th e  office of 
P res id en t to  M r. V. G. .Faulkner, sa id  how much 
he had  enjoyed th e  t r u s t  which the mem bers of 
th e  In s ti tu te  had  imposed upon him  d u rin g  the 
p a s t year. H e  had  tr ie d  to  do his best to  m ain
ta in  th e  trad itio n s  of th a t  office. D uring  the 
year he had v isited  nearly  all th e  B ranches of the 
In s titu te , and  had  been fo r tu n a te , as few Presi
den ts had  been fo rtu n a te , in  hav ing  a most h a r
monious and  splendid Council to  work with. In  
h a n d in g  over the  office to  h is successor, he said 
th a t  M r. F au lk n e r came em inently  qualified to 
hold such a p o sitio n ; he was a tra in ed  m etal
lu rg is t, an  ex p e rt jo u rn a lis t, and  had  made his 
m ark  in the foundry  industry . As E d ito r of T h e  
F o u n d r y  T r a d e  J o u r n a l  he had  m ade th a t paper 
a success; indeed, he had  m ade such a success of 
i t  th a t  i t  was absolutely indispensable to every 
up-to-date foundrym an to-day. T h a t was due to  
M r. F au lk n e r’s ab ility  and his enthusiasm  for the  
foundry  business.

M r. F a u l k n e r  th en  assumed the chain of office 
and  form ally occupied th e  chair, amid prolonged 
applause. H e expressed his deep consciousness'of 
the honour conferred upon him, and of th e  work 
the  office involved, b u t expressed the  hope th a t

Induction of the New President.
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when in dustria l conditions se ttled  down the In s ti
tu te  could look forw ard to a prosperous year. He 
knew he would have the fu ll support of the Past- 
P res iden ts and V ice-Presidents.

The New Vice-Presidents.
M r. J .  T. Goodwin and M r. S. H . Russell were 

unanim ously elected Senior and Ju n io r Vice- 
P res iden t respectively. The election of Mr. 
Goodwin was proposed by the  P res iden t and 
seconded by M r. R . O. P a tte rso n  (P ast-P residen t); 
th a t  of Mr. Russell was proposed by Mr. Goodwin 
and seconded by M r. F . J .  Cook (P ast-P residen t).

M em bers of Council.
The resu lt of th e  ballot for four members to 

serve on the  general Council, to  fill vacancies 
caused by re tirem en t, was the re-election of the 
following M r. A. R . B a rtle tt (London), Mr. 
Wesley L am bert (London), M r. H . Pem berton 
(E ast M idlands), and  M r. J .  'Shaw (Sheffield).

Trustees.
On the proposition of Mr. G. E. Roberts, 

seconded by M r. W . Jolly , the  trustees were 
re-elected. They are M r. Oliver Stubbs (Past- 
P residen t), M r. F . J .  Cook (Past-P residen t), and 
M r. R . O. P a tte rso n  (P ast-P residen t).

D iplom as.
The recom m endations of the Awards Committee 

th a t  M ajor A ppleyard (Newcastle), Mr. M. J .  
Cooper (London), M r. J .  R . H yde (Sheffield), Mr. 
J .  Longden (Paisley), M r. W. W est (Burnley), 
and M r. A. J .  R ichm an (Lancs) should receive 
the D iploma of the In s titu te  was agreed to.

Vote of Thanks to the Retiring President.
The P r e s id e n t  proposed a vote of thanks to  Mr. 

Cameron for his services as P res iden t of the  In s ti
tu te  d u ring  the  past year. The office of P resi
den t, he said, en tailed  a good deal of travelling  ; 
inasm uch as M r. C am eron lived in Glasgow, it  
would be impossible to  choose a P residen t who 
would have more travelling  to  do, but, a t the 
same tim e, the In s titu te  could no t have chosen 
a P res iden t who would have done i t  more 
willingly. He m ust have travelled m any thousands
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of miles on the  In s t i tu te ’s business, and  d u ring  
the  y ear had  v isited  every B ranch  of th e  In s ti
tu te , w ith  th e  exception of th e  E a s t M idlands 
B ra n c h ; also, he had  conducted the  affairs of the  
In s ti tu te  expeditiously, and  u n d er th e  happ iest 
conditions.

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

New M edal for P ast-P residents.

The P r e s id e n t  th en  announced th a t  i t  had  been 
decided to  p resen t to  P res iden ts  of th e  In s titu te , 
on th e  com pletion of th e ir  y ear of office, a 
souvenir in  the  shape of a  gold m edal, in s tead  of 
an  illum inated  address, as had  been th e  practice  
in th e  past. I t  was fe lt th a t  P ast-P res id en ts  
would p re fe r to  have a  m edal. H e p resen ted  both 
to M r. Oameron and  to  M r. E . O. P a tte rso n  (M r. 
C am eron’s im m ediate predecessor) a  m edal as a 
mem ento of th e ir  year of office.

M r . C a m e r o n ,  responding to  th e  vote of thanks, 
adm itted  th a t  w hilst i t  was a re lief to  hand  over 
the  responsibility  of office, he d id  so w ith  a tinge  
of reg re t, because he had  so m uch enjoyed the  
confidence and  t r u s t  w hich th e  m em bers had 
imposed in him . H e had  also enjoyed working 
on behalf of th e  In s titu te , and  as th e  re su lt of 
being priv ileged to  hold th e  position of P res iden t, 
he fe lt him self bound more closely th a n  ever to  its 
mem bers and its  aim s H e re tu rn ed  thanks for 
the  m edal which had  been p resen ted  to  him .

Mr . P a t t e r s o n ,  who also re tu rn ed  thanks , said 
th a t  th e  m edal would rem ain  w ith  h im  through 
all his life as a very  happy  m em ento of his year 
of office.

PRESIDENTIAL AD D R E SS.
The P r e s i d e n t  then  delivered his address as 

follow s: —
G entlem en,— I th a n k  you m ost sincerely for the 

honour which you have ju s t  conferred  upon me 
by elec ting  me your p residen t, b u t w ith th is sense 
of apprecia tion  th e re  is m ingled a feeling of 
doubt as to  my ab ility  to  c a rry  on the  work of 
th e  In s ti tu te  in  so efficient a  m annei as my imme
d ia te  predecessors. In  recen t years they  have 
been large  em ployers of labour and possessed



15

proved business ability . I  regard  my election not 
as a personal one, but perhaps a too-generous 
recognition  of th e  work of th e  London Branch 
d u ring  th e  la s t few years, and I  should have 
h esita ted  to  assume th is  office, which becomes more 
onerous each year, had  I no t th e  knowledge of the 
en thusiastic  support of both th is B ranch and the 
G eneral Council.

M em bership D istribution.
In  recen t years th e  In s titu te  has tak en  its place 

as one of th e  leading technical o rganisations of 
th e  c o u n try ; its  work is studied and quoted by 
th e  w orld’s leading technicians. I ts  membership 
n o t only includes B ritish  living in  all p a rts  of the 
world, b u t Am ericans, French, Spaniards, Ita lian s, 
Czecks, Belgians, and th e  tim e has arrived 
seriously to  consider w hether Germans should not 
also be adm itted , as Science knows no boundaries.

W idening the Scope of the Institute.
A study  of th e  topographical d is tribu tion  of the 

m em bership reveals th a t  the  excellent system of 
o rganising branches in  th e  various d is tric ts  con
ta in in g  a fa ir  num ber of foundries has resulted 
in a  curious s itu a tio n . Conditions are  now such 
th a t  th e  In s titu te  is expected to provide a  brancii 
w herever two o r th ree  foundries ex is t in  one com
m unity . T he propaganda of the In s titu te  m ust 
be so d irected  and th e  conduct of its  affairs is 
so arranged  th a t  i t  is definitely advantageous fo r a 
foundrym an—no m a tte r  where he is residing—to 
associate him self w ith  th e  In s titu te . An obvious 
suggestion is th a t  the re  should be two meetings 
annually , one to  be in  London and to  be devoted 
purely to  th e  read ing  of technical papers, and the 
second to  be in th e  provinces o r abroad and to 
tak e  th e  form  now so well established.

M eeting M odern Necessities.
The isolated foundrym an, w hether a t home or 

abroad, will dem and two types of papers—the 
m etallurgical and th e  practical. About th e  la tte r  
a c e rta in  am ount of confusion is apparen t, trace
able to  th e  p la titu d e  which enunciates th a t  
“  w hat is one m an’s m eat is ano ther m an’s poison.” 
I t  is suggested th a t  in  th e  p repara tion  of such 
papers authors should endeavour (1) to elim inate
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a,s m any ind e te rm in a te  expressions, such as 
“ on the hot, soft o r dry, side, and  the  lik e .” 
The work done in  th e  foundries of th e  world 
is of such a  diverse ch a rac te r th a t  such expressions 
do n o t adm it of un iversal tra n s la tio n  and  app lica
tio n  ; (2) to  deal w ith underly ing  basic p rincip les 
and  to  record th e  successful or unsuccessful m aking  
of any p a rtic u la r  type  of casting  as an exam ple 
of those p rin c ip les ; and  (3) to  re ta in  as m any 
of h is  sam ples as possible, so th a t  if an aspect 
requires e ith e r added m eta llu rg ica l o r eng inee ring  
work fo r confirm ation, they  are  available. A t th e  
m om ent, th e re  exists a  v a s t am ount of excellent 
p rac tica l theses on foundry  topics which dem and 
co-ordination  w ith  special reference to  underly ing  
principles. A t th e  m om ent they  rep re sen t th e  
g rea te s t uned ited  collection of con trad ic tions th e  
world has ever seen.

M etallurgical and P hysical Research.
F oundry  in d u s try  is u rgen tly  re q u irin g  a  num 

ber of constan ts from  which re liab le  calculations 
can be m ade, arid th e re  ex is t two schools of th o u g h t 
as to  whose business i t  is to  occupy them selves 
w ith  th is  work of a  fu ndam en ta l ch aracter. One 
section insists th a t  ih is  work should be carried  
o u t by th e  B ritish  O ast Iro n  R esearch Associa
tio n  and  an o th er th e  N ationa l Physical L abora
to ry . Logically, we believe i t  is m ore th e  work 
of th e  la t te r  u n ti l such tim e as th e  form er has 
enrolled 100 p e r cent, of iron  foundries of G reat 
B rita in . A gain, if  an  a p p a ra tu s  has been estab 
lished for de term in ing  th e  specific h e a t of cast 
iron  a t  1,200 deg. C ., i t  is also probably suitable 
fo r sim ilar de term inations on non-ferrous m etals 
and  would th u s  he ou tside th e  scope of th e  B ritish 
O ast Iro n  R esearch Association. Thus on the 
grounds of economy w ork of th is  ty p e  should be 
delegated  to  th e  N ationa l Physical Laboratory, 
which co-operates w ith  m ost o ther research 
o rgan isations. I t  should be rem em bered th a t  being 
a  key in d u stry  any progress m ade by the foundry 
industry  does in  vary in g  degrees affect every 
o ther industry .

A Key Industry.
D uring  th e  w ar G rea t B rita in  discovered th a t  

its  tex tile  in d u stry  was basically jeopardised be
cause i t  w as to  a  la rge  e x te n t dependent on 
G erm any fo r its  dyes. I t  will be rem embered t h a t ’
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th e  G overnm ent were considerably pertu rbed  over 
th e  s itu a tio n , and invested the tax p ay e rs’ money 
in  a concern formed to  create  w hat was designated 
a  key industry . Supposing for a m om ent th a t  th e  
engineering—civil, mechanical, electrical, agricul
tu ra l, tex tile , m ining, railw ay, m arine, automobile, 
constructional, p rin te rs , chemical, san ita ry  and do
mestic— industries had  been dependent on Germany 
for th e ir  castings, th en  ou r value as an  ally of 
F ran ce  would have been about as useful as th a t  
of an  obscure South A m erican Republic.

Y et to-day, we doubt if th e  G overnm ent 01* any 
o ther rep resen ta tiv e  body recognises th e  industries 
th e  In s ti tu te  represen ts as being of “  key ” char
ac te r. As a separa te  en tity  i t  does not exist.

Lack of Basic Statistics.
T he am ount of “ r a w ”  m ateria ls  i t  uses or 

im ports are  unknow n, w hilst the  product of our 
w ork is lost in  a maze of s ta tistics, only bits 
appearing  as “ cast-iron  pipes, tubes, e tc .,”  “ elec
tr ic a l fittin g s,”  “  m achinery ,”  “ agricu ltu ral 
im plem ents,”  and “  o ther item s n o t specified.” 
Thus is B rita in ’s key of key industries neu tra l. 
I t  is alm ost en tire ly  unaw are of th e  foreign com
p e tition  i t  is expected to m eet.

Lack of Buyers’ Co-operation.
F urtherm ore , th e  industry  which should he its 

best friend—th a t  of general engineering—is often 
its worst enemy, as i t  cares b u t li tt le  beyond the 
u n fa iling  production  of a  cheap article. There is 
o ften  less sym pathy exhibited  between th e  engi
n eer’s buyer and  th e  foundry th a n  between a 
crooked bookmaker and an  im pecunious backer.

T he co rrec t way fo r th e  engineer to  assure a 
constan t supply of sound castings is to  accord 
th e  foundries th e  fu llest co-operation and confi
dence. The foundries on th e ir  p a r t  m ust be in 
a  position to  know th a t  the  prices they  subm it 
a re  based on reliab le  costing da ta , open, if neces
sary , to  inspection and to the  techncal excellence 
of product. Of th e  form er th e  In s titu te  can do 
no th ing  beyond th e  enuncia tion  of underlying 
principles, b u t for th e  la t te r  consideration they 
willingly adm it engineers as members with the 
object of th e  m utual consideration  of th e  jo in t 

ms.
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1 consider i t  essential th a t  those leaders of the  
eng ineering  in d u stry  who possess th e ir  own 
foundries m ust be ta u g h t to  realise th a t  they  
are  foundrym en. They exercise some control 
both as to  th e  wages paid  to th e  in d u s try  and 
th e  prices received for its  product, b u t judged 
by th e ir  con tribu tions to  technical discussions on 
■foundry topics they  would benefit considerably by 
associating  them selves much more closely with our 
industry .

By continued progress th e  in s t i tu te  will a t t ra c t  
to  itself th is  very  im p o rta n t ty p e  of hybrid 
foundrym an, who can do so m uch to  prom ote the 
in d u s try  as a whole. A few of th e  more 
en ligh tened  have jo ined us, and  th e ir  membership 
is extrem ely  valuable.

The Modern Foundry.

T here is a t  th e  m om ent a  d is tin c t field for men 
who can m anage efficiently any ty p e  of foundry, 
w hether i t  m akes Diesel engines o r ra in w a te r 
goods. These two extrem es have been given 
because th e  first requ irem en t for th e  form er is 
a serious m etallu rg ical knowledge and  for the 
la t te r  a  real apprecia tion  of m onetary  value of 
th e  au tom atic  han d lin g  of m ateria ls . The two 
a re  found side by side in  a  la rg e  automobile 
foundry , which I  believe constitu tes  th e  best 
tra in in g  ground for th e  p o ten tia l m anager, even 
though i t  does lack work of a heavy character. 
M ost foundrym en consider th e  jobbing shop the 
ideal school. I f  a m an’s object in  life  is to be 
an  ex p ert m oulder th e re  is l i t t le  room for doubt 
th a t  i t  could hard ly  he im proved upon. A know
ledge of m oulding, however, should no t occupy 
more th an  3 p er cent, of th e  th o u g h t o u tp u t of a 
modern foundry  m anager. H is energy  has to be 
devoted to  work of an  experim en ta l character and 
to con tro lling  th e  efficiency of h is  staff, th e  
m etal, th e  sands, the  facing, th e  machinery, th e  
hand ling  of m aterials, and  th e  costing system. 
These, combined w ith  efficient co-operation w ith  
th e  draw ing office and p a tte rn  shop will dim inish 
to  th e  lowest possible o rder th e  control of th e  
moulding, except perhaps in th e  purely jobbing 
shop.
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C o-ordination by Retrospect.
A well-known pathologist recently  sta ted  to  me 

th a t  medical science would benefit if research was 
p roh ib ited  for a few years and an inventory  was 
tak en  of ex is ting  knowledge. I  am no t a t  all 
su re  w hether th is is no t equally applicable in the 
field of m etallurgy, excepting, of course, the  pro
vision of fundam enta l da ta .

The Exhibition.
Though th e  In s ti tu te  is precluded from  indus

tr ia l  enterprises, its  London B ranch Council has 
co-operated w ith  th e  organisers of th e  E xhibition 
in th e  closest possible way on th e  technical side. 
This co-operation has been of th e  m ost cordial 
character, and I  believe i t  has resulted in getting  
together th e  finest technical E xhibition  of 
a  non-commercial character ever presented to  
th e  B ritish  F oundry  public. I ts  conception 
was due to  th e  first p residen t of the  
In s titu te , and th e  strenuous work of its 
o rgan isa tion  to  a  very distinguished com
m ittee  presided over by M r. Wesley Lam bert, 
who has devoted a g re a t am ount of tim e and 
energy to  its  collection and display. I  specially 
ask you all to  spend as much tim e as possible in 
exam in ing  these exhibits.

F inally , gentlem en, I  th an k  you most sincerely 
fo r elec ting  me as your president, and I  tru s t 
th a t  th e  experim en t of having a professional man 
instead  of a business m an to  preside over your 
m eetings will no t prove unsatisfactory .

Vote of Thanks to the President.
M r. J .  E . F l e t c h e r  proposed a vote of thanks 

to the P res id en t for his very able address. The 
members, he said, were delighted to see Mr. 
F au lk n er in the P residen tia l chair, and they all 
looked forw ard  to  a year of very g rea t usefulness. 
The P res id en tia l address had raised many in te rest
ing points, which would provide much food for 
thought.

The vote of thanks was carried  w ith acclama
tion, and the  P res id en t briefly responded.

Telegram  from  Czecho-Slovakia.
The P r e s id e n t  announced the receipt of tele

gram s from the  Am erican Foiindrym en’s Associa
tion, th e  F rench F oundrym en’s Association, and
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Professor Pisek (P resid en t of th e  Czecho-Slovak 
Foundrym en’s A ssociation), co n g ra tu la ting  him 
upon his election to  th e  P res id en tia l chair, and 
expressing th e  hope th a t  th e  In s t i tu te  would have 
a very prosperous year. The mem bers of th e  
In s titu te , he said, would be very deeply indebted  
to these Associations, and  he suggested th a t  su it
able replies be sent.

This course was agreed to.
The following P apers were read  and discussed: —
“ Q uality  in  Q u a n tit ie s” (A m erican E xchange 

P ap er), by M r. A rnold Lenz.
“  The P rac tica l U tilisa tion  of A ppara tu s for 

M easuring th e  Perm eab ility  and  Cohesion of 
M oulding Sands ”  (F rench  E xchange P ap e r) , by 
M onsieur Lemoine.

“ A Comparison of th e  R esu lts O btained W hen 
Im proving  the Tensile Q ualities of C ast I ro n  ” 
(B elgian Exchange P ap er), by M onsieur L. 
P iedboeuf.

A t the  conclusion of the  first session of th e  Con
vention, and  on the  m otion of the  P res id en t, a 
very hea rty  vote of th an k s  was accorded the 
au thors of th e  th ree  P ap ers  discussed.

LUNCHEON.
The ofiicers of the  In s ti tu te  and the  R eception 

Com m ittee were en te r ta in ed  to  luncheon on W ed
nesday a t  th e  R oyal A gricu ltu ra l H all by Messrs. 
F . W . B ridges & Sons (O rganisers of th e  E xh ib i
tion ). M r. V. C. F au lk n e r (C hairm an of the  F oun
dry  T rades’ E qu ipm en t and  Supplies Association) 
was in  th e  chair.

The Loyal T oast hav ing  been duly honoured,
C a p t a in  R . B. C r e w d s o n  (D eputy  C hairm an 

and J o in t  M anaging  D irector, In d u s tr ia l News
papers, L im ited) proposed “  The In s ti tu te  of 
B ritish  Foundrym en .”  Speaking as one who had 
recen tly  become connected, w ith  the  In s ti tu te  for 
th e  first tim e, he said i t  seemed to  him  th a t  there  
were th ree  th ings which ind icated  th a t  i t  was 
p laying its p a r t  in  th e  ind u stria l and scientific 
progress of th is  country , and playing i t  really 
well. In  th e  first place, th e  country  was faced 
w ith  a  grave in d u s tria l d ispu te , and i t  seemed to 
him  th a t ,  in stead  of bem oaning th e ir  fate and 
looking a t th in g s in  a de jec ted  fram e of m ind, the 
foundrym en were doing th e ir  very best to  use the
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tim e by im proving th e ir  g rea t industry , by study
ing its  technicalities and thereby  advancing it. 
The fac t th a t  a t  such a tim e the  Exhibition 
could have been organised, and th a t  everyone 
had been ready  to  seek out everything th a t  m ight 
help to  im prove the  industry , was a sure sign of 
how deeply and tru ly  th e  In s titu te  entered  in to  
the  well-being of the  industry , and of how tru ly  
everybody was w orking to  beep th e  B ritish  foundry 
tra d e  forem ost in  th e  world. In  the  second place, 
lie had  been very grea tly  impressed w ith th e  in te r
national aspect of th e  In s titu te . I t  was a  very 
g re a t th in g  th a t  the  In s titu te  did no t rem ain 
insu lar in  outlook. A lthough th e  practice of 
exchanging P apers w ith  th e  foundry industries of 
th is  and  o ther countries had been established only 
five years ago, he understood th a t  already sixty 
P apers had been exchanged, and th a t  those 
P apers, w ritten  by experts in F rance, Belgium, 
America and  th is  country, had been very much 
valued an d  appreciated . T hirdly, the  fa c t th a t  
the  objects of th e  In s titu te  were technical and 
social, and n o t political nor commercial, was a 
very im p o rtan t th in g ; i t  was a g rea t achievement 
th a t , a f te r  an existence of 23 years, its  aims 
should still be technical and social. He was verv 
g rea tly  im pressed, in a hum ble way, as a studen t 
of industry , w ith  th e  ideals of th e  In s titu te , to 
pool the knowledge of all engaged in the trad e— 
which, a fte r  all, was one of th e  g rea test corner 
stones of B ritish  industry—for th e  benefit of 
B ritish  industry . D ealing w ith  the  establishm ent 
of th e  In s titu te , he said th a t  i t  resulted from 
some anonymous correspondence published in  T h e  
F o u n d r y  T r a d e  J o u r n a l  23 years ago, and  th a t  
the  m an who had w ritten  th e  first le tte r  was a 
P ast-P res id en t, M r. “  Jim m ie ”  Ellis. (Mr. Ellis, 
who was p resen t a t  luncheon, was greeted w ith 
loud applause.) In  th a t  period of 23 years the 
In s ti tu te  had  accomplished som ething which many 
industries were s till s tr iv in g  to  accomplish, b u t 
could n o t; i t  had  accomplished a feeling of good
will th roughou t th e  industry , n o t only in  th is 
country, b u t abroad, a  feeling which made for 
peace in the industry  and, therefore , for its  b e tte r
m ent. I t  was, therefore , w ith hum ility—because 
th is  was th e  first tim e  he had been able to m eet 
its  members—w ith adm ira tion  for w hat i t  had
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done in th e  past, and w ith  best wishes for its 
fu tu re  success, th a t  he proposed th e  to a s t of 
“  The In s titu tio n  of B ritish  F oundry  m en.”

Mb. J o h n  O a m e e o n  (P as t-P resid en t), respond
ing, com m ented th a t  fo r th e  first tim e  in  his 
experience th e  mem bers had  been addressed by 
two gentlem en (M r. A rth u r  H enderson and  C apt. 
Crewdson), in  th e  course of one day, who had 
really  apprecia ted  w hat th e  In s ti tu te  stood, for. 
D ealing  w ith  in te rn a tio n a l re la tionsh ips, he said  
th a t  th e  In s ti tu te  had  ju s t  received an  in v ita tio n  
to  a tte n d  th e  in te rn a tio n a l ga th e rin g  to  be held a t 
B arcelona in  1928. M r. C am eron em phasised the  
value of these in te rn a tio n a l m eetings, and ex
pressed reg re t th a t  so few from  th is  co u n try  
would be able to  a tte n d  th e  In te rn a tio n a l Congress 
a t  D e tro it th is  year. I n  u rg ing  th e  mem bers to  
ta k e  advan tage  as much as possible of oppor
tu n itie s  to  v is it o ther countries, he assured them  
th a t  those visits were n o t only enjoyable, b u t also 
most instructive . D iscussing fu r th e r  th e  aim s of 
th e  In s titu te , he said how very much he had  been 
im pressed by th e  b reak ing  down of th e  old 
jealousies which had  ex isted  betw een one .firm and 
ano ther in  th e  tra d e  before th e  In s ti tu te  was 
estab lished ; th e  ac tiv ities of th e  In s t i tu te  had 
been responsible fo r th a t ,  and  founders were now 
able to  m eet together, compare notes and  ta lk  over 
th e i r  difficulties, to  th e  benefit of all. They plso 
encouraged th e ir  staffs an d  workm en to  do so. a n d  
i t  w as a pleasure to  him  to  be associated w ith  a 
body so dem ocratic in  its  basis as th e  In s ti tu te  
of B ritish  Foundrym en. F ina lly , he said  he came 
before the  mem bers th a t  day  w ith  a  clear con
science, and believed th a t  he had  handed  over the  
In s titu te  to  M r. F au lk n e r in  a very  h ea lthy  con
d ition . H e did n o t th in k  th a t  a t  any tim e had 
th e re  been so much good fellowship, so much 
serious work and  so much rea l endeavour to  ge t to 
th e  bo ttom  of th ings as a t  present. T here was a 
feeling in  the  country  th a t  i t  was now becoming 
alm ost a necessity  for a firm  to  be connected w ith 
th e  In s titu te . As th e  re su lt of a li tt le  m issionary 
expedition  to  M iddlesbrough la s t year a  branch 
had  been form ed th e re ; i t  was in  a very  healthy 
condition num erically  an d  in  enthusiasm , and  he 
fe lt sure th a t  before long M iddlesbrough would 
provide th e  In s ti tu te  w ith  a  w orthy P res iden t.



C o m m a n d e r  L . J a c k s o n  (Past-P resiilen t, Shef- 
15eld B ranch) proposed “  The C hairm an .’’ Mr. 
F au lkner, he said, was P res iden t of the  Foun
dry  T rades’ E quipm ent and Supplies Asso
ciation  as well as P residen t of th e  In s titu te , 
and all th e  members looked upon him with 
a g re a t deal of feeling and affection. H e assured 
M r. F au lk n e r th a t  he could depend in  the fu tu re  
upon the loyalty  which the members of the In s ti
tu te  had always extended to th e ir P residen ts in 
the past.

The to as t was received w ith musical honours.
T h e  C h a ir m a n , in  a brief response, said he was 

not p resen t in  his capacity  as P residen t of the 
In s titu te , b u t was ac ting  on behalf of Messrs. 
F . W . B ridges & Sons, who were the hosts. 
Therefore he proposed a to as t to the success of the 
E xh ib ition , coupling w ith  i t  th e  name of Messrs. 
Bridges.

M r. K . W. B r i d g e s  b r i e f ly  r e s p o n d e d .

Official Visit to the Exhibition.

In  the afternoon th e  members and delegates 
visited officially th e  Exhibition , and were en te r
ta ined  to  te a  by Messrs. Bridges.

INSTITUTE BANQUET.
The In s titu te  banquet was held in the Grand 

H all a t  the  H otel Cecil on W ednesday evening, 
The P res iden t (Mr. V. C. F au lkner) was in the 
chair, and there were present some 200 members 
and visitors, m any of the la t te r  from overseas. 
The company included the R t. Hon. S ir Alfred 
Mond, B a rt., P .O ., M .P . ; S ir W illiam  Larke, 
K .B .E . (D irector, N ational Federation  of Iron 
and Steel M an u fa c tu re rs ); M r. F . W. and Mr. 
Tv. W. B ridges (Messrs. F . W. Bridges & Sons, 
organisers of the In te rn a tio n a l Foundry  T rades’ 
E xhib ition), M r. Jo h n  Cameron, J .P . (Past-Presi- 
den t), and Mrs. C am eron; Mr. F . J .  Cook (Past- 
P re s id e n t) ; Mrs. V. C. F au lkner, Mr. J .  T. 
Goodwin (V ice-President) and Mrs. Goodwin; 
M r. B arring ton  Hooper, C .B .E ., Mr. Weslev Lam
bert and Mrs. L am bert; M onsieur G. Masson 
(P residen t, Belgian Foundrvm en’s A ssociation); 
Brig.-Gen. F . E . M etcalfe, 0~.B., C.M .G., D .S .O .;
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M r. R . O. P a tte rso n  (P as t-P resid en t) ; M r. J .  G. 
Pearce (D irector, B ritish  C ast Iro n  R esearch Asso
ciation) ; M r. Geo. C. P ierce (P residen t, London 
B ran ch ); S ir  Jo h n  P re s tig e ; S ir B erkeley Shef
field, B a rt., M .P . ; M onsieur E. R onceray  (Vice- 
P res id en t, F rench  Foundrym en’s A ssociation); 
M r. S. H . Russell (V ice-President) ; M r. J .  E llis 
(P a s t-P re s id en t); M r. O liver S tubbs (P as t-P res i
dent) ; C apt. R . B. Crewdson ; and  M r. H . G. 
Sommerfield (H on. C onvention S ecretary).

The Loyal Toast hav ing  been duly honoured.
T h e  R t.  H o n . S i r  A l f r e d  M o n d , B a rt. P .O ., 

M .P ., proposed “  The In s ti tu te  of B ritish  
F oundrym en .”  The In s titu te , he said, had  been 
in  existence for some y ea rs ; in fac t, i t  had  come 
of age. I t  had  reached the  age of 22 years, an 
age a t  which we all believed th a t  you th  was the 
only th in g  th a t  m atte red , and when the  th ings we 
could n o t to le ra te  were old age and  experience. 
As one who thoroughly believed in  the  g rea t 
advan tage  of being young, he considered th a t  a 
young In s titu te  was likely to be vigorous and  pro
gressive. I t s  objects were excellent, its  m em ber
ship was m agnificent, and he was perfectly  certa in  
th a t  the  work which i t  would do, both nationally  
and in te rna tiona lly , would be of the  g rea te s t im
portance. A fte r all, founding  was a  very  respected 
and  aged science ; i t  took us back to  the  days 
when the  casting  of church bells was one of the 
principal occupations of the  founder. Some of 
those bells still em itted  tones of such beau ty  th a t  
he doubted w hether, w ith  all th e  m odern science 
we had created , we could equal the m ix tu res which 
the  old-tim e founders so em pirically  created . 
To-day th e  foundry  in d u s try  had become more 
varied  and more im p o rtan t to  the  progress of the 
world th an  a t  any o ther period. A fte r all, if any
th ing  was- d is tinguish ing  us from  our fo refa thers, 
i t  was the  fa c t th a t  \ve were liv ing  in  an age of 
mechanical progress, above all, m echanical pro
gress so rap id  th a t  g rea te r and  g rea te r dem ands 
were being m ade daily  upon all form s of technical 
execution. The engineer to-day called for con
sistency of perform ance, and dem anded the  fulfil
m ent of conditions which were alm ost incredible 
m any years ago. I t  was very in te re s tin g  to look 
back over in d u stry , especially chemical industry ,
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and to reflect upon the  evolution of processes 
which to-day were becoming commonplace—the 
processes of synthesis under high pressure and 
high tem pera tu re , which called for castings of 
steel, as he himself had  said recently  a t  his 
B illingham  works, giving most rem arkable per
form ances, and which were a tr ium ph  of B ritish  
w orkm anship. I t  was in teresting  to  th in k  how 
m any of those th ings were possible now bu t were 
never a ttem p ted  in form er tim es because the  tech
nical m eans were not available ; the  m achinery 
for th e ir  production  was non-existent. H e had 
looked back a t  the history  of Messrs. B runner, 
M ond & Com pany’s chemical works, and had 
recently  looked a t  an old engine which had  been 
w orking for fo rty  years, and was still working— 
a  tr ib u te  to those who bu ilt it. H e remembered, 
as a  child, the  difficulties his fa th e r had in ge tting  
compressing m achinery of a type which would 
cause one to  smile if i t  were suggested to-day.

D em and for Special Alloys.
A gain, in  the  aeroplane industry  to-day there 

were dem ands for m etals which were ligh t and 
strong, fo r all ranges of products, for nickel- 
chrome steel, new alum inium  alloys, etc. ; new 
forms of alloys were spring ing  up like mushrooms, 
m any of which, of course, were essential factors 
in fu tu re  progress. Foundrym en m ust play a 
very im p o rtan t rôle there , for, a fte r  all, the aero 
engine requ ired  very delicate and special cast
ings, and the study  and u tilisa tion  of these new 
m ateria ls in the  foundry would undoubtedly cause 
new problems to  be p u t up and solved. The little  
experience he had had of foundry  work and its 
results had le ft on his m ind the impression th a t  
i t  was extrem ely anxious work. A fter the most 
infinite care and  trouble, som ething w ent wrong ; 
an expensive casting  had a crack, the con tract 
which looked so profitable began to appear o ther
wise, the  works m anager began to look anxious, 
and the sales m anager began to te a r  his hair. I t  
was difficult work, and to some ex ten t m etals were 
rebellious c rea tu res which, in  spite of the care 
and trouble devoted to them , did not always obey 
those scientific laws laid  down for them . Of 
course, g rea te r control of tem pera tu re  and im
provem ents on m odern methods would elim inate
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more and more those difficulties. A t the  same 
tim e, i t  was his opinion th a t  a  good foundry  fo re 
man was sometimes w orth a la rge  num ber of te x t 
books. (H ear, hear.) By some uncanny m ethod, 
some peculiar in s tin c t known only to  him self, he 
produced resu lts upon which he could no t give a 
scientific lecture , but which were very satisfactory .

International R am ifications.

R ev ertin g  to  th e  In s titu te  itself. S ir A lfred 
said he was very g lad  th a t  i t  apprecia ted  th e  im
portance of the m ain tenance of close con tac t in te r 
nationally . To-day th ere  was no monopoly in any 
country  in  the  world in  scientific th o u g h t or indus
tr ia l progress. I n  fac t, science had  invaded the  
whole world, and  no one could te ll in  w hat corner 
of th e  globe some new idea m igh t em erg e ; no one 
could te ll w hat new process m ight be discovered 
or w hat problems m ight be solved one day in 
J a p a n , ano ther day  in  F rance , ano ther day  in 
G erm any, ano ther day in America, or elsewhere. 
I t  was of th e  g rea te s t im portance to  th e  progress 
of th e  world th a t  these new ideas should no t 
rem ain  h idden  in  one corner of it, and  should no t 
be monopolised, b u t should become the  p roperty  
of the  world. T herefore , i t  was wise for us to 
d isregard  and to  discourage th e  old-fashioned ideas 
and formulae, according to  which everybody had  a 
secret carefully  guarded  from  everybody else, ju s t 
as, in  the  old days, somebody had  a  ledger which 
he did no t u n ders tand , b u t which nobody else was 
allowed to  see. A fte r all, we gained  more by an 
in terchange of ideas w ith  o ther hum an beings 
th an  we were likely to gain  by th in k in g  th a t  we 
were th e  only clever people who would ever d is
cover any th ing . I t  was in te rn a tio n a l am ity  and 
progress which undoubtedly  m ade for the  develop
m ent of the  world. T h a t was how those in  in 
dustry  to-day really  conceived it . Inc iden ta lly , 
they  liked to  see, if possible, some re tu rn  for 
th e ir  labour and th e ir  cap ita l. T here w ere such 
people as shareholders, who, hav ing  p u t th e ir 
money in to  industry , m ost unreasonably  expected 
some rem unera tion . (L augh te r.) They were not 
often  g ra tif ie d ; they  did n o t seem to  understand  
th a t  the service they  were rendering  ought to 
sa tisfy  them  beyond all means, p a rticu la rly  in the
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engineering  industries, the  most difficult of all he 
had  ever been connected w ith, which did not show 
any profits a t  all except upon paper before the 
con trac ts were completed. (L aughter.) F o r all 
th a t , however, the B ritish  engineering and 
foundry  industries were by no m eans played out. 
H e had an  infinite belief in the  capacities of the 
people, even in the  middle of the most stupid  coal 
strik e  from  which we had ever suffered, and which 
was paralysing  industry .

Essentials for Progress.
In  spite  of these occasional aberrations of o ther

wise reasonable people, we m anaged to pull 
th rough , and even if sometimes he fe lt we were 
really  slow, we had a curious hab it of moving 
ra th e r  quickly when we made up our m inds to 
move. So long as we did no t w ait too long it 
was all rig h t. H e was certa in  th a t  in modern 
industry , progress, concentration and co-opera
tion  were the  th ree  th ings required to p u t us 
where we ought to  be, in  the fro n t rank. Old 
trad itio n s  had  disadvantages, bu t they also had 
values. I t  was quite tru e  th a t we did not hustle 
around and te ll people we were hustling  quite so 
much as our American cousins did ; they were so 
busy te lling  us how they  were hustling, th a t  we 
w ondered when they  did any work—(laughter)— 
b u t somehow we did get results slowly, and some
tim es p re tty  surely, and he could say, speaking as 
one w ith an experience extending over many years 
in industry , th a t  B ritish  engineering, inventive 
capacity , and  the  capacity  to solve problems was 
as good as th a t  of any o ther country  in the w orld ; 
if we obtained th e  rig h t people w ith the righ t 
tra in in g , gave them  the necessary means and 
opportun ities, and backed them  w ith courage and 
determ ination , we could obtain the results. We 
suffered more from  cold feet on the p a r t of the 
people a t  the  top to-day th a n  we suffered from 
the incapacity  of the  people who were doing the 
w o rk ; we w anted  a li tt le  more of the old pioneer 
sp irit exhibited  by th e  men who created B ritish 
industry .

O il from  Coal.
I t  was im p o rtan t th a t  those d irecting indus

tries should have some knowledge of the industries
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they  were d irecting , and  sliouid no t look upon th e ir  
industries m erely as m oney-m aking m achines. 
Only a  few days ago he had  read  of th e  g rea t 
progress which some of our friends in  G erm any 
were m aking in  connection w ith  various new syn
th e tic  processes. H e  had  no doubt th a t  sim ilar 
progress would be m ade in  th is  country , and  when 
the  dem and was m ade fo r new form s of ap p ara tu s , 
involving, as he hoped i t  would, orders to  m any 
foundries and  engineering  works in  th is  country  
in vast p roportions, we should no t be w anting . 
I t  was in te res tin g  to  reflect, fo r instance, upon 
w hat would be the  effect upon the  engineering  
in d u stry  of th e  world when we really  s ta r te d  to  
m ake oil from  coal on a la rge  scaie, when we 
began to  convert, n o t a few thousand  tons of coal 
a day, b u t hundreds of thousands of tons a day, 
by some of these new processes. In te re s ted  as he 
was in  an  engineering  works, he looked forw ard  to  
a b e tte r  tim e th a n  had  been experienced in  the  
la s t few y e a rs ; the  iron  and  steel in d u s try  would 
once m ore come in to  its  own, and  th a t  would 
stim u la te  m a tte rs  all round. H e was a fra id  he 
was an  incurable o p tim is t; he had  no patience 
w ith  those who sa t down w ith  folded arm s and 
aw aited  our e x tin c tio n ; th e re  was no logical reason 
fo r such expectations. J u s t  as he believed th a t  
hum an ity , fa r  from  hav ing  achieved its  destin ies, 
was only now on the  thresho ld  of ach iev em en t; 
th a t  locomotion would advance so th a t  d istances 
would d isappear and  countries would be p ra c 
tically  as contiguous as suburban  v il la s ; th a t  the  
resources of th e  world would n o t become ex
hausted  ; th a t  the  world would n o t become over
crowded—for i t  was obvious th a t  the  progress and 
developm ent of all k inds of m odern ideas w ith  
regard  to  fe rtilise rs  and food production  would 
enable us to  suppo rt a  popu lation  s q  v ast as to  be 
inconceivable now ; equally he was convinced th a t  
th is  country  had  before i t  a glorious destiny , and 
th a t  those who were young to-day would see the 
developm ent on a large scale of m any g re a t and 
new ideas, and  when they  grew old would be able 
to  te ll th e ir  children  of th e  aston ish ing  k ind  of 
cave existence which we led in  1926. The In s titu te  
of B ritish  Foundrym en would w atch all these 
in te res tin g  developm ents; i t  would find new and
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fasc inating  subjects for its members to study and 
to  u tilise  ; i t  would find also, he hoped, new 
resources to tu rn  to profitable undertak ings. This 
p ic tu re  was n o t the product of a visionary, b u t of 
one who had spen t over a q u a rte r of a century  
in  the  d irec tion  of some of the largest industria l 
concerns in  th is or any o ther country. H e had 
seen m arkets lost and  new ones opened u p ; he had 
seen people despondent a t  the though t th a t  con
sum ption had  come to  a standstill, and had seen 
th a t  consum ption rise year .by y ea r; he had seen 
people im agining th a t  in th e ir own processes per
fection  had  been reached, b u t we were still revo
lu tion ising  w hat we considered to  be obsolete 
p lan ts, and  new works were as different from  the 
old as any works could be. W hen one had lived 
th rough  th a t , one was able to  speak w ith convic
tion . I t  was in  th is sp irit, no t merely of hope, 
b u t of ce rta in ty , th a t  he proposed the to as t of 
“ T he In s titu te  of B ritish  Foundrym en,” and 
coupled w ith it  the nam e of a young and energetic 
pioneer, its  P residen t.

Powdered Fuel in  Foundries.
The P r e s id e n t , responding, expressed, his 

thanks for th e  cordial m anner in  which the toast 
had been proposed and received. In  a tr ibu te  
to  S ir  A lfred Mond, he said th a t  a t th e  present 
tim e th ere  were in  the C abinet a t  least two 
s tuden ts of Professor T. T urner, a n  esteemed 
Hon. Member of the  In s titu te , and expressed the 
hope th a t  in  th e  n ear fu tu re  i t  would include a 
th ird  m eta llu rg ist, namely, S ir Alfred Mond. 
T here was a t  p resen t a  special Bill in  Parliam ent, 
and  he hoped th a t  th a t  Bill would soon pass into 
law, 60' th a t  S ir A lfred could fill a position which 
he had filled before w ith  such g rea t distinction. 
Addressing S ir W illiam  L arke, who, as the 
D irector of th e  N ational Federation  of Iron and 
Steel M anufacturers, is closely concerned with 
s ta tistics, the P res id en t pointed  to the  difficulties 
which faced the foundry  industry  as th e  result 
of the absence of sta tistics. The industry , he 
said, was th e  key of key in d u s trie s; S ir Alfred 
Mond could not tu rn  out alkalies or any other 
products w ithout some cast iron somewhere. 
Surely then , the g rea t key of key industries 
should have some s ta tis tics  for itself. I t  did not
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know a t the  m om ent the  com petition i t  was sup
posed to m eet, and i t  did  n o t know w hat i t  
exported . The s ta tis tic s  re la tin g  to  cast iron 
exports included cast-iron pipes, tubes, elec trical 
fittings, and all sorts of thingg, which in  t r u th  
were castings, b u t such sta tistics did not offer 
th e  industry  any guidance. "Unfortunately, the  
industry  was diverse in  c h a ra c te r ; th e  men who 
m ade g u tte rs  for th e  roofs of houses, or pipes 
used under th e  streets , or th e  engines a t  the 
gen e ra tin g  sta tions, had  b u t li tt le  in  common; 
all they  had  in  common a t  th e  m om ent was the 
In s titu te . H e asked S ir W illiam , therefo re , for 
his help in th e  p roduction  of th e  s ta tis tic s  which 
the industry  needed. Speaking of th e  In s titu te , 
he said th a t  i t  p rided  itself n o t only upon its 
na tiona l h u t also upon its  in te rn a tio n a l relations. 
H e had received th a t  day  telegram s expressing 
good wishes from  th e  foundrym en’s associations 
in  A m erica, F rance, Czecho-Siovakia and Spain. 
These associations were w orking for th e  same 
common object as th a t  for which th e  B ritish  
In s titu te  was w orking, and he announced th a t  the 
In s titu te  had  been inv ited  by th e  Spanish  Asso
ciation  to  a tten d  a conference in  Barcelona. 
F inally , com m enting upon S ir  A lfred M ond’s 
rem arks, he said he was glad to  hear him  hold 
o u t the  hope of ob ta in ing  oil from  coal on a large 
scale. H e him self had  heard  a good deal about it, 
b u t i t  was a li t t le  in  the  a ir  a t  th e  m om ent. An 
allied problem', however, to  which foundrym en 
would do well to  devote close study, was th a t  of 
th e  use of powdered fuel. H e was pleased to 
hear only th a t  m orning th a t  the  la rgest malleable 
iron foundry  in  G rea t B rita in  had decided to  use 
powdered fuel, an d  he believed th a t  the  second 
largest would be chasing i t  in an  effort to  be 
first. T hat, he said, was good news.

Scientific and Practical Collaboration.
M r . O l i v e r  S t u b b s  (P ast-P residen t) proposed 

“ Scientific In s titu tio n s  and  Allied In d u s trie s ,” 
which, he said, included th e  N atio n a l Physical 
L aboratory , th e  Iro n  and Steel In s titu te , the 
In s titu te  of M etals, th e  R esearch D epartm en t a t 
Woolwich, and  last, b u t no t least, th e  B ritish 
C ast Iro n  R esearch A ssociation. The In s titu te  
of B ritish  Foundrym en, he said, was delighted
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to  welcome represen tatives of those bodies, and 
wished to  th a n k  them  for th e ir  support in the 
past. A t the  sam e tim e, he assured them  th a t  
the  In s ti tu te  was anxious to  do all i t  could to  *
help them , for th e  benefit of all. In  a reference 
to  th e  benefits which accrued from  an in te r
change o f ideas between all these lwdies, he 
pleaded for an even g rea te r co-ordination between 
the  scientific and  the  p ractical aspects of the 
in d u s try  th an  perhaps had  been m anifest in  the 
past. I n  acknow ledging the  valuable work 
carried  o u t by th e  B ritish  C ast Iro n  Research 
Association and th e  necessity for its continuance, 
he said th a t ,  as th e  resu lt of th e  splendid record 
of th a t  body in  th e  las t five difficult years they  
had  been able to  p u t such a strong case before ' 
th e  D epartm en t of Scientific and Industria l 
R esearch th a t  th e  la t te r , lie believed, had  prac
tica lly  decided to  g ra n t to  th e  Association the 
term s th ey  h ad  asked for fo r ano ther five years.
(A pplause.) H e took pride in  th e  fac t th a t  the 
In s titu te  of B ritish  Foundrym en was th e  fa th e r 
of the  R esearch Association. As to  the  In s titu te  
itself, he said  i t  was one of the  few bodies which 
included w ith in  its  mem bership th e  men in  the 
shops, th e  forem en, the  m anagers and the 
employers, and  em phasised th a t  if th ere  were 
more bodies th rough  the  medium’ of which the  
workpeople and those who were responsible for 
the  control o f industry  could be brought so closely 
in to  contac t one w ith th e  o ther, there  would be 
fa r  less trouble in  th e  in dustria l world. H e had 
every sym pathy w ith  the  B ritish  w orker. I t  was 
qu ite  tru e , as S ir A lfred Mond had said, th a t  
we were -only a t  th e  beginning of progress, and 
for th a t  reason he appealed for support of the  
work of th e  In s ti tu te  and o th e r such bodies, 
which, i t  m ust be rem em bered, was carried  out 
by men who w ere keen enough to devote th e ir  
leisure to  it.

C a p t a in  R . B. C r e w d s o n  ( Jo in t M anaging 
D irector, In d u s tria l Newspapers, L im ited), who 
responded, in  the  absence of S ir Joseph Petavel,
F .R .S . (D irector, N ational Physical L aboratory), 
said th a t  ju s t  as th e  research work carried  ou t 
by the  various bodies m entioned was p lay ing  a 
more and  more v ita l p a r t in  keeping B ritish  
industry  where we wished to  see it, so the
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members of tbose bodies fe lt th a t  th ey  depended 
for th e ir success upon the support and encourage
m en t which they  m igh t receive from  th e  indus
tr ie s  th ey  sought to  serve. The eloquence w ith 
which M r. Oliver S tubbs had proposed the  toast, 
an d  th e  h e a rty  m anner in  w hich i t  h ad  been 
received, would be an encouragem ent to  the 
members of those bodies and  an in sp ira tio n  to 
them  in th e ir work th roughou t th e  coming session.

M r. F . J .  C o o k  (P ast-P residen t) proposed the 
toa&t of “ The G uests,”  and  th an k ed  them  for 
hav ing  honoured th e  In s ti tu te  by th e i r  presence. 
The In s titu te , he said, was proud  to  welcome 
such m en as S ir A lfred Mond, S ir W illiam  L arke, 
and o th e r g ian ts of in d u s try  who were present. 
I t  was also proud of the  fa c t th a t  th e re  were also 
p resen t rep resen ta tives from  Am erica, T rance, 
Belgium, Sweden, D enm ark, Czecho-Slovakia and 
G erm any, and he comm ented w ith  p leasure on 
the  fac t th a t  one tab le  -was occupied en tire ly  by 
rep resen ta tives from  Sweden, including a Past- 
P res id en t of the  Sivedish F oundrym en’s Associa
tion . H e ex tended to all th e  guests a very hearty  
welcome.

Lessons from  the Coal C risis.

S i r  W i l l i a m  L a r k e , K .B .E ., responded, and 
thanked  th e  In s titu te , on behalf of th e  guests, 
for th e  h osp ita lity  ex tended  to  them . H e  dwelt 
upon how' m uch functions of th is  ch a rac te r con
tr ib u te d  tow ards th e  w elfare of th e  industries 
w ith which th ey  w'ere connected, an d  emphasised 
th e  value of th e  free exchange of inform ation, 
discovery and experience betw een th e  rep resen ta
tives of a ll industries in  all countries. N othing 
could be gained, he said, by a ttem p tin g  to  re ta in  
a technical monopoly, because such a  monopoly 
could n o t be re ta in ed , and, if i t  were retainable, 
i t  was no t w orth  re ta in in g , because collective 
knowledge and experience was of fa r  greater 
benefit to  the  ind iv idual who con tribu ted  to it 
th a n  any ind iv idual con tribu tion  he him self could 
make. H e him self had been b rough t up as an 
eng ineer and  had  been associated w ith industry 
all h is life, and knew^ full well th a t  th e  technical 
difficulties we all m et w ith  in ou r daily  life, and 
which needed so much solving, were frequently 
solved by someone else, w orking in another d irec
tion altogether, wdiose knowledge ivould no t he
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closest possible con tac t and the  free interchange 
of ideas. One of S ir W illiam ’s epigram s was th a t  
the  problems of 1926 cannot be solved w ith a 
1914 m ind. L ike S ir A lfred Mond, he was an 
o p tim is t; he was one of those who believed th a t  
a pessim ist was a man who saw a difficulty in 
every opportun ity , and th a t  an op tim ist was a 
m an who saw a n  opportun ity  in every difficulty. 
I f  th a t  were tru e , w hat opportun ities did he see 
in  th e  recen t emergency th rough  which the  
country  had  passed, and the  crisis w ith which the 
coun try  was still faced P H e saw th e  opportun ity  
of lay ing  th e  foundation  of th a t  m utual confi
dence between all people in th is  country, which 
would enable us to  rise to  th a t  un ity  of though t 
and  singleness of purpose which had characterised 
our efforts d u rin g  the w ar, and th a t  u n ity  and 
confidence, when secured—as he believed i t  would 
be secured as the  resu lt of the solution of the 
presen t difficulties—would enable us to use the 
finest ind u stria l capacity  in th e  world. Those 
who had  been privileged to  see the  w ar effort 
from  a position which enabled them  to  survey 
th e  effort of th e  whole country , particu la rly  those 
who had  been tra in ed  as industria lists , knew full 
well—and he said i t  w ithou t fear of contradiction  
—th a t  th e  in dustria l effort of th is  coun try  du ring  
th e  w ar period was unprecedented  in the  world in 
th is o r any o ther tim e. Such effort would bring 
■its. p rosperity  in  th e  fu tu re , and all th a t  was 
needed to  secure i t  was m u tu a l confidence on the 
p a r t  of a ll engaged in  industry , so th a t  they 
worked to  a common end. D ealing w ith  the  sug
gestion th a t  th e  foundry  industry  had  not suffi
c ien t sta tis tics  on which to  base commercial 
policy, he said i t  was less th a n  a  week ago when 
he had first heard  th a t  the re  was any such need. 
H e was delighted , however, to  hear th e  rem arks 
which had  been made, and his efforts a t least to 
m eet th a t  need could be relied upon. I t  did not 
re s t en tire ly  w ith  him' o r his colleagues, how ever; 
there  were o thers involved, such, for instance, as 
Customs officials, b u t so fa r  as i t  was possible, 
the  s ta tis tics  which the  foundry  industry  required 
would be prepared  and incorporated  in  the 
n a tiona l sta tistics, for which he was responsible, 
to  the  iron and  steel industry .
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Mb. J o h n  C a m e r o n , J .P .  (P as t-P resid en t), p ro
posed th e  final to as t, th a t  of “  The C onvention 
Com m ittee and  th e  London B ran ch .”  A n enor
mous am ount of work was involved, he said , in 
recen t years to  m ake th e  annua l ga therings of the 
In s ti tu te  th e  success they  had  been, h u t on th is 
occasion those responsible for th e  arrangem ents 
had come th rough  some special difficulties w ith  very 
g re a t c red it. F o r th e  first tim e  in th e  h is to ry  of 
th e  In s t i tu te  i t  had  been doubtful, u n ti l a com
para tive ly  sho rt tim e  before th e  C onvention was 
to  be held, w hether o r n o t i t  would have to  be post
poned. There had  been difficulties a ris ing  o u t of 
reduced railw ay services and  m any o th e r factors, 
b u t the  C onvention C om m ittee and th e  London 
B ranch w ere m a in ta in in g  th e  high s tan d a rd  
a tta in ed  in  connection w ith  th e  In s t i tu te ’s Con
ventions in  th e  la s t th ree  o r fou r years. On th is  
occasion th e  C onvention was m ore a ttra c tiv e  th a n  
ever, because i t  had  been arranged  to  have a 
w onderfully good exhib ition  ru n n in g  concurrently  
w ith  it. • As one who had  been to  every E xhib ition  
since 1913, he could say th a t  i t  was th e  finest 
foundry  E xh ib ition  ever seen in  th is  country , and 
he cong ra tu la ted  th e  organisers, Messrs. F . W. 
B ridges & Sons, as well as th e  C onvention Com
m ittee  and th e  London B ranch, upon th e ir  en te r
prise. No one recognised m ore th a n  he th e  educa
tiona l value of such E xh ib itions ; i t  was always 
his p rac tice  to  send h is m anagers and  forem en to 
v is it them , and  they  came back to  th e ir  work 
encouraged and enthused w ith  new ideas. They 
m et old friends and m ade new ones, and  they 
re tu rn ed  w ith  new in te re s t and  new en thusiasm  
for th e ir  work, which would be impossible b u t for 
th e  efforts of th e  In s titu te . The members of the 
C onvention C om m ittee were Col. W . F . Cheese- 
w right, D .S.O ., M r. F au lk n e r (the  P res iden t), Mr. 
W esley L am bert, M r. H . Shillitoe, M r. G. C. 
P ierce (P residen t of th e  London B ranch), and 
last, b u t no t least. M r. H . G. Sommerfield (Hon. 
S ecretary  of th e  London B ranch, and  H on. Con
vention Secretary  and T reasu rer). H e  paid a 
tr ib u te  p a rticu la rly  to  M r. Sommerfield for the 
enorm ous am ount of work he had  done, and said 
i t  was a  g re a t p leasure to  ask for recognition of 
th a t  work. The B ranch had  given a good lead to
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th e  In s ti tu te  in hav ing  taken  a broad-m inded view 
in  such m atte rs , and  i t  was th e  desire of th e  In s ti
tu te  to  recognise i t .  H e coupled th e  to as t w ith 
th e  nam e of- M r. G. C. P ierce (London B ranch 
P res iden t).

M r . G. C. P i e r c e , in  a b rief speech, expressed 
thanks on behalf of both th e  Com m ittee and the 
B ranch, and  sa id  they  were amply repaid  by the 
assurance th a t  those a tten d in g  th e  Convention had 
found i t  to  be enjoyable and instructive. H e also 
acknowledged in glowing term s th e  services which 
M r. Sommerfield had  rendered.

M r . H . G. S o m m e r f ie l d  also responded in a 
speech characteristica lly  brief. I t  was a pleasure 
to  him , he said, to  find so m any in  sym pathy with 
th e  work done in  connection w ith th e  Convention. 
T h a t in  itself had  been ample recompense.

D uring  th e  d inner musical selections were 
rendered by th e  Corelli W in d ea tt S ex tette , and 
la te r  a concert, under th e  direction  of M r. A rthu r 
H ayes, con tribu ted  to  th e  success of th e  evening.

THURSDAY, JUNE 17.
The proceedings were resumed on Thursday 

m orning in  th e  lecture  room a t  th e  Royal A gri
cu ltu ra l H all.

B ritish  Cast Iron Research Association.
New Grade of M em bership.

M r. J ,  G. P e a r c e  (D irector, B ritish  C ast Iron 
R esearch A ssociation), a t  th e  in v ita tio n  of the 
G eneral Council of th e  In s titu te , ou tlined  a new 
scheme reg ard in g  mem bership of th e  Research 
Association. Q uite recently  th e  Council of the 
A ssociation had adopted a new arrangem ent, which 
had been accepted by the  G eneral Gouncil of the
I.B .F ., whereby members .and associate members 
of th e  I .B .F . could ta k e  advan tage  of associate 
m em bership of th e  R esearch A ssociation a t  a sub
scrip tion  of 20s. per annum .

M r. Pearce  also took th e  opportun ity  of correct
ing  an im pression which had  got abroad some years 
ago, th a t  an associate m em ber was en titled  to 
receive th e  whole of the  R esearch R eports and 
o ther confidential repo rts  c ircu la ted  by th e  
Association. I t  would be obvious, he said, th a t  
i t  would be impossible to  provide, for a small and
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lim ited subscrip tion , in fo rm ation  for th e  receip t 
of which th e  fu ll m em bers paid  m any tim es th a t  
am ount each year. H e fe lt su re , however, th a t  
the  service which could be given fo r th e  sm all sum 
of 20s. per annum  would he m ore th a n  sufficient 
recompense to  those who subscribed. In  addition  
to c ircu la tin g  to  such associate mem bers the 
Q uarte rly  B u lle tin—w hich w atched th e  w orld’s 
l i te ra tu re  on founding, on  behalf of th e  fouudry- 
men of th is  coun try—and placing a t  th e ir  disposal 
the  L ib rary  and In fo rm atio n  B ureau , th e  Associa
tion  was p rep ared  to  deal w ith  any inqu iry  on 
behalf of an associate mem ber fo r inform ation  
re la tin g  to  any aspect of found ing  p ra c tic e ; it 
would supply th a t  in fo rm ation  from  books, trad e  
li te ra tu re  and periodicals, p rov ide tran sla tio n s 
from  foreign lite ra tu re , and books, pam phlets and 
periodicals could also be borrowed. H e  fe lt very 
s trongly  th a t  if th e  possibilities of th is  service 
were more widely known, g re a te r  advan tage  would 
be tak en  of i t .

The following P apers were read  and discussed : —
1. “  N on-Ferrous M etallog raphy ,” by M r. S. 

Glen Prim rose.
2. “ Some N otes on th e  P roduction  of Cylinder 

P ig -Iron  to  F ra c tu re  and A nalysis,” by M r. E. J . 
Yates.

3. “ Chemical R eactions in  th e  Cupola, with 
Special R eference to  Fuel C onsum ption,” bv 
Professor E. C. Thompson and  M r. M. L. Becker.

D uring  th e  afternoon  th e  mem bers and ladies 
visited a num ber of w orks in  the  London distric t 
and  in  th e  evening a banque t was given a t  the 
A gricu ltu ra l H all by M essrs. F . W . B ridges & 
Sons, L im ited , o rganisers of th e  In te rn a tio n a l 
Foundry  T rades E xhib ition . The banquet was in 
honour of overseas delegates and visitors, and 
officers of the In s ti tu te  of B ritish  Foundrym en 
were also presen t.

FRIDAY, JUNE 18.

The day was sp en t in  v isits to  various works, 
s itua ted  n ea r London. A p a rty  of members and 
ladies v isited  th e  L etchw orth G arden City and 
afterw ards inspected several w orks in Letchworth 
and  o th e r p a rtie s  of mem bers v isited  works a t 
D unstable and B ra in tree .
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SATURDAY, JUNE 19.
The la s t clay of the  Conference was devoted to 

an  excursion by steam  launch along the  Thames. 
On the  ou tw ard  jou rney  a. h a lt was made a t 
W indsor and  the  p a rty  disem barked for luncheon 
a t  th e  B ridge House H otel.

The P res iden t, in  a  few rem arks, expressed the 
g ra titu d e  of the whole p a rty  to M r. H . G. 
Sommerfield, th e  H onorary  C onvention Secretary, 
for th e  excellent arrangem ents which he had made 
on th e ir  behalf and reg re tted  th a t  M r. Sommer
field him self was unable to  be present.
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QUALITY IN QUANTITIES.

B y Arnold Lenz, Saginaw Products Com pany, 
Saginaw, M ich., U .S .A .

[A m erican E xchange P ap e r.]
The production  of artic les in  q u an tities  is an 

ou ts tan d in g  fea tu re  of th e  p resen t industria l 
era . I t  is th e  resu lt of in d u s tria l evolution and 
a  p roduct of p resen t civilisation.

The effect of th is  developm ent in  the  various ■ 
industries on th e  mode of liv ing has been very 
pronounced. I t  has ra ised  th e  s tan d a rd  of living 
and has given everybody m ore of th e  enjoym ent 
of th e  b e tte r  th ings of life by bring ing  w ith in  the 
means of the  masses such th in g s as b e tte r  cloth
ing, b e tte r  h ea tin g  an d  ligh ting  of homes, 
im proved san ita ry  equipm ent, telephones, books, 
new spapers and even autom obiles. L uxuries of 
a  few years ago have become commonplace and 
will be classed as necessities by th e  nex t' genera
tion . Q uan tity  production  is necessarily con
fined to  th e  m anu factu re  of comm odities, enjoy
ing a wide range of d is tribu tion  and usefulness, 
whose application  and use are to  a c e rta in  degree 
only lim ited  by its  cost to the  consum er an d  may 
vary  from  a  m atch to  an autom obile.

This m ethod of m an u fac tu rin g  has invaded 
every in d u s tria l field and has been equally  suc
cessful in  high and low quality  artic les. A lthough 
th e re  is evidence of th is  on every  hand , there 
are  s till a large num ber of m an u fac tu re rs  as 
well as consum ers who refuse to  recognise th is 
tru th . They pe rs is t in  ^associating q u an tity  pro
duction  w ith  cheapness, no t only in  price, b u t in 
quality  also. This is erroneous and can  only be 
a ttr ib u te d  to  a m isconception or ignorance of the 
fundam entals of q u an tity  production.

Since th e  price  and the  usefulness of a com
m odity a re  the  contro lling  facto rs in  its  d istribu
tion , the  quality  is, as a ru le, p redeterm ined and 
fixed in  advance. P rod u c tio n  has therefore  to  
ad ju s t itself to  qua lity  and  no t quality  to pro
duction . This is well il lu s tra ted  in  the  tex tile
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in d u stry , one of the  first in dustries  to  adopt 
q u an tity  production. H ere the  efforts to pro
duce goods in  wool, cotton , linen and  silk of a 
qua lity  and  price to  sa tisfy  the  needs of people 
of hum ble circum stances, has n o t p reven ted  th a t  
industry  from  producing, som etimes in  th e  same 
in s titu tio n , tex tile s  of th e  finest quality  th a t  will 
sa tisfy  even the  most exacting  ta s te . The auto
mobile in d u s try  is ano ther exam ple. There are 
cars of a g re a t v a rie ty  in  quality  and  price, and 
th e  few m an u fac tu re rs  who do n o t build, on a 
qu an tity  p roduction  basis are  p reven ted  from 
doing so, because th e ir  prices are re s tric tin g  their 
m ark e t to  a p o in t w here th e  app lication  of 
q u an tity  production  is no longer p rac tica l or 
possible.

Quantity Production as Applied to the Foundry Industry.

T here has heen considerable criticism  th a t  the 
foundry  industry  has failed  to  keep pace witfi 
th e  general in d u s tria l developm ent. W hile this 
criticismi is n o t wholly unfounded, i t  has, in 
most cases, been offered by people who have 
li t t le  o r no knowledge of th e  pecu liarities and 
difficulties inciden t to  th e  foundry  in d u s try  and 
has, as a  ru le , been devoid of th e  p rac tica l and 
helpful suggestions which every progressive 
foundry m an is eagerly seeking.

This is an age of specialization  and i t  is leav
ing  its m ark  on th e  foundry  in d u stry . Specializa
tio n  has already rem oved from  th e  jobbing 
foundry  such castings as fittings, pipes, rad ia 
tors, railw ay car wheels, s an ita ry  equipm ent, 
bearings, bushings, autom obile castings, e tc ., and 
th ere  a re  m any more to  follow. Once a casting 
has en tered  th e  specialty  field, price  and 
u n ifo rm ity  of quality  place i t  beyond th e  reach 
of th e  foundry  producing  a general ru n  of cast
ings.

The lim ited  num ber of an y  one piece and the 
n a tu re  of th e  castings produced by th e  ordinary  
jobbing foundry  m akes th e  app lication  or 
adoption of even some of th e  well established 
foundry  devices and  equipm ent im practical. I t  
is only th e  specialty  o r p roduction  foundry th a t 
can  ta k e  fu ll advan tage  of all th e  modern 
m echanical, m etallurgical and  chemical develop
m ents and i t  is to  these foundries th a t  the
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th e  p ast few years. In  the  m anufactu ring  of
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castings, as in  any  o ther commodity, quan tity  
is th e  only lim iting  factor in th e  application of 
production methods. Q uality  and in tricacies of
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design are  only influencing factors as fa r  as the 
selection of the  equipm ent and m ethod of m anu 
fac tu rin g  is concerned.

Ju d g ed  from  a s tan d p o in t of quality  and 
in tricacy , of design, th e  autom obile industry  
requires perhaps th e  h ighest grade of castings. 
T h a t these castings canno t only be successfully 
produced, b u t th a t  also a h igher g rade  of quality  
is possible u nder q u an tity  production methods, is 
a well-established fact.

iSince, in  add ition  to  its  own pecu liarities, the 
autom obile-casting foundry  has also m any of the 
problems and conforms in a  general way to  the 
p roduction  of o ther castings on a q u a n tity  basis, 
some of its m ain fea tu res will be set fo r th  in  the 
ensuing paragraphs.

A foundry  producing autom obile castings as a 
specialty  differs from  th e  specialty  foundry  pro
ducing  rad ia to rs , car-wheels, pipes, e tc ., in  th a t  
its  general layou t and  equipm ent m ust have 
g rea te r flexibility. W ith  th e  exception of one 
o r two well-known makes, th e re  has been a con
s ta n t changing  in  designs of m otor-cars which, 
while perhaps no t so a p p a ren t to  th e  public, 
causes a seasonal re ad ju s tin g  and  reorganising 
of the  methods employed in th e  production  of the 
necessary castings. I n  selecting core machines, 
moulding machines, conveyors o r cleaning roc m 
equipm ent, th is  fac to r m ust be taken  in to  con
sidera tion  and  a reasonable allowance m ust be 
m ade to  tak e  care  of th e  changes of size, shape 
and w eight of th e  various castings.

Labour and M anagem ent.

One of the  ou ts tan d in g  fea tu res  of a quantity  
production foundry  as com pared w ith  th e  regular 
type of foundries lies in  its  w orking force. 
In s tead  of th e  tra in ed  and seasoned artisans 
which one would associate w ith  th e  production of 
in tric a te  castings of h igh quality , th e  staff is 
composed en tire ly  of specialists, tra in ed  only in 
th e ir respective operations which are reduced to 
th e  sm allest u n it  and  th e  sim plest form  possible. 
This, however, does n o t mean th a t  such a force 
is a conglom eration of nondescrip t labour ; on 
th e  co n tra ry , some of these people become highly 
skilled and are  able to  perform  th e ir  operation 
very accurately  and w ith  w hat is to the
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u n in itia ted , incredible speed. T heir perform ance 
com pares well w ith  th e  speed of a tra in e d  ru n 
ner as ag a in s t the  speed of an all-round  a th le te .

A production  foundry, em ploying ab o u t 2,500 
men, m ay n o t employ over 10 full-fledged 
moulders and corem akers. The burden  of supply
in g  th e  neoessary knowledge of the  details 
involved in the  m an u fac tu rin g  of a g re a t to n 
nage of in tric a te  castings falls, therefo re , 
en tire ly  on th e  m anagem ent. F o r th is  reason, the 
successful opera tion  of a production  foundry , of 
th is n a tu re , depends largely on the  ab ility  of the 
m anagem ent to  choose the  m ost effective m ethods, 
to  standard ise  th e  various operations, to  select 
th e  most efficient equipm ent and to  m a in ta in  it, 
to  design th e  necessary special appliances an d  to 
organise its force in  such a  way th a t  th e  product 
will flow th rough  th e  p la n t in  a  continuous 
u n in te rru p te d  m anner. This is best accomplished 
if th e  executives a re  advanced from  the  ranks by 
m erited  prom otion.

A lthough th e  chief aim  of q u an tity  production  
is tow ard  low er costs, its  in troduc tion  has, in 
some instances, been ac tu a ted  by a  shortage  of 
all-round mechanics. C on trary  to  w hat certa in  
short-sigh ted  labour leaders would have one to  
believe, q u an tity  p roduction  was never designed 
to lower th e  wages of th e  w orking m an, nor was 
i t  designed to  exclude tra in e d  a rtisa n s  from 
these p lan ts. The absence of un ion  moulders 
and  core m akers is en tire ly  v o lun ta ry  on the ir 
p a r t  and m ust be charged to  th e ir  re luctance  to 
do rep e titio n  work and th e  res tric tio n s of the 
unions as applied  to  production .

P iece Work as Wage Incentive.

A p revailing  mode of wage paym ent is piece
work based on  tim e studies. A day’s work 
constitu tes wfh a t a m an can do w ithou t in ju ry  to 
him self over a  long period of tim e. I t  is based 
on an  average m an and does no t rep resen t the 
m axim um  of th e  exceptional w orker. The tim e 
requ ired  by a  new m an to  reach  th e  specified 
ra te  of p roduction  m ay vary  from  one to  two 
days on some m inor operations, to  one to  three 
weeks on th e  more skilled. In  th e  foundry , the 
ram m ers a re  usually  recru ited  from  th e  labourers 
and  th e  finishers and core-setters from  the 
ram m ers.
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F i g . 4 .— P r o p e r  a n d  I m p r o p e r  D e s i g n  o r  
F l a s k  B a r  f o r  J o l t  M a c h in e  R a m m i n g .
Sketch  1 an d  2 — C ontrast of properly d esign ed  bar 

of F ig . 2 for m achine ram m ing w ith  com m on ty p e  of 
d esign , w hich does not g iv e  good1 resu lts, a s  so ft spot 
is  u su a lly  le f t  under bar, a s  show n in  S k etch  3.

Sketch 4 show6 proper d es ig n  o f bars a t jo in in g  o f  
tw o  cross bars.

S ketch  5 and  6.—Sketch  6 proper d esign  o f bar in  
con trast w ith  im proper d esign  of 5.

S k e tch  7 a n d  8.—Sketch  8 show s proper d esign  and  
sp a c in g  o f bar con trasted  w ith  im proper d esig n  of 
Sketch  7.

Sketch  9 and  10.—Sketch 10 show s proper d esig n  of 
bar con trasted  w ith  im proper d esign  o f  S ketch  9.

Sketch  11 a n d  12.—Sketch  12 show s proper design  
of bar for l i f t in g  sa n d  from  groove p ock et contrasted  
w ith  im proper d esign  show n in  Sketch  11.

Fig. 3
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The b e g in n e r .is  usually  g u a ran teed  a ce rta in  
day ’s wage w hich varies som ew hat w ith  the  
operation , b u t does in no case fall below th e  p re 
vailing  labour ra te . The base ra tes , which are  
th e  am ounts th e  m en a re  to  receive fo r 100 per 
cent, production , com pare w ith  th e  p revailing  
common labour ra te  approxim ately  as follows: —

P e r C ent.
M oulders ... ... ... ... 180 to  200
Core m akers and core assemblers

(male)  150 to  175
Core m akers (female) .................. 150 to  200
Iro n  poujrers : ... ... ... 150 to  160
Shaking o u t of moulds (hot) ... 150 to  160
M elting    150 to  160
C lean ing  d ep a rtm en t ................ 125 to  150
Sand b las ting  ... ... ... 200 to  210
To w hat ex te n t th e  workers prosper u n d e r th is  

system can be judged , in  a  m easure, from  th e  
photograph  of th e  fro n t y a rd  (F ig . 1) of one of 
th e  production  foundries w ith  w hich th e  au tho r 
is identified, which shows about 50 per cen t, of 
the\ autom obiles belonging to  th e  workmen.

M aterials.
T he proper selection and contro l of raw  m aterials 

a re  im p o rtan t fac to rs in  th e  production  of qu a lity  
castings, and th e  rep e titio n  of stan d ard ised  opera
tions p resents an  o p p o rtu n ity  for checking and 
no ting  th e  effect of th e  various m ateria ls  on the 
qu a lity  of th e  p roduc t, fa r  beyond th a t  possible 
by o rd in ary  foundry  methods. Therefore, a  fully- 
equipped laboratory , in  which th e  various 
m ateria ls  and products a re  te s ted  and  analysed, 
form s an  indispensable p a r t  of th e  p roduction  
foundry .

W hile m ateria ls  such as coke, iron, sand , lime
stone, corebinder, e tc ., a re  all closely checked in 
th e  laboratory , th e  effect of th e  physical s tru c tu re  
and  source a re  recognised as im p o rtan t factors. 
This is especially t r u e  w ith  coke and iron  as 
applied to  castings calling for a high B rinell num 
ber, density , and high-speed m achin ing  qualities. 
Two brands of coke of p rac tica lly  th e  sam e 
analysis b u t d iffering  in  s tru c tu re  m ay produce 
iron w ith  a difference in B rinell hardness of 25 
to  30 po in ts. The sam e is t r u e  of th e  combina
tion  of d ifferen t b rands of iron.
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Special a tten tio n  m ust be given to  th e  v a ria 
tio n  between pigs in  one truckload. A p a rt from 
an average analysis, th e  specifications should also 
call fo r a lim it in  varia tion . These specifications 
can usually  be m et a t  th e  b last-furnace by confin
ing  th e  iron loaded in to  any one tru ck  to  one tap , 
which is fa c ilita ted  hy th e  steady flow of deliveries 
requ ired  in  a la rge  foundry.

W hile a lim it in  varia tio n  is im p o rtan t in  cupola 
p ractice , i t  is n o t so necessary where iron is melted 
and  held in  la rge  q uan tities , as in  an  open hea rth  
o r in  an  a ir  furnace, because i t  is much easier to  
m a in ta in  an average.

The large consum ption and th e  adherence to  a 
s tan d a rd  prac tice , n o t only in  m ethods, b u t in 
m ateria ls  also, enables th e  producers of pig-iron, 
coke, sand , corebinder, e tc ., to  fu rn ish  these 
m ate ria ls  to  very close specifications and th e  
desirab ility  of th is  business usually brings fo rth  
th e  fu llest co-operation in scheduling and  g uaran 
tee in g  deliveries. This is especially t r u e  where 
th e  producers have th e  assurance of continued 
business re la tions which, however, does n o t neces
sarily  m ean long-tim e contracts .

C ore sands a re  usually used in the  n a tu ra l sta te , 
b u t th e re  is a  grow ing tendency to  have all mould
ing  sands milled and blended to  a specified bond 
a t  th e  p its, which elim inates the  uneven and lum py 
condition  usually  found in  highly-bonded sands.

Among th e  corebinders, th e  g rea test varia tion  
is found in core oils, which still co nstitu te  the  
chief b ind ing  m ateria l for in tr ic a te  cores. W hile 
linseed oil is still considered th e  stan d a rd , some 
of th e  p repared  oils a re  more economical, and 
because th e  tendency to  gum -up th e  coreboxes is 
g rea tly  .reduced they  lend them selves b e tte r to  
high-speed production. Core oil should only be 
bought from  th e  m ost reliable sources, and  g rea t 
stress should be laid  on un iform ity , which is much 
easier ob ta ined  by buying in  tan k -ca r lots th an  
in  barrels. A quick and  q u ite  satisfac to ry  way 
of te s tin g  incom ing oil before unloading  is to  mix 
two sm all batches of silica sand, one w ith  th e  new 
oil and one w ith a stan d ard  oil, such as pure 
linseed (kep t in th e  laboratory  for th is purpose). 
A definite q u an tity  of each is ram m ed in to  
briquettes, placed on the  sam e plate , dried a t  the
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custom ary tem p era tu re  and tested  fo r relative, 
r a th e r  th a n  a  given, s treng th . If , in  addition 
to  th is , th e  colour of th e  oil m atches a p redeter
m ined sam ple, i t  is quite  safe to  p u t in to  pro
duction . The iodine value, etc., can be checked 
la te r.

F o r best results, an  oil th a t  will w ithstand  a 
fairly-high bak ing-tem pera tu re  should be selected, 
and  if th e  cores a re  inspected for defects before 
going in to  th e  ovens, even in tr ic a te  cores requ ir
ing much hand ling  in  cleaning, g rind ing  and 
assembling can be produced w ith a 3 to  4 per 
cent. loss.

M eeting New Dem ands.
The dem and of th e  consumers for b e tte r quality , 

g rea te r un ifo rm ity  and  closer dimensions is in
creasing  w ith every year. The am ount of m etal 
to be tak en  off on finished surfaces by the  machine 
shop is being constan tly  reduced u n til i t  is not 
uncommon to  have an allowance of only 1/32 in. 
on even a good-sized casting.

Only a few  years ago' i t  was though t impossible 
to  shake o u t thin-w alled castings, such as cylinder 
blocks, before they  had  alm ost completely cooled. 
Any castings th a t  were tak en  ou t of the  sand whilst 
red  ho t were sure to  develop a h ea t crack or a 
warp, and special p recautions were always taken  
to avoid any p rem atu re  shaking out. W ith  con
tinuous pouring  and  th e  necessity of conserving 
floor space came also th e  developm ent of iron th a t 
will w ith stand  sudden changes in tem pera tu re  
w ithou t ill-effects, and the  shaking o u t of castings 
while ¡red ho t is becoming th e  ru le  ra th e r  th an  xne 
exception. Inc iden ta lly , th is  solution has also 
produced a superio r p roduct by grea tly  reducing 
the  danger of crack ing  in service.

V arious expedients, such as hollow cores, etc., 
have been resorted  to  in  th e  p a s t to produce a 
uniform  hardness th ro u g h o u t th e  full leng th  of 
th e  bore, because th e  slow cooling condition in 
th e  region of th e  w ater jacke t and th e  valve seats 
produced a so fte r iron. This so ft section was 
usually  located where th e  p iston  rings caused the 
most w ear, and if th e  iron was made hard  enough 
to  coun terac t th is  condition, th e  flanges and th in  
sections were usually so h a rd  th a t  they  could not 
be m achined, even a t  o rd inary  speed. To-day,
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w ith only sligh t changes in  th e  analysis, cylinder 
blocks can be produced w ith  a un iform  hardness 
in th e  bore, in which the  th in  sections can  be 
m achined a t  h igh  speed.

A nother vexing problem  th a t  confronted  th e  
foundrym an in  th e  developm ent of q u a n tity  pro
duction was th e  p lacing of risers on castings for 
th e  purpose of feeding, e ith e r  by g rav ity  or chu rn 
ing, and  th is  problem has been solved to  a  p o in t 
where risers for any purpose can be elim inated  
on autom obile castings. The g re a te s t difficulties 
in th is  d irec tion  were p resen ted  by flywheels, which 
usually have a th in  web and a  heavy rim . Some 
foundrym en have m et th is  s itu a tio n  by a rran g in g  
the pouring  basin So th a t  i t  w ill also ac t as a 
feeder, b u t even th is is n o t necessary if  a properly 
designed s tra in e r  g a te  is used.

A t one tim e  i t  was th o u g h t im practica l to  le t 
anyone b u t experienced moulders pour th e  iron, 
bu t w ith  th e  adven t of continuous pouring  i t  was 
soon ap p a re n t th a t  th e  efficiency of th e  moulders 
could be g rea tly  increased by relieving them  of 
th is  arduous task . P o u rin g  crews which did 
no th ing  b u t pour iron were th e re fo re  form ed. A t 
first i t  was a ttem p ted  to  teach  them  to  ju d g e  the 
proper pouring  tem p era tu res  of th e  various cast
ings and  im press upon them  th e  im portance of 
skim m ing the  iron  ; b u t du rin g  th e  h o t sum m er 
months, when th e  labour tu rn o v e r necessita tes th e  
co nstan t use of new men, i t  was soon found th a t  
th e ir  knowledge had  to  be reduced to  th e  simple 
operation  of keeping th e  pouring  basin , o r sprue, 
filled to  th e  top . T his s itu a tio n  was m et by 
placing t in  discs over th e  sprue, and  th e  applica
tion  of s tra in e r  gates which skim  th e  iron  and 
regu la te  th e  pou ring  tem p era tu re . W hile they 
have n o t been generally  adopted , th ey  have defi
n itely  proved th e ir  value and usefulness in  th e  
m aking of autom obile castings, because iron will 
more read ily  rid  itself of slag  and produce a more 
uniform  qu a lity  if i t  is m elted and poured a t  a 
high tem p era tu re . I f  convenient, th e  iron  may 
be s tra in ed  th rough  openings placed in  th e  regu lar 
cores, b u t o rd in a rily  i t  is easier to  m ake separa te  
s tra in e rs  fo r th is  purpose, and  F ig . 2 shows a 
num ber of such cores and  th e ir  application .
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Pattern Equipment.

Since th e  m achine shop does no t check for 
dim ensions before se ttin g  th e  casting  for the  first 
operation , th e re  is need of very close checking a t 
the foundry . The m ost sa tisfac to ry  way to m eet 
th is condition  is to  g u a ran tee  certa in  locating  
po in ts by w h ich - th e  castings are  se t in to  the  
m achine. This gives th e  foundry a  chance to  
build a sim ilar fix ture  in  which, by m eans of tem 
plates, sligh t varia tions can be ad justed  a t  the  
locating  po in ts and g rea te r varia tio n s can be 
rejected  before th e  castings leave th e  foundry. 
In  malleable iron, where the  annealing  may cause 
some w arping, th e  castings can be ru n  through  
heavy power- presses which m ake them  practically  
perfec t as fa r  as dim ensions are  concerned, b u t 
in grey iron  these specifications have to  be m et 
w ithou t such recourse.

The first requ isite  in  m eeting these specifica
tions is good p a tte rn  equipm ent, and a  g rea t 
am oun t of study  and a tten tio n  to  details is 
requ ired  to  build  successfully a p a tte rn  and core
box equipm ent fo r com plicated autom obile cast
ings.

In  order to  avoid delays and losses, n o t only in 
th e  foundry  b u t in  the  m achine shop as well, 
every item  re la ted  to  th e  production  of a p a rticu 
la r  casting  should be carefully planned and fully 
considered beforehand. In  a production foundry 
th is reaches fa r  beyond th e  im m ediate p a tte rn  and 
corebox equipm ent, because i t  is necessary th a t  
m achines and handling  equipm ent be definitely 
located and  th e  flow of th e  m ate ria l th rough  th e  
p la n t be rou ted  in  advance.

A well-equipped p a tte rn  shop is a definite neces
sity , especially where in tr ic a te  castings are  made, 
and tool equipm ent for both wood and m etal 
should include th e  la te s t m achines developed for 
th is  purpose.

Some of th e  la te s t add itions in labour-saving 
m achines for p a tte rn  shops a re  th e  high-speed 
punches fo r m aking  tem plates, filing machines, 
horizontal g rinders w ith m agnetic tables fo r grind
ing driers, and th e  au tom atic  profiling machine. 
The profiling m achine is proving especially valu
able in  th e  p roduction  of duplicate  p a tte rn s  and 
core boxes, because any num ber of p a tte rn s  or
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core boxes can be accurately  reproduced from 
e ith e r wood or m eta l models. S tr ip p in g  p lates 
and  sim ilar pieces can  be produced from sheet

m etal tem pla tes a t  a g re a t sav ing  of labour. 
F ig . 3 shows a profiling m achine producing a gang 
corc-box from  a single model.

F i g . 8 .— A  S i n g l e  C o r e  B o x  f o r  B e n c h  
W o r k  ( L o w e r ) ,  a n d  a M u l t i p l e  B o x  
f o r  a R o l l -o v e r  M a c h in e  f o r  t h e  
P r o d u c t io n  o f  t h e  s a m e  C o r e .
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D ue to  th e  excessive w ear, m etal is th e  only 
prac tica l m ate ria l for production  p a tte rn s  and  core 
boxes. Double-face m atch-plates, and also some 
of th e  la rger p a tte rn s  and coreboxes, are  m ade of 
alum inium . F o r sm all-gated p a tte rn s  brass is the 
s tan d a rd  m ateria l, on account of th e  ease w ith 
which i t  can be soldered. F o r large p a tte rn s , and 
w here g re a t accuracy has to  be m ain ta ined  over 
a  long period, cast iron  is th e  m ost satisfactory  
m ateria l, and is there fo re  used whenever possible.

The double-face alum inium  m atch-plate w ith 
v ib ra to rs is extensively used for sm all eastings 
th a t  have to  be ru n  in te rm itten tly , because the  
changing from  one p la te  to  th e  o ther is very easily 
accomplished, and i t  can be used on e ither a bench 
or a  m achine. They are  usually used in  connection 
w ith  snap flasks and steel bands, or slip boxes. 
V ery tru e  castings can be produced by th is method, 
because th e  p la tes a re  centred by the  flask pins, 
and  can  therefo re  be rapped  only by m eans of 
a v ib ra to r, which affects th e  dimensions of the 
castings very little . The m atch-plate adap ts itself 
to  e ith e r ram m ing on a bench or a hand  o r power 
squeezer.

F o r  g rea te r q u an tities  the so-called sp lit p a t- 
te rn -p la te  is to  be preferred . By th is method the 
cope and d rag  a re  m ounted on separa te  machines, 
and th e  com bination joit-squeeze s trip p in g  type 
of m achine is the  fas test for th is  purpose. The 
first, or m atch-p late  m ethod, requires a moulder 
of considerable tra in in g , while th e  second method 
can be successfully perform ed by labourers of 
average intelligence who a re  w illing to  ex e rt them 
selves beyond th e  requirem ents of o rd inary  labour.

The cope and d rag  moulds of la rger castings are 
always made from two separa te  plates, which are 
m ounted on e ither a jo lt roll-over o r a jo lt squeeze 
s trip p in g  m achine. This p rac tice  has become 
stan d a rd , a lthough qu ite  a num ber of sand- 
slingers a re  being successfully used.

F or accurate  results, production  p a tte rn s  should 
be m achined all over. W here s trip p in g  plates are  
used, they  should he carefully  fitted , and to  assure 
a m inim um  of wear on th e  p a tte rn  and stripp ing  
p late , also to  guard  aga in s t inaccuracy through 
worn m achines, th e  s trip p in g  p la te  should be pro
vided w ith heavy guide p ins which move in 
hardened  bushings in  th e  p a tte rn  p late .
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Flask Equipm ent.
The flask equ ipm ent plays an  im p o rtan t rôle in 

q u an tity  production , and has a g re a t  influence on 
the  quality  of th e  castings. The flasks should 
be m ade of m etal, have m achined jo in ts and  accu
ra te ly  fitted  closing pins. F lask  bars should be 
designed so as to  e lim ina te  tuck ing  of sand under 
th e  bars and se ttin g  of gaggers and nails.

T here a re  definite rules which can be followed 
in  designing a flask for p roduction  work, and 
th e re  a re  few jobs' in which gaggers and  nails 
cannot be elim inated  if these ru les a re  followed. 
F o r instance, th e  m oulding of a c e r ta in  cylinder 
block requ ired  78 gaggers and  42 nails, b u t by 
redesigning th e  flask, all of these were elim inated  
w ith  th e  exception of e ig h t nails. S ince i t  also 
elim inated  th e  tuck ing  of sand u n d er th e  bars, 
i t  can easily be seen th a t  th e  ram m ing  of th e  
mould was reduced to  a very  sim ple operation , 
which could be done by any in te llig en t labourer. 
Special a tte n tio n  is necessary w here h o t flasks 
a re  ram m ed on jo lt m achines, and  thoroughly  
tr ie d  rules for b a rr in g  were described in  a 
P ap e r * p repared  by th e  au th o r fo r th e  1923 Con
vention of th e  A m erican F oundrym en’s Associa
tion . F ig . 4 illu s tra tes  some of th e  rules m en
tioned  in th a t  P ap er.

Floor and Conveyor M oulding.

Aside from  th e  m achine, flask and  p a tte rn  
equipm ent, th e re  a re  several m ethods of p roduc
ing castings in  the  foundry . The moulds m ay be 
m ade and se t on the  floor d u ring  th e  m orning 
and early  p a r t  of th e  afternoon  and  shaken ou t 
by a n ig h t gang, who also p rep a re  th e  sand for 
th e  n ex t day.

I f  continuous pouring  is p rac tised , th e  moulds 
a re  usually  poured by a pouring  gang  as fa s t as 
they  a re  produced and  shaken  o u t as soon as 
they  have sufficiently cooled. This m ethod 
requires only from  tw enty-five to  fifty  per cent, 
of th e  flask equ ipm en t of th e  first m ethod and 
reduces th e  required  floor space by abou t fifty 
per cen t. This reduced floor space can  again  be

* Lenz, A. “ F lask  Equipment, for Moulding M achines,” Trans
actions. A .F .A ., vol. 30, pp. 726-740, 1923.
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cu t in  tw o by th e  use of g rav ity  conveyors, as 
arranged  in F ig . 5. This has also th e  advan
tag e  over th e  second m ethod in  th a t  i t  removes 
th e  pou ring  and shak ing  o u t from  th e  im me
d ia te  v ic in ity  of th e  m oulders, g iving them  b e tte r  
w orking conditions and th e  foundry  a more 
orderly  appearance.

The la te s t developm ent in  green  sand m ould
ing equ ipm ent is th e  power conveyor, which 
conveys the  moulds th rough  th e  various opera
tions, s ta r tin g  a t  th e  d rag  m achines and  end ing  
a t  th e  shake ou t. This sam e system also delivers 
th e  sand  to  a c en tra l tem pering  u n it, from  where 
i t  is re tu rn ed  to  bins over th e  m oulding machines. 
One such u n it produces 2,100 cy linder castings 
weighing 126 lbs. each in  n ine  hours, w ith  a crew 
of e igh ty  men, o r 26 cylinder blocks p er m an , on 
a floor space of 260 f t .  by 40 f t . ,  includ ing  th e  
necessary gangw ay and  sufficient space for the  
sto rin g  of co res; while a sm aller size produces 
2,300 cylinder heads on a floor space of 120 f t .  
by 40 ft . F igs. 6 and 7 show two such un its .

In  th e  p roduction  of medium -sized castings 
th e  new sand and  coal d u st a re  added in to  th e  
system  so th a t  no special facing  sand  is needed 
over th e  p a tte rn . The sam e m ay be done on 
la rg er castings, b u t due to  th e  cu ttin g  action  of 
th e  m etal o r th e  b u rn ing  in  a t  some sm all projec
tions a  sm all am ount of special fac ing  m ay be used 
a t  c e rta in  points.

In  m oulding a casting  of th e  n a tu re  of a 
cylinder block on a conveyor, th e  opera tions are 
very closely divided. Each m oulding m achine is 
usually m anned  by, a ram m er, labourer and  a 
finisher. The first tw o produce th e  mould and 
th e  finisher patches o r corrects any im perfections, 
w etting  th e  core p rin ts , d usting  and  brush ing  the 
g rap h ite , and  se ttin g  th e  mould on th e  conveyor. 
T here m ay be a num ber of core se tte rs , each one 
se ttin g  one o r m ore cores, while th e  gauging  of 
th e  cores m ay be done by  a m an sta tio n ed  a t  the  
end of th e  core se ttin g  line. A fte r th e  copes 
are  set on, th e  operations are  fu r th e r  divided 
in to  clam ping, m oulding of a pou ring  basin, 
se ttin g  of th e  pouring  basin , pouring , tak in g  off 
of th e  clamps and  rem oving th e  pouring  basins. 
On th e  shake o u t end th e  opera tions call for
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rem oving and shak ing  th e  cope, tak in g  o u t th e  
casting  and loading it , shak ing  o u t the  d rag , 
rem oving th e  'bottom hoard and  p lacing  bottom  
board, d rag  and cope flask on th e  conveyor to  
he re tu rn ed  to th e  moulders. All these operations 
m ust be well tim ed, because congestion a t  any 
one p o in t would hold up th e  whole line.

Core D epartm ent.

In  some of the  production  foundries, especially 
in those producing autom obile castings, the  core 
dep a rtm en t occupies an  im p o rtan t place, and its 
force may exceed th a t  of th e  foundry . A 
cylinder block, for exam ple, may requ ire  as m any 
as fifty o r more separa te  cores, which, if stored  in 
large  quan tities, would ta k e  up a p roh ib itive 
am ount of floor space. To avoid th is  th e  cores 
are  produced only fa r  enough in  advance to  get 
them  to  th e  foundry in  tim e to  se t in to  th e  
moulds. Since a t the  end of th e  day th ere  m ay 
not ibe one h ou r’s supply in th e  core-room, expert 
ro u tin g  th rough  the various opera tions is 
required . To insure accurate  records and 
balanced stock, all defective cores, found e ither 
in  the  core-room or foundry, m ust be tu rn e d  over 
to  a dep a rtm en t created  for th e  purpose.

Due to  th e  in tric a te  n a tu re  of the  cores and 
th e  necessity of holding them  to  close dim ensions, 
a core d ep a rtm en t of th is  n a tu re  requires th e  
best of core box and m achine equipm ent, besides 
a g rea t num ber of gauges and fixtures. F o r best 
results, all cores should be m ade on m achines 
whenever possible, and many ingenious core boxes 
and devices have been developed to  m ake th is  
possible. If  sm all cores are a rranged  in  gangs 
and mounted on machines, no t only g rea te r 
accuracy is possible, b u t p roduction  can be 
m aterially  increased.

F ig. 8 shows .a single box for bench work and 
a m ultiple box for a roll-over m achine of one of 
the  more difficult cores. The production  in  th is  
instance compares w ith  500 to  600 cores on a 
bench, against 1,000 to  1,200 on a m achine, both 
made by a girl in  a n ine-hour day.

F ig . 9 shows an ex tru d in g  m achine producing 
two sizes of p lain  cylinder cores. These cores 
can be made on a bench from  a sp lit box, ram m ed
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w ith a stick and rolled on a p la te  a t  a daily pro
d u c tio n o f  400 cores, o r th e  cores may be rammed 
in a sp lit box on a small jo lt m achine and placed 
011 d riers, a t  a production of 580 per day per

F i g . 11.—A C o r e  B o x  w i t h  V e n t  W i r e s  
i n  P o s i t i o n .

m an. If  ex truded  on a machine, cut to  the 
proper length  by means of a w ire-cutting  a ttach 
m ent and removed on driers, the  production will 
increase to  2,700 cores of each size per day for 
six men. In  each instance th e  quality  of the 
cores improves w ith the  increase in production.
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Fig. 10 is a view of a section of a production  
core-room, in  which all cores a re  m ade on 
machines, e ither in  single o r m ultip le  core boxes.

The operations involved in  m aking  a core 
should be reduced to  the  sim plest form  and  follow 
a s tan d ard  p rac tice . The w iring and  ven ting  
m ust be determ ined  and  definitely located, or 
indicated , in  th e  core box, so th a t  un ifo rm ity  
m ay be assured.

The best resu lts a re  obtained  if th e  v en ting  is 
done by m eans of w ires which a re  placed in  th e  
core box before i t  is filled w ith  sand, and  w ith 
draw n a f te r  ram m ing. This m ethod produces 
clean, positive vents, which can be checked by 
prob ing  w ith  wires. To p reven t th e  iron  from 
en te r in g  th e  v en t system all outside openings not 
needed in  passing th e  v en t from  one core to 
ano ther, or lead ing  th e  gases_ o u t th ro u g h  th e  
mould, are  carefully  closed w ith  a paste  m ade 
of g rap h ite  or soapstone. F ig . 11 shows a core 
box w ith ven t w ires in  position.

To speed up production  and  to  in su re  against 
changes in  th e  m ethod of w iring , all core wires 
are  c u t and  form ed before they  reach  the  core
m aker. The form ing is done in  a sep a ra te  de
p a rtm en t, whioh is usually  equipped w ith  au to
m atic  w ire cu ttin g  and  form ing machines, or 
w here only sm all q u an titie s  a re  requ ired , the  
bending m ay be done q u ite  accurately  and 
efficiently w ith hand-operated  form ing  dies. The 
im portance of th e  above can be more appreciated  
if i t  is realised th a t  a foundry  producing about 
fou r h und red  tons of au to  castings p er day con
sumes approxim ately  500,000 core wires.

In  th e  p roduction  of accura te  cores a t  high 
speed in large  quan tities , m etal core d riers are 
essential because bedding of cores slows up the 
operation , produces a rough surface, and unless 
done by an  ex p ert, destroys th e  necessary 
accuracy requ ired  in quality  work. W ith  the  em
ploym ent of m odern m achines, experience, and 
a thorough knowledge of th e  shrinkage o r con
trac tio n  of th e  m etals to  be employed, also the 
necessary clearances, these d riers can  be b u ilt very 
cheaply.

The assembling of cores, before they  are 
delivered to  th e  foundry , commands a  g rea t deal
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of a tten tio n , especially if they  a re  to  he used 011 
conveyors where each core m ust be a p erfec t fit. 
The old m ethod, f ittin g  by rubb ing  two cores 
together, is a th in g  of th e  past. To ensure accu
racy, all jo in ts  a re  g round  on surface grinders 
before pasting , and if th e  bores of cylinder w ater 
j ackers a re  sp lit on th e  cen tre  line  of th e  cylinder 
they  a re  bored o u t on special g rind ing  machines, 
which will remove all ir regu la rities . This also 
establishes a  definite cen tre  line and removes all 
possibilities of an uneven wall thickness. F ig . 12 
shows some of these  grinders. W henever possible, 
large core assemblies a re  p u t toge ther on progres
sive lines, and  F ig . 13 illu s tra tes  such an arran g e
m ent, in  which th e  cores are  moved along th e  line 
by m eans of g rav ity  conveyors.

In  any autom obile foundry , p rac tica lly  all of 
th is  work can be done by girls, because th e  pieces 
th a t  a re  beyond th e ir  w eight lim it a re  moved along 
on g rav ity  conveyors. All assembly jigs in to  which 
th e  cores a re  assembled a re  accura te  duplicates of 
the  m ould, and  every bearing  su rface is lined w ith 
hardened  steel, which can be easily replaced. Since 
th e  locating  points correspond to  th e  core p rin ts 
and chaplet's in  th e  m ould, th e re  is very little  
troub le  in  th e  foundry  from  crushes or bad fits, 
and  the  m oulders are  therefo re  no t perm itted  to 
file o r otherw ise fit a core.

C leaning Q uality Castings.

Along w ith  closer dim ensions and b e tte r  m etal 
has also come th e  dem and for b e tte r  appearances 
and absolute freedom  from  sand and scale. The 
tum bling  m ill, which has served so well in  pro
ducing th e  m uch-desired burn ished  appearance, is 
no longer adequate, because i t  is n o t always pos
sible nor p rac tica l to  remove fused sand and scale 
from  sm all depressions an a  corners. H igh-grade 
castings coming in to  con tac t w ith  th e  oil of the 
lub rica ting  system  m ust there fo re  be sand blasted, 
or sand  b lasted and  tum bled. Such castings m ust 
also be delivered free from  ru s t, which is qu ite  
con tra ry  to  th e  theory  of seasoning in th e  w eather 
of a few years ago. Since th e  cost of sand b las t
ing, like th a t  of m any o ther operations, was ju s t 
ano ther item  th a t  h ad  to  be absorbed by th e  
foundrym en, they  were forced to  find more
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economical m ethods. The continuous sand blast 
room, th rough  which th e  la rger castings are car
ried  on chain  conveyors, and the  continuous sand 
b last m ill, which receives and ejec ts sm aller cast- 
ings in  a continuous stream , are  now perform ing 
th is  opera tion  a t  a frac tion  of th e  form er cost.

A few years ago practically  all cylinders and 
sim ilar castings were chipped w ith a ir hammers. 
W ith  th e  increasing  dem and for th is type of cast
ings cam e also a  shortage of h igh-grade chippers, 
which even h igh wages could not overcome. 
E lec tric  sw ing grinders and  small a ir  grinders, 
which a re  easy to  operate, were finally pressed 
in to  service, w ith  th e  resu lt th a t  they  have prac
tically  replaced th e  a ir  chippers and improved 
th e  q u a lity  of work a t  a considerable reduction 
in  cost.

Inspection and Control.

To control th e  losses inciden t to  high-quality 
in tric a te  castings requires constan t checking, and 
a well-organised and well-equipped inspection 
dep artm en t is a definite necessity. Unless defects 
a re  located, and prom ptly  and  accurately reported, 
th e  losses can assume disastrous proportions. 
This is especially tru e  when castings are  stored in 
large q u an tities  by th e  consumer, in  which case 
th e  foundry  should insist th a t  a certa in  num ber be 
m achined on the  a rriva l of each shipm ent. This 
will p ro tec t both producer and consumer.

On m any castings i t  is necessary to  build 
e laborate  checking fixtures in to  which th e  castings 
can he se t and th e  finishes inscribed w ith 
hardened  steel poin ts moving in  hardened and 
ground bushings. On others, where visual inspec
tion  is inadequate , the  checking can be done by 
m eans of gauges and tem plates.

A definite understand ing  should be had w ith 
th e  m achine shop as to  th e  ex ten t' of th e  foundry’s 
responsibility, especially as applied to  cracked 
castings. H arm onious relations can easily be 
m ain ta ined  if, in  add ition  to  th is , a capable rep re 
sen ta tive  of th e  foundry  receives and inspects all 
re jected  m ateria l a t  th e  m achine shops and means 
a re  provided definitely to  check disputes over lack 
of stock o r e rro rs in  m achining.

T here is a grow ing tendency in  progressive 
m an u fac tu rin g  in s titu tio n s to  operate w ith  a

D
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m inim um  stock of raw  m aterials, and p lants which 
a  few years ago carried  a  six ty  and ninety  day 
surp lus, and in  some cases con tracted  for six 
m onths in  advance, now opera te  successfully on a 
tw o to  th ree  weeks’ basis, which a t  tim es may be 
reduced to  an  even shorter period. In  a foundry- 
producing castings under th is  condition, th e  work 
in  process and th e  finished castings on hand  may 
no t exceed one day’s production in th e  foundry. 
If , in  add ition , th e  shipm ents m ust synchronise 
w ith th e  daily production  of the  consumer, the  
scheduling of o u tp u t and shipm ents m ust receive 
special a tten tio n .

Rem oval of Refuse.
The disposition of refuse in  a large foundry is' a 

considerable item  and various m eans have been 
devised, such as belt and pan  conveyors which 
tak e  th e  refuse from  hoppers placed beneath the 
floor line, from  which th e  sand  is raised to  storage 
bins by m eans of bucket elevators. If  th e  bins 
a re  placed across th e  ra ilroad  tracks, or arranged 
so th a t  trucks, tram ra ils , monorails, cableways, or 
o ther m eans of conveyance can be placed directly 
u n d er th e  hoppers, th e  sand can be removed very 
cheaply.

P erhaps the  m ost economical and novel instal
la tion  for rem oval of refuse is in  operation  in 
one of th e  foundries under th e  m anagem ent of 
th e  au thor. In  th is case th e  sand is removed from 
th e  castings in  a room s itua ted  between the  
foundry  and th e  cleaning departm ent, passed 
th rough  floor hoppers on to  a belt, one end of 
which is equipped w ith  a  m agnetic pulley which 
removes th e  iron from th e  sand. The b e lt feeds 
th e  sand in to  a crusher, which pulverises all 
included cores and  discharges in to  a ta n k  of w ater 
from  where a cen trifuga l pum p removes th e  m ix
tu r e  of sand and w ater and conveys it, by means 
of a p ipe  line, to  a  swamp located back of the 
foundry . Since th e  w ate r used for p lan t purposes 
is taken  from  a river bordering on th is swampy 
area, th e  cost of tra n sp o rta tio n  reduces itself to  
th e  power of ru nn ing  th e  pum ps and the  invest
m en t in the  pum ps and pipe line.

Since th is refuse consists alm ost en tire ly  of 
burned  core and m oulding sand, and is deposited 
clean and well pulverised, there  is a  possibility of

d 2
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reclaim ing it , because, from  all appearances, the  
oil in th e  core sand  is w eathering  o u t very rap id ly .

A pplication o f H andling Equipm ent.

According to  an analysis* of M r. Sklovsky, of 
Messrs. D eere & Company, th e  hand ling  of 168 
tons of m a te ria l is requ ired  to  produce one ton  
of good castings in  th e  o rd in ary  foundry . Since, 
in  m ost foundries, hand ling  of m a te ria l is still 
done by laborious h and  m ethods, i t  is safe to  
p red ict th a t  th e  g rea te st developm ent in the 
foundry industry  in  th e  n e x t decade will be in 
reducing  th e  han d lin g  of m ateria ls  to  a  more 
m echanical basis. A g re a t deal has already  been 
accomplished in th is  d irection , b u t as in  o th tr  
labour-saving devices, th e  adoption  of existing  
and th e  developm ent of new m eans for th is  pu r
pose has been largely confined to  th e  production 
foundry.

How one developm ent m ay lead to  ano ther is 
well illu s tra ted  by an instance  th a t  happened in 
a  m alleable foundry  w ith which th e  au th o r is 
identified. P rac tica lly  all th e  h igh-grade m alle
able iron produced in  A m erica is m elted in  the 
a ir  fu rnace, which does n o t a d a p t itself to  con
tinuous pouring  unless a num ber of furnaces are 
a rranged  so th a t  one of them  is always ready for 
pouring . This has p reven ted  th e  m alleable-iron 
industry  from  tak in g  advan tage  of th e  benefits 
derived from  p u ttin g  th e  foundries on a  con
tinuous production  basis. K now ing definitely the 
savings th a t  could be affected by m ore modern 
m ethods, though ts were tu rn ed  tow ard  th e  develop
m en t of some m elting  process th a t  would make 
th is  saving possible. This has now resulted  in  a 
new cupola-electric fu rnace  process which no t only 
m eets, b u t exceeds th e  specifications for high- 
grade m alleable iron. I t  has m ade possible the 
build ing  of a series of mould, sand-handling, and 
casting  conveyors, and, toge ther w ith  continuous 
mills and continuous annealing  ovens, m arks a 
definite step  forw ard in th e  production  of m alle
able-iron castings.

I t  m igh t be of in te re s t to  p o in t o u t a few of 
th e  perform ances achieved by th e  application of 
labour-saving devices. By m eans of a crane and

•  " The Foundry ” April 1 5 ,1 9 2 1 .
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m agnet i t  is possible to  move all incom ing pig- 
iron and  steel scrap from  cars to  stock piles, and 
a t  th e  sam e tim e  supply th e  charg ing  deck w ith 
all th e  iron , including foundry re tu rn s and lime
stone requ ired  for a 600-ton m elt, w ith  fou r men. 
By th e  use of m echanical sand-conditioning and 
d is tr ib u tin g  equipm ent, two men are  conditioning 
and  d is tr ib u tin g  approxim ately  400 tons of mould
ing  sand  every n ine  hours. In  add ition  to  th e  
large o u tp u t per m an-hour, th e  sand  is cleaned of 
all iron  and has a te x tu re  and un ifo rm ity  of bond 
and  m oisture  th a t  cannot be consistently repro
duced on th e  floor even by th e  best moulders. On 
a  conveyor, one m an sets 4,200 cores weighing 
45 lbs., a n d  six  m en pour 160 tons of iron in to  
2,100 castings.

G rea t savings a re  possible by th e  use of electric 
li f t  trucks for m oving platform s on which m ateria l 
is loaded, and electric and gasoline trucks and 
trac to rs . T he m ost efficient m eans of tran sp o rta 
tion , however, is found in  th e  application  of 
conveyors, and th e  tendency in  th e  production 
foundry  to  ad ju s t its  principles to  th is  type of 
tra n sp o rta tio n  is growing w ith every year. The 
specialty  foundry  producing such castings as pipe, 
carwheels, rad ia to rs, fittings, etc., has the  advan
tag e  in  th is  respect, and i t  will only be a  m a tte r  
of a  short tim e u n til th e  more progressive of them  
will have a continuous flow from raw  m ateria l to  
the  finished product. The foundry producing a 
g rea te r v a rie ty  and m ore in tr ic a te  castings will 
find a com bination of th e  continuous and in te r
m itte n t ty p e  of equipm ent th e  m ost economical, 
especially in  the  application  of continuous core 
ovens, core delivery, and cleaning-room equipm ent.

In  concluding, th e  au tho r wishes to  s ta te  th a t  
his convictions in  regard  to  th e  production  of 
q u a lity  castings in  q u an tities  is based on a 
varied  experience in  both jobbing and production 
foundries, as p rac tica l m oulder, core m aker, 
m elter, forem an, su p e rin tenden t and m anager. 
H e recalls no t a single instance where th e  applica
tio n  of quan tity -p roduction  has n o t improved the 
quality  o f th e  product, improved th e  s ta tu s  of 
th e  workmen and resulted  in  g rea t benefits to  th e  
p roducer as well as to  th e  consum er. H e  is a
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g re a t believer in  th e  exchange of ideas among 
m anufac tu re rs  and com petition  by ind iv idual effi
ciency. H is belief is perhaps streng thened  
th rough  h is close con tac t w ith  th e  automobile 
industry , which has immensely benefited by prac
tis in g  th is  policy in  th e  m ost liberal m anner. He 
realises th a t  th e  g re a t consum ption and d is tri
b u tin g  facility  of th e  U n ited  S ta tes , w ith in  its 
own borders, p resents a  condition  especially 
favourable to  th e  app lication  of these m anufac
tu r in g  m ethods, b u t hav ing  sp en t h is early  life 
and  received h is e a rly  tr a in in g  on th e  C ontinen t 
of E urope, he knows th a t  th ere  is a  g rea t deal of 
room, if n o t an  ac tua l need, for more specialisa
tion  and  th e  economical benefits derived from the 
application  of th e  princip les of q u an tity  produc
tion .

D ISC USSIO N.

M r . E. L o n g d e n , discussing the  application  of 
hand ling  equipm ent, po in ted  to  the  s ta tem en t th a t 
fou r m en could handle a  600-ton m elt, and said 
th a t  i t  was very ambiguous. O n th e  face of it, 
th a t  would be a w onderful perform ance, and there 
m ust be a g rea t deal more behind it . H e asked 
how m any men were employed in  the  handling of 
the m a te ria l on the  charg ing  p la tfo rm  o ther than  
those on th e  electro  m agnetic , because i t  appeared 
to him  th a t  th ere  were a g re a t m any more men 
requ ired  for hand ling  and p u tt in g  in to  position 
for the  electro-m agnets, so th a t  w hat was gained 
on the  swings m igh t be lost on th e  roundabouts.

M r . A. H a r l e y  (Coventry) agreed cordially w ith 
the thesis p u t fo rw ard  in  the  P ap er, th a t  q uan tity  
p roduction  did m ean quality , and said i t  was 
obvious th a t  where every operation  was separa ted  
in th e  m anner ind ica ted  in  th e  P ap er, th e  results 
m ust be b e tte r  th a n  those ob tained  in the  ord i
nary  jobbing foundry . C om m enting on the  w arn
ing given by M r. A rth u r H enderson in welcoming 
the mem bers and  delegates th a t  m orning, as to  
the  danger of men becoming m erely rou tine  
workers, he said the  problem  was a difficult one. 
U nder m odern conditions we could no t very well 
get away from  th a t . A t the  same tim e, it" m ust 
n o t be ignored by the  workmen to-day th a t  th e re
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were still fields for th e  exercise of th e ir  in telli
gence in  the design of equipm ent and in the m etal
lurgical problems associated w ith foundry w o rk ; 
th a t  while th e  skill requ ired  in  m oulding and core 
m aking was being reduced to  a  negligible point, 
th e re  were o ther problems in the solution of which 
th e  b ra ins of the  workers could be well exercised. 
One of the  chief problems to-day in large foundries 
was the  handling  of m ateria l, and he prophesied 
th a t  in the  n ear fu tu re  m any of the large 
foundries here  would have to adopt m echani
cal m eans of conveying m ateria l, such as were 
dealt w ith  in  th e  P ap er. T he difficulty about 
adop ting  q u an tity  production  m ethods in th is 
country  was th a t  of disposing of the products 
made. R ecently  he had  laid  o u t plans for a  
foundry  fo r a very large ou tpu t, and w ith 
every m echanical convenience th a t  could be 
employed, b u t was up aga in s t m ark e t conditions. 
Such a foundry  was definitely dependent upon a 
selling o rganisation  th a t  would clear the produc
tion  quickly, b u t the  conditions in  th is country 
gave us pause, because i t  would be disastrous if 
any h itch  occurred e ither in  production or in dis
posing of the castings produced due to  spasmodic 
dem and. T here was ano ther side to the picture, 
however, nam ely, th a t  such methods certain ly  
reduced costs, and  th a t  in itself would probably 
create  the necessary m arket.

Mb. H o b a c e  J .  Y o u n g , F .I.C . (London), in  a de
nuncia tion  of in tensive price cu tting , referred  to  a 
foundry  which was tu rn in g  ou t 100 to  120 tons 
of castings weekly w ithout m aking a profit. The 
question would arise in  the  m inds of his hearers 
w hether th a t  foundry  made castings a t  a com
petitive  price, and  he could s ta te  th a t  the  cast
ings in  question were m anu factu red  a t  a cost of 
8s. to  10s. per cwt. Som ething more than  
economical mass production  was involved. I n  his 
opinion our foundry  troubles in th is country  were 
due p a rtly  and m ainly to  the cu t-th ro a t trad e  th a t 
existed. T here were a  num ber of founders in  th is 
country  w illing to  make castings a t  a loss, thus 
deliberately  ru in ing  the industry . H e knew of 
foundries which could no t ge t work save a t  a loss, 
and when a foundry  produced castings a t  less 
th a n  10s. per cwt. and yet could no t make a profit 
i t  proved there  was som ething radically  wrong a t 
the core of the  foundry  trade .
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THE PRACTICAL UTILISATION OF APPARATUS  
FOR MEASURING THE PERMEABILITY AND 

COHESION OF MOULDING SANDS.

B y R . Lem oine, P aris.

[F rench  E xchange Pajm r.]

INTRODUCTION.

A lthough no precise in fo rm ation  is available 
as to  the  in tim a te  co n stitu tio n  of m oulding sands 
and  th e ir  behaviour in  service, th e  experim ents 
m ade in  recen t years have resu lted  in  th e  design 
of ap p a ra tu s  for m easuring  th e  gas-perm eability 
and  cohesion a t  o rd inary  tem p era tu re  w ith  any 
given percen tage of hum id ity .

In  th e  p resen t s ta te  of our knowledge of these 
sands, the  m ethods o u tlined  by th e  “ Committee 
for T esting  Sands ”  of th e  A m erican Foundry- 
m en’s A ssociation m ust be regarded  as most 
nearly  approaching th e  ob ject in  view. This does 
no t, -of course, im ply th a t  th e  princip les adopted 
in  these te s ts  are th e  only ones capable of being 
applied to  th e  m easurem ent of c e rta in  complex 
properties of sands, because i t  would be quite  pos
sible to  evolve o th e r m ethods and  devices for the 
purpose; b u t as a  choice has to  he  m ade and  the 
methods re fe rred  to  above have th e  advantage of 
hav ing  been widely used fo r some tim e, and the  
resu lts have been found to  be sufficiently accurate 
and in ter-com parable, a t  least where th e  necessary 
precau tions are  taken , i t  is th e  m ethods of the 
A .F .A . th a t  have been considered in  th e  present 
paper.

As s ta ted  above, these m ethods enable th e  per
m eability  and  cohesion a t  o rd in ary  tem pera tu res 
to  be m easured, while, actually , w hat i t  is neces
sary  to  know is th e  value of these p roperties a t  
high tem pera tu res , or, a t  least, those properties 
th a t  have a  d irec t hearing  on foundry  conditions. 
N evertheless, a knowledge of th e  properties a t  
o rd inary  tem p era tu re  is of g rea t in te re s t to  the
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foundrym an, especially if applied in  accordance 
w ith  specific d irections. I t  is th e  object of th is  
P a p e r to  explain  broadly w hat the  rules are .

T he questions to  be settled in  foundries in  con
nection w ith  m oulding sands fall in to  the  
following th ree  categories : — (1) The careful selec
tio n  of th e  m ix tu res in tended  for use fo r a 
specific purpose, both as regards th e ir  composition 
and th e  m ethod of p re p a ra tio n ; (2) a  proper 
m ethod or methods fo r checking the  un iform ity  of 
th e  raw  m ateria ls used in  th e  p rep a ra tio n  of the  
m ix tu res: and  (3) a  proper m ethod o r methods 
of checking th e  m ix tu res p repared , w ith  a view 
to  securing th e  reg u la rity  of th e  operations they  
have undergone, and  constancy of properties.

I.— Control of the M ixtures.

C om position .—To enable th e  m ix tures to  be 
p repared  quickly, considerable knowledge of the 
raw  m ateria ls themselves is necessary. E xperi
ence of th is  k ind  is diffioult to  acquire, an d  in  
add ition  to  its  im m ediate in te rest, i t  ought to  be 
sufficiently comprehensive, enabling subsequent 
problem s to  be tackled , especially those coming 
in to  th e  second category above mentioned.

I t  is common knowledge th a t  th e  action of the 
m etal a t  h igh  tem p era tu re , o r a t  any ra te  the
action  on th e  surface layers of moulds, generally
consists of a d ry ing  o r bak ing  of the  bond and 
fragm en ta tion , more or less pronounced, of th e  
gra ins. Sand, when i t  has been acted upon in  
th is  way, loses its  cohesion and perm eability, 
owing to  th e  loss of some of th e  bonding con
s titu e n ts  and th e  increased percentage of fine 
particles.

One of th e  functions of new sand which is
added to  old sand  in  o rder to  form  a  m ix ture ,
consists in  supplying to  th e  whole, grains which 
a e ra te  i t ,  and fresh  bonding m ateria l which, 
a f te r  being su itab ly  p repared , restores perm ea
b ility  and cohesion to  sufficiently high values.

I t  will th u s  be seen th a t , for a given type 
of o u tpu t, a  so rt of balance m ust be established 
by m eans of which th e  composition of th e  m ix ture  
(p roportion  of new sand to  old) and th e  p rep a ra 
tion  m ain ta in  a t  a  constan t th e  perm eability  and 
cohesion of th e  m ix tu re  du ring  subsequent 
operations.
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Obviously, the very existence of th is  balance 
depends upon th e  fresh  sand  available and  the 
branch of foundry  w ork involved. I t  m ay, how
ever, be impossible to  ensure th is, especially if 
very complex properties a re  involved dependent 
on th e  in tim a te  n a tu re  of th e  sands used and 
which a re  impossible of investigation  in  regard  
to  suoli po in ts as refractoriness , its  effect on the 
skin of the  castings and abrasion by th e  metal, 
etc.

I f  one exam ines w hat takes place in  practice, 
i t  w ill be seen th a t  i t  is qu ite  possible to  proceed 
by com parison and s ta r t  from  a basis th a t  has 
been experim entally  established. S an d  control 
therefo re  am ounts to  ad ap tin g  th e  composition of 
th e  m ix tu res and th e ir  p rep a ra tio n , o r, in a word, 
to  th e  sole de te rm ina tion  of th e  equilibrium  
fac to rs outlined . This should certa in ly  be carried  
o u t in  m any foundries, even in  those which insist 
th a t  they  a re  satisfied w ith  th e ir  m oulding sands, 
b u t which, periodically and  because wasters 
increase, re jec t a  portion  of th e ir  old sands to  be 
d is trib u ted  in  new m ateria l.

This general contro l is sim ple to  achieve: i t  
am ounts to  assuring  constancy of perm eability  
and  cohesion, by contro lling  th e  composition of 
th e  m ix tu re , o r its  p rep a ra tio n , as will be shown 
fu r th e r  on. The properties are , of course, 
m easured w ith  th e  aid  of ce rta in  ap p ara tu s .

The question is more difficult w here a  new pro
d uc t has to  be tested . I t  is n o t usual to s ta r t  
en tire ly  w ith  new sand and allow i t  to  age in 
service, b u t th is  would certa in ly  be th e  best way 
of following th e  evolution of th e  p ropertie s of the  
sand , and of th e  efficiency w ith which i t  was 
p repared—in a  word, of studying  th e  factors th a t  
go to  m ake up “  balance.”

I t  would be extrem ely in te re s tin g  and would 
reduce experim en ta l work if  i t  were possible to  
compare sim ultaneously a new m ate ria l w ith those 
which a re  being used a lready  and whose practical 
properties were, of course, known. Foundrym en 
a re  unable a t  p resen t to  m easure d irectly  all th e  
factors th a t  control th e  behaviour of sands in 
service; th e  chemical, m echanical and o ther 
special methods of analysis and tes ts  a re  still 
insufficient, probably due to  th e  p a r t  played by 
th e  in tim a te  co n stitu tio n , n o r can  these nxethpds
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enable one to  com pare two sands in a  p ractical 
way. I t  is possible, however, th a t  the  variation  
of c e rta in  m easurable p roperties under the 
influence of a known fac to r form s a  valuable 
guide. M oreover, one may conceivably do w ith
o u t th e  ind iv idual knowledge of all these elem ents 
of th e  in tim a te  constitu tion  and con ten t oneself, 
for p rac tica l purposes, merely w ith  the effects of 
th e ir  v aria tio n  u nder definite conditions.

Among th e  discoveries made, th e re  a re  one or 
two special fea tu res  of in te rest, e .g .-.—

(1) W hen investiga ting  th e  varia tions in  p er
m eability  and cohesion of a  num ber of sands in 
term s of hum idity , i t  is found th a t  th e  re su ltan t 
curves p lo tted  are  of d ifferen t shape. In  many 
cases, working w ith, say, from 4 to  10 per cent, 
of w ater, each of th e  properties passes through  
a m axim um . In  ra re r  cases, the  maximum is only 
reached  fo r h igher percentages, and, for the  
cohesion in  p a rticu la r, i t  m ay only be a tta ined  
a t  tow ards 15 and  even 20 per cent.

The slope of th e  curves and th e  position of
th e ir  m axim a a re  po in ts of im portance. As
regards th e  shape, th e  branches may be a t  a 
g rea te r o r lesser d istance from the  horizontal, 
which m eans th a t  the  perm eability  and  cohesion 
of th e  corresponding sands are  more o r less 
sensitive to  hum idity . As regards th e  maxim a 
of th e  curves, th ree  cases may a r is e : th e  perm ea
b ility  and cohesion a re  th e  same w ith the  same 
percentage of w a te r; o r the  perm eability  is
reached w ith  a lower o r a h igher percentage of
w ater th a n  th a t  of th e  cohesion.

All these characteristics u n ite  in  th e  effect to  
produce fac to rs th a t  canno t be distinguished 
individually , such as quality , p lastic ity , capacity 
to absorb bond, its  d is tribu tion  in  re la tion  to  the  
grains, th e  behaviour of small partic les whioh do 
no t play th e  p a r t  of an active bond.

The very few experim ents th a t  have been 
carried  ou t on these po in ts fu rn ish  an insight 
in to  th e  practical in te res t which may be expected 
from  th e  m inu te  study  and comparison of one 
sand w ith ano ther in these respects. An example 
of th is  will be given la te r  on.

(2) Simple and studied  use of th e  American 
device fo r m oulding th e  perm eability  te s t speci
men shows th a t  all sands do not behave alike
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when ram m ed. The reduction  of volume they 
undergo under th e  sam e stress is variable. They 
a tta in , more o r less rap id ly , a  m axim um  com pact
ness, a f te r  which th e  blows of the  ram m er do  not 
appreciably  reduce th e ir  volume. A gain, fo r the 
sam e hum id ity  and  the  sam e ram m ing  stress, the 
hardness, m easured by m eans of th e  ball device 
designed by Mr. E . R onceray, is ju s t  as variable 
as th e  perm eability .

H ere  again  th e  size of g rains, th e ir  shape and 
all the  properties of the  bond in tervene.

(3) By apply ing  th e  hardness te s t  ind icated  by 
M r. D ie te r t,*  supplem ented by curves showing 
th e  v a ria tio n  of th e  perm eability  and  cohesion 
a f te r  hea tin g , in  te rm s of m oisture con ten t, and 
com paring these resu lts  w ith those found before 
hea ting , in fo rm ation  of a  h ighly p rac tica l na tu re  
may be obtained .

There is hard ly  any  need to  d ila te  upon the 
m easurem ents th a t  m igh t be th o u g h t o u t for com
p arin g  th e  behaviour of sands in  service w ith pro
perties  th a t  could be investiga ted  before using the 
sands, w ith  a  view to  com paring th e  m aterials 
ag a in s t each o ther.

In  each special case th e  experim ents most likely 
to  be useful should be taken , bearing  in  m ind 
th a t  those in  which the m oistu re  is th e  variable 
fac to r are  o ften  best, in  view of th e  p a r t  played 
by m oisture.

G enerally speaking, th e  m ethods only involve 
m easurem ents, in  th e  cold s ta te , of the  perm ea
b ility  and cohesion. Sometim es special experi
m ents a re  m ade when e labora ting  m oulding sands, 
especially in  th e  case of sand fo r steel foundries, 
where tb e  re frac to ry  properties, w ith  th e ir  com
plexities, p lay  a  p a rt .

A lthough the  au tho r has had  occasion to  make 
a few  tes ts  covering these questions, i t  would be 
clearly beyond th e  scope of th is  paper to  outline 
them , and  a  single exam ple will be given la te r  
of w h a t is possible.

Of th e  tw o p a rts  which go to  m ake up  a  m ould
ing sand, viz., th e  g ra in s and  th e  bond, th e  
fo rm er is generally  sufficiently re frac to ry  for steel 
foundry  purposes; b u t th is  is no t the  case w ith  
the  la tte r , th e  function  of which m ay be extrem ely

* “ Commercial A pplication of M oulding Sand T estin g .”  T rans. 
A .F .A .. V ol. x x x ii , P a r t II.
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variable. A sand cannot be considered as a 
homogeneous substance in  respect to  its  refrac
toriness, and  while i t  is tru e  th a t, most of the 
tim e, th e  two p a r ts  canno t be regarded as behav
ing  in  d is tin c t ways a t  h igh  tem pera tu re , a 
ce rta in  m easure of independence does exist. The 
bond, in  p a rtic u la r, undergoes a ttr i t io n  (grésage) 
and  in  certa in  cases assumes a  consistency such 
as to  s treng then  cohesion w ithout a lte rin g  the 
perm eability , or, conversely, i t  ru in s cohesion and 
perm eability  a t  high tem peratures.

In  a  problem of th is  kind, where a lack of per
m eability  or cohesion in  the  ho t s ta te  was 
exh ib ited  by special defects in  the  castings, the  
following experim ent was made : —

Perm eab ility  te s t samples were p repared  and 
heated  to  d ifferent tem pera tu res by a m ethod th a t  
had been though t out beforehand w ith  a  view to  
p reven ting  th e  breakdown of th e  cylinders. The 
perm eabilities were then  m easured in the cold 
s ta te , as i t  m ust be rem em bered th a t  the  con
s titu tio n  a t  high tem pera tu re  m ust be m aintained 
on cooling. In  p ractice, the re  is m erely a  differ
ence in  th e  volume of the  gases to  be removed, 
th is  volume being a  function  of the  tem pera tu re , 
and  although i t  was impossible to  do th is, th e  
difference in question could be calculated and 
tak en  account of, and th is would, of course, still 
fu r th e r  accen tuate  th e  a lte ra tions found. The 
figures found are  p lo tted  in  F ig. 1, which exhibits 
a very appreciable d im inution  in  perm eability  a t 
a c e rta in  mom ent, and, reaching a minimum 
tow ards 1,150 deg. C., afterw ards increases. 
W ith  a  view to  link ing  up these results w ith the 
behaviour of th e  bond, th e  sand was investigated 
separa te ly  a fte r  w ashing. This investigation 
showed th a t  th e  p a r t  AB of th e  curve gives the  
a ttr i tio n  (grésage) of th e  bond, th is  phenomenon 
being accom panied by considerable expansion of 
th e  m ateria l, te rm in a tin g  in its  m elting and 
gradua l con trac tion  from  about 1,160 deg. C.

I t  may be m entioned, incidentally, th a t  th is 
action of the  bond on th e  properties of sand a t 
high tem pera tu res  does no t only depend upon its 
n a tu re  and re frac to ry  properties, bu t also 
ap paren tly  to  a considerable ex ten t on .its dis
tr ib u tio n  and  adherence to  the  surface of the  
grains. W hat is term ed the  “ fixed bond ”
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nection.

F o r a given product, a t  all events, th e  h igher 
th e  p roperties in th e  cold s ta te , i.e ., th e  more 
p erfec t th e  d is trib u tio n  of th e  elem ents, th e  
b e tte r  th e  properties a t  high tem p era tu re .

This is p erfec tly  logical if i t  is borne in m ind 
th a t  th e  ac tion  o f th e  bond is always expressed
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by the  sam e d im inu tion  in  the  properties in  w hat
ever way i t  m ay be d is trib u ted . In  th e  lig h t of 
in itia l experim ents made in th is  m a tte r  th is  hypo
thesis seems superfluous, th e  b e tte r  th e  bond is 
d is trib u ted  around the  grains, th e  less its  te n 
dency to  a c t separately  a t  high tem p era tu re  to 
produce th e  deleterious effects m entioned.

Preparation.
Assum ing the  existence of old and  fresh sand, 

th e  p rep a ra tio n  of th e  m ix tu res consists in  dis
tr ib u tin g  as uniform ly  as possible around  the  
g ra in s th e  bond and  th e  sm all partic les th a t  
adversely affect perm eab ility  and which cannot 
be elim inated . This opera tion  is generally  fol
lowed by a separa tion  of th e  g ra in s th a t  have 
been covered in  th is  way, th is  action being pro
duced by m eans of th e  d is in teg ra to r.
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I t  is well known th a t  by properly p reparing  a 
m ix tu re , i ts  perm eability  and cohesion when cold, 
and also when hot, a re  augm ented. The proper 
control is ju s t  as im p o rtan t, therefore, as the 
composition, and  i t  m ay easily be carried  o u t by 
m eans of ap p a ra tu s  for m easuring these proper
ties. I n  a given foundry  th e  m achines available 
in  th e  sand shop a re  generally  p re tty  much the 
same, and  a tten tio n  should therefore  be directed 
p a rticu la rly  to  th e  m ethod of p repara tion .

In  prac tice  th e re  a re  tw o processes for ge tting  
th e  d is trib u tio n  of th e  bond and the  sand g rains: 
the  first consists in thoroughly m ixing the  old 
sand and th e  new in th e  d ry  sta te , and then  
w e tting  th e  m ix tu re ; th e  o ther consists in  w etting  
th e  m ix tu re  first and th en  subjecting  i t  to  mull
ing  in  o rder to  ge t th e  desired d istribu tion .

The first advantage of perm eability  and cohe
sion te s ts  is to  show th a t , in  the  m ajo rity  of 
cases, th e  second of th e  two above methods is 
preferabfe to  th e  first fo r n a tu ra l sands. The 
reasons for th is  are  p re tty  simple, b u t the  fol
lowing are  a few of th e m : —

(1) E xcep t in  special cases, i t  is undesirable to 
crush th e  grains, because, as mills a re  generally 
used, th is  fragm en ta tion  is considerable wihen 
w orking in  th e  dry.

(2) I f  i t  be desired to  d is tr ib u te  the  bond in 
th e  form  of a  layer around th e  grains, then  the 
bond m ust be p lastic , i.e ., m oist, because if  dry, 
m erely m ix ing  and  n o t d is tribu tion  is effected.

(3) The p las tic ity  of a  bond, which is a clayey 
m ateria l, depends, a p a r t  from  its  own n a tu re , on 
th e  am ount of w ater i t  m ay absorb colloidally. 
I t  is b e tte r  therefore to  leave its  n a tu ra l w ater, 
because i t  is impossible to  say ever w hether it  
m ay reabsorb i t  a f te r  drying.

(4) I t  is a  common notion th a t  kneading a 
m oist clay increases its  p lastic ity—another reason 
fo r w orking th e  sand w ith  w ater.

T here are, however, raw  m ateria ls which are 
difficult to  incorporate in  used sands w ithout 
previous d ry ing . Such products are those in 
which th e  bond is n a tu ra lly  very badly d is tr i
bu ted  and  form s nodules of clay d is tribu ted  oyer 
th e  mass. These nodules become covered w ith 
all th e  dry  powder of th e  old sand, assume the  
consistency of ru b b er, and are  no longer able to



80

oover th© grains, whereas, if  previously d ried , 
they  d is in teg ra te .

I t  is sometimes possible w ith  these m ateria ls  to 
ob tain  good resu lts  by proceeding as follow s: 
P u re  new sand is m ulled by adding th e  necessary 
w ate r for m oisten ing  th e  m ix tu re . The nodules 
become very p lastic  and  a re  d is trib u ted  around  
th e  g ra in s. The oldi sand  m ay th en  be added. 
In  o th e r cases i t  is of advan tage  to  m ull th e  fresh  
sand  sim ply w ith  th e  n a tu ra l w ate r i t  con tains in  
it , and to  add to  i t  a fte rw ards th e  old sand su it
ably m oistened.

The A ddition of Clay to Sand M ixtures.
A ce rta in  percen tage of clay is sometimes added 

to a m ix tu re  to  increase, say, its  cohesion. The 
resu lts differ g rea tly  according to  w hether th is 
clay is added in  th e  pow dered form  o r in  the 
form  of a th in  paste  p rep ared  in  advance with 
th e  aid of th e  w ate r th a t  m ust be incorporated  in 
th e  m ix tu re . In  th e  course of an  experim ent 
ca rried  o u t by th e  au tho r, th e  add itional q u an tity  
of clay necessary to  ob ta in  th e  same cohesion was 
cu t down by h a lf by m eans of th e  second process, 
w ith  considerable benefit to  th e  perm eability .

These exam ples have been m entioned to  show 
th e  im portance of m oisture in  all these questions; 
for i t  m ust be rem em bered th a t  th is  fac to r plays 
an ou ts tan d in g  p a r t  th rough  th e  p la s tic ity  of the  
bond.

I f  th e  work of a m uller be carefully  studied , 
and  curves be p lo tted  showing th e  v a ria tio n  of 
th e  properties of sand in  term s of tim e of m uller, 
i t  will generally  be found th a t :  (1) Perm eab ility
begins to  d im inish m ore o r  less appreciably, 
a fterw ards increasing  and reach ing  a  value th a t  
is p rac tica lly  co n stan t a f te r  a c e rta in  tim e, th is  
la t te r  being variab le , and (2) cohesion also tends 
tow ards a  k ind  of lim it.

The in itia l d im inu tion  in  perm eability  is due 
to th e  frag m en ta tio n  of th e  gra ins a t  a tim e 
when th ey  a re  n o t sufficiently pro tected  by the 
bond. This pro tection  is really  good d is tribu tion  
of th e  bond, or, p u t  an o th e r way, th e  maximum 
good properties are  more quickly reached when, 
o ther th in g s being equal, th e  p lastic ity  is very 
high.
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As tim e is an im portan t m a tte r in the  sand 
p rep arin g  shop, i t  is sometimes regarded an 
advan tage  to  carry  ou t the  m ulling operation 
w ith  an  excess of m oisture, allowing the  m ixture 
to  d ry  sligh tly  before using it. E n  passant, i t  
is desirable to  exam ine in th is  connection sands 
w hich, in the  crude s ta te , exh ib it maximum per
m eability , and, m ore specially, cohesion, fo r high 
percentages of w ater.

I n  th is  respect th e  following experim ent may be 
m en tio n ed : T hree p a rts  of th e  same m ix ture
were worked u p  in exactly  the same way, b u t w ith 
d ifferent percentages of w ater, viz., 5, 7 and  9 
per cent. The percentage m oisture was then  
standard ised  a t  7 per cent, (the sand w ith 5 per 
cent, m oisture having been w etted by 2 per cent, 
and th e  sand w ith 9 per cent, m oisture dried in 
a ir  for a sufficient length  of tim e). The per
m eability  and cohesion a fte r  th is operation were 
no t the  same. F o r th e  portion of sand mulled 
w ith  9 per cent, w ater these properties were 
h igher th an  the  o thers by 15 and 20 per cent.

This case is probably no t general, bu t i t  shows 
the  im portance of studying  these questions where 
the products actually  available have to  be used.

From  th e  s tandpo in t of th e  preceding rem arks 
an a tte m p t m ight be m ade to  draw  up a pro
gram m e for th e  p repara tion  of a definite m ixture 
w ith  a view to  ob tain ing  th e  highest possible 
p roperties in  a tim e compatible w ith  the  necessi
ties  of production .

Assuming, fo r instance, a sand mill w ith con
s ta n t characteristics (weight of runners, w idth of 
runners, speed of ro ta tio n  of th e  pan), th en  three 
re la ted  factors should be in v es tig a ted : (1) Thick
ness of sand  placed in  th e  p a n ; (2) tim e of
m ulling ; (3) m oisture. The thickness of sand 
plays an im portan t p a r t  relatively  to  the crushing
of th e  g ra ins and  th e  ex te n t and in tensity  of
m ulling.

The tim e  of m ulling  is re la ted  to  th e  per
centage of m oisture in  view of th e  properties to 
be obtained, and governs w ith th e  thickness of 
sand th e  production  of th e  appara tu s. M oisture, 
of oourse, plays th e  p a r t  a lready mentioned.

I t  is convenient to  determ ine first of all.
according to  practical requirem ents, the  tim e of 
m ulling and  th e  m oistu re; inform ation on th is
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la t te r  po in t being ob ta ined , as a lready sta ted , by 
curves show ing th e  v a ria tio n  in th e  p roperties of 
sand in  th e  raw  sta te . The effect of th e  th ick 
ness of sand is then  investiga ted  by perm eability  
and cohesion m easurem ents. W hen th e  two o ther 
fac to rs have been determ ined, th e  tim e of m ulling 
and , finally, th e  m oisture , should be stud ied .

Sufficiently accurate  in fo rm ation  will then  be 
available in  o rder to  determ ine  th e  conditions 
u nder which the  opera tions are carried  ou t. I t  is 
no t m ean t to  im ply th a t  the  investiga tion  should 
be system atic, because th is  would m ean varying 
highly complex and  closely re la ted  fac to rs; bu t 
th e  rough-and-ready m ethod suggested may be 
extrem ely useful in  the  process of sand control.

A g re a t advan tage  of th is  m ethod is th a t  it 
gives in fo rm ation  as to  th e  effects of daily  varia
tions in  the  percen tage of w ate r in th e  m ixtures, 
and enables th e  lim its of such varia tio n s to  be 
fixed. C erta in  products are  more sensitive than  
o thers to  these fluctuations, and so require 
g rea te r ca re  and a tte n tio n . Since these experi
m ents a re  n o t made in  th e  laboratory , b u t in the 
sand p rep arin g  shop i t  is necessary to  be able to  
determ ine th e  m oisture, as well as th e  o ther pro
perties, very rap id ly  and, if necessary, a t  some 
expense of accuracy.

An a p p a ra tu s  of th e  k ind  suggested by H. 
D ietert*  is very sa tisfac to ry  in  th is  connection. 
I t  m ay be form ed of a  tu b e  (A) (F ig . 2) closed a t 
th e  to p  by a  p lug  (B) con ta in ing  an electric 
h ea tin g  w ire and  con ta in ing  inside a compressed 
a ir  pipe. The bottom  of th e  tu b e  (A) contains a 
small sieve (D) supported  on legs. The electrical 
p a r t  of th e  device comprises a rh eo sta t and  an 
am m eter.

A fte r hav ing  inserted  the  sieve (D) contain ing , 
say, 10 gram s of sand, th e  cu rren t and flow of 
a ir  a re  ad ju sted  so th a t  th e  tem p era tu re  on the 
sand is 200 deg. C. P e rfec t d ry ing  is therefo re  
effected in  a few seconds. The loss of w eight 
gives th e  q u an tity  of w a te r contained in  th e  sand 
under investigation , th is  q u a n tity  being expressed 
as a  percen tage  of d ry  sand hv m eans of a c h a rt 
p repared  in  advance. To accelerate  operations i t

* H . D ietert. “ Commercial Application of M oulding Sand  
T estin g .’' T ransactions, A J A . ,  V ol. x x x ii , P art I I .



m ay be possible to  add a weighing device which 
jvould d irectly  ind ica te  th is percentage.

Obviously, once th e  ad justm en t has been made, 
i t  is n o t necessary to  do i t  over again  for each 
determ ination . I t  will be seen th a t  th e  sieve has 
been adapted  so as to  give very quick drying. A 
small disc (D) collects the  portions of sand th a t  
may have been forced through  th e  sieve by the

P i g . 2 .— P e r m e a b il it y  A p p a r a t u s  of t h e  
D i e t e r t  T y p e .

compressed a ir. Once an ap p ara tu s  of th is k ind 
is hot, i t  enables a hum id ity  determ ination  to  be 
m ade in  th ree  m inutes, and only five m inutes are  
required  for hea ting  up.

II.— Controlling Raw M aterials.

W ith  a  view to  ob tain ing  th e  con tinu ity  of 
resu lts  th a t  is desirable in  m anufacture, new 
sands reach ing  the  foundry m ust be checked with 
a view to  recording any varia tions they  may 
exh ib it before an  increase in  w asters calls a tte n 
tion  to  them .

This control is difficult to  organise, and among 
all th e  m ethods of investigation  th a t  have been 
exam ined, th e  foundry  m an m ust ascerta in  which 
of these should be adopted  in  his case. The s tra ta
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in  sand-p its a re  ra re ly  un iform  and homogeneous, 
b u t one m igh t assum e th a t ,  a p a r t from  a  few 
differences in  chem ical analysis and  mechanical 
p roperties, th e  p roducts ob ta ined  when of the 
same geological o rig in  m ust be p ractically  con
s ta n t as regards th e ir  in tim a te  constitu tion .

This is no t always th e  case, however, and

F i g . 3 .— M o i s t u r e  P e r m e a b i l it y  C u r v e s  of 
S a n d s  G i v i n g  G o od  a n d  W a s t e r  C a s t i n g s .

although  the  question has no t y e t been investi
ga ted  to  any g re a t ex ten t, differences have been 
found. The following exam ple m ay be quoted.

A new sand  used in  a  steel foundry  and  50 per 
cent, of which was used, along w ith old sand to 
form  th e  m ix tu re , was g iv ing  satisfactory  results, 
w hen, a fu r th e r  consignm ent hav ing  been d e 
livered, th e  percen tage of w aster castings began 
to  rise  rap id ly . The m echanical and chemical 
analyses carried  o u t on th e  fresh  product did no t 
reveal any appreciable difference com pared w ith  
th e  sand previously used, b u t an investigation  of 
th e  varia tions in  perm eability  in  te rm s of 
m oistu re  showed a m arked difference. The curves 
ob tained  are  show'n in  F ig . 3. They ta k e  th e
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sam e form, b u t exh ib it a  deviation from the  hori
zontal corresponding to  about 2 per cent, of 
m oisture. The percentage of w ater used, in  p re
p a rin g  th e  sand and m oulding is 7 p e r cent., so 
th a t ,  in view of th e  slope of the  curves, the 
difference in  perm eability  is considerable.

The contro l of th e  p rep ara tio n  was resumed 
according to  th e  broad outlines given above, w ith 
a re su lt th a t  th e  dotted  line was displaced and  
sufficient perm eability  obtained. The percentage 
of w asters then  decreased rap id ly . The cause of 
th e  difference in  behaviour of th e  two products 
was never known, b u t i t  is none the  less tru e  th a t  
th e  knowledge of th is  difference, had  i t  been 
gained before using th is fresh sand for moulding, 
would have prevented  th e  rejection  of a num ber 
of castings.

This is a  fa irly  typ ical example, and shows w hat 
m ay be done by careful investigation  w ith a  view 
to  controlling these methods, which have been 
m entioned as a supplem ent to  th e  ordinary  
analysis to  ensure p ractical com parability  of two 
n a tu ra l sands.

Among th e  m ethods th a t  may be used, a  choice 
m ust obviously be made, because i t  would take 
too long to  apply all of them , and, moreover, 
th ey  are all re la ted  to  each o ther, and in  th e  case 
quoted i t  is highly probable th a t  th e  curves 
showing th e  v a ria tion  of cohesion would have 
revealed th e  same k ind  of difference.

I t  is very difficult to  give in  th is P aper precise 
rules, because i t  only deals w ith  th e  subject in  a 
general way; b u t i t  is ce rta in  th a t ,  where the 
arrangem ents a t the  quarries enable a definite 
check to  be m ade of th e  un iform ity  of th e ir  pro
ducts, i t  w ill be useless and ineffectual to  make 
chemical analyses on m ateria l from' each consign
m en t; i t  will "be preferable to  rely  upon the help 
of ap p a ra tu s  fo r m easuring perm eability  and 
cohesion ra th e r  th a n  on special m easurem ents of 
th e  k ind  th a t  have been discussed.

III.— C ontrolling Prepared Sand.
The th in g  here is to know a t w hat moment 

these control operations should be exercised. I f  
one exam ines w hat takes place when m ixtures are 
utilised  i t  will be found th a t , for m oulding opera
tions, a m ate ria l is used which comes from  th e
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sand  p rep a rin g  p lan t. I t  is ram m ed by some 
m eans or o ther, and  th e  decrease in  volume which 
i t  undergoes, assum ing th e  force applied and  th e  
p roduct to  be th e  sam e, depends upon  th e  mois
tu re  in  th e  sand a t  th a t  m om ent. W hen casting  
in  green  sand th e  surface layer dries m ore or less 
d u rin g  th e  tim e which elapses betw een th e  m aking 
of th e  mould and  th e  a rr iv a l of th e  m etal. I f  
th e  m ould is stoved, i t  dries completely, and is 
even baked sometimes. F inally , du rin g  casting , 
the  qualities of th e  m ix tu re  undergo unknow n 
varia tions. I n  th e  whole o f th is  cycle th e  p er
m eability  and cohesion undergo changes, b u t th e ir  
successive values a re  correlative and  in te r 
connected).

The m ethods of p re p a ra tio n  govern th e  values 
A of th e  p roperties of th e  m ix tu re . The m oisture 
a t  th e  m om ent of m oulding governs th e  ram m ing 
and leads to  o th e r values B. The subsequent 
tre a tm e n ts  to  which th e  m oulds a re  subjected  
give fresh  values C for th e  p ropertie s, which 
finally assume still fu r th e r  values D d u rin g  th e  
operation  of casting. Obviously i t  is these last 
values th a t  have th e  g rea test influence on  the 
resu lts , b u t th ey  canno t be m easured, especially 
for contro l purposes. The values th a t  i t  is most 
im p o rtan t and  convenien t to  contro l a re  the  
values B, and th ey  m ust be k e p t in  m ind  in  any 
daily  investigation . T heir m easure form s a  k ind 
of specification te s t  of th e  products supplied by 
th e  sand d ep a rtm en t of th e  foundry . Once these 
methods a re  p roperly  defined and contro lled , an 
a p p ara tu s  for d e te rm in in g  m oistu re  will be a 
sufficient guide in  its  -work.

As regards th is  evolution of perm eab ility  and 
cohesion, i t  m ay  be m entioned th a t  th e  values C 
corresponding to  stoved m ix tu res o ften  do not 
differ g rea tly  from  th e  values B, a t  least in  
respect of th e  first of these p roperties. B u t th is 
does no t prove th a t  stoving is useless, b u t shows 
th a t  i t  sim ply acts by g rea tly  decreasing the  
q u an tity  of gas th a t  has to  be libera ted , because 
i t  takes a g re a t deal of th e  w ate r from  th e  sand.

C onclusion.
The au tho r has a ttem p ted  to  show th a t  ap p a ra 

tu s  for m easuring perm eability  and  cohesion in 
th e  cold sta te , when employed according to  ce r
ta in  m ethods, m ay be of g re a t service in  th e



87

foundry. They enable the best way of u tilising 
th e  p roducts to  be determ ined, and the 
u n ifo rm ity  of such products to  be controlled day 
by day  ̂w itli a view to ob ta in ing  un iform ity  of 
resu lts in  m anufactu re .

E xcep t as regards the  question dealt w ith in 
th e  la s t pa rag raph , in  the  ligh t of w hat has been 
said isolated m easurem ents of th e  properties of 
sands should no t be undertaken , as very often 
they  sign ify  no th ing , whereas curves of variation  
p lo tted  according to  a fixed method and w ith a 
definite purpose in view are  generally productive.

DISCUSSION.
M r . W. H . P o o l e  said there  was no doubt th a t 

foundrym en would have to  pay  more atten tion  
to  sand  in th e  fu tu re  th a n  they  had  done in the 
past. G enerally speaking, th e  “ condition of the 
sand did no t receive the  a tten tio n  i t  -warranted 
u n ti l some definite troub le  arose, and usually 
th e re  was no system adopted for the m aintenance 
of definite sand conditions. D uring  the  last 
twelve m onths a t  his foundry  each section had 
been en tire ly  cleaned up a t  reg u la r in tervals of a 
m onth  o r six weeks, th e  sand being re-conditioned 
and  p u t back again. The results were astounding 
from  th e  p o in t of view of th e  quality  of the  cast
in g  and the  skin obtained, and, incidentally, from 
th e  p o in t of view of the  saving of sand. I t  was 
su rp ris ing  to  h im  th a t  those responsible for the 
supply  of sand  d id  n o t pay  more a tten tion  to 
g ra in  selection, because the  varia tion  in the 
quality  of th e  sand from th e  sam e p i t  m onth by 
m onth was astonishing. A firm supplying sand 
would he am ply repaid  if they  m ade periodical 
tes ts  w ith a  view to  keeping sands in  a definite 
condition, irrespective of w hether they  were 
hav ing  troub le  or not. H e m entioned th e  case of 
one found ry  which, when try in g  new sand, 
obtained rem arkably  good results for the  first 
week o r  two, b u t a f te r  a m onth or more the  whole 
condition of the  foundry  floor altered . By com
p a rin g  th e  previous sand conditions to  the new 
sand  conditions they  had come to  a new under
stan d in g  of how to  change th e  m ixtures and keep 
them  in  good condition. In  connection w ith steel 
m oulding they m ade i t  a p ractice to  te s t th e
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m oisture con ten t of th e  batches of facing  sand all 
round, the  foundry , and  in  green sand  steel 
moulding th e  num ber of w asters produced as the 
re su lt of bad sand conditions was reduced to  an 
absolute m inim um  by th a t  sim ple m oistu re  tes t.

M r. J .  E . F l e t c h e r  (C onsu ltan t to  th e  B ritish  
C ast Iro n  R esearch Association) dealt w ith  the 
questions of th e  m ixing of sands and  th e ir  p e r
m eability. H e believed th a t  m any sand research 
workers lost s igh t of a very p rac tica l p o in t con
cern ing  sand in a mould. W hen m etal was poured 
in to  a mould only a very short in te rv a l elapsed 
before shrinkage b e g a n ; im m ediately sh rinkage 
se t in , and  the m etal surface con trac ted  from 
th e  mould face—except, of course, w here the  
casting  was res ting  on its  base—our ideas 
about th e  perm eability  and  conductiv ity  of sands 
began to  be d istu rbed . Betw een th e  m eta l and 
the  mould th e re  was a space th ro u g h  which cold 
a ir  was rush ing  a t  a speed very much h igher than  
we m igh t perhaps a t  first im agine. The h e a t was 
not tak en  up by the  sand  a t  th e  r a te  we often  
im ag in ed ; a t  th e  actua l con tac t surfaces a t  th e  
bottom  of a casting  th e  h ea t was being  conducted 
a t  one ra te , whereas in those p a rts  w here th e  sand 
had le f t th e  casting  th e re  was an  undoubtedly 
d ifferent ra te  of h e a t conduction. H e did not 
th in k  th a t  po in t had  been sufficiently stressed. In  
m any cases he had  d ea lt w ith, where large 
steel castings were sh rink ing  to  th e  e x te n t of £ in. 
to th e  1 f t . ,  and w here, in  a sho rt tim e, th ere  
was a  space of J o r f  in . betw een th e  sand  and 
the  casting , these questions concerning th e  perme
ab ility  of sands assum ed qu ite  an o th e r aspect. 
A fter all, however, i t  was th e  perm eability  d u r
ing th e  con tac t of th e  m olten m etal and  th e  sand 
th a t  m atte red . W hile in  A m erica la s t year he 
had  had  an in te res tin g  conversation w ith M r. Die- 
te r t ,  and w ith M r. H a rrin g to n , his collaborator. 
They were try in g  to  evolve a gas perm eability  te s t 
on th e  mould in ac tua l con tac t w ith  th e  m eta l— 
th e  ap p a ra tu s  being n o t un like  th a t  sketched in 
th e  P ap er—so th a t  th e  gases could actually  be 
draw n from  th e  face of th e  m ould. The question 
of th e  m ixing of sand affected th e  perm eabilitv  
question functionally  in a m ost im p o rtan t way. 
H e had  seen sands tak en  repeatedly  from  th e
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bottom  of a ce rta in  m easure which had never 
given trouble, b u t as soon as he had  received 
deliveries from  th e  same sand p i t  under certain  
eom litions, sand  from  th e  top  and th e  bottom 
being m ixed together, a  g re a t deal of trouble was 
experienced. R eferring  to  th e  curve in  Fig. 1, 
w here M. Lem oine had  draw n a tten tio n  to  the  
perm eability  of washed sand, he asked if i t  were 
possible to  give a com parative curve of the  same 
sand  before being washed, because he had found 
such a  com parison to  be very useful. I t  was most 
difficult to  ge t a perm eability  value which one 
fe lt was a p rac tica l one, and although the papers 
w hich were coming before the  In s titu te  in con
nection  w ith  sand were most valuable, i t  m ust be. 
rem em bered th a t  all these workers were dealing 
w ith  th e  subject progressively and had not settled 
any th in g  yet, b u t they were on th e  way towards 
solving some of th e  m ost difficult '  problems 
in  sand  research. The B ritish  C ast Iron  
R esearch Association very much valued every 
con tribu tion  of th is sort, because they  were 
a very g rea t help to  those who were try 
ing  to  get some little  knowledge of th is  big 
subject.

M r . C o l in  G r e s t y  (Newcastle), referring  to 
F ig . 1, said th a t  the curve gave its perm ea
b ility  of sand heated  to  different tem peratures, 
b u t no ind ication  was given of the  perm eability 
a t  norm al tem pera tu res. I t  was to be assumed, 
apparen tly , th a t  from  the  peak a t the po in t A the 
curve would go down tow ards the  left, b u t he 
asked if  th a t  could be confirmed, because i t  ra th e r 
ind ica ted  th a t  from  ord inary  tem pera tu res up to 
about 700 deg. the  perm eability  of the sand was 
gradually  increasing.

M r. H o r a c e  J .  Y o u n g , F .I.C . (London), was 
exceedingly glad  to  hear th a t  th e  B ritish  
C ast Iron  Research Association were tak ing  
up th e  a tt itu d e  ind ica ted  by M r. F letcher. A t 
the  Glasgow C onvention he had  got in to  hot 
w ater fo r po in ting  ou t th a t  m any tests then 
being applied to  sands were of little  p ractical 
use so fa r  as he could see, p articu la rly  in 
re la tion  to  perm eability  to  gases. There 
seemed to  be a m isconception among foundry- 
men th a t  the  gases and the hea t from the
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casting  rushed th rough  th e  sand , b u t, so fa r  as 
he had observed, no th ing  of th e  k ind  occurred 
and in  the h o t mould process one obtained 
very m uch evidence to  th e  con trary . H e 
had  observed th a t  abou t an  hour a f te r  a 
large casting  had  been poured a  pyrom eter 
which was placed an  inch or so away from  th e  
m etal had  n o t a lte red , and  he believed th a t  had 
the hot gases been passing th rough  the  sand  the 
pyrom eter would have shown it . A ctually  they  
came o u t where th e re  was a  v en t or jo in t. H e 
agreed w ith  M r. F le tch er th a t  we m ust a lte r  our 
m ethods of investigation  of sand, p a rticu la rly  
on the question of perm eability . A core m igh t be 
perm eable, b u t he d id  n o t th in k  th e  sand  outside 
the  casting  was perm eable except i t  was th o r
oughly burned. One fac to r which had  to  en te r in to  
th is  investigation  was th a t  of conductiv ity , and it  
would be found th a t, while we w ere now using 
chills, which were n o t perm eable a t  all, we should 
in  th e  fu tu re —perhaps a f te r  m any years—be 
using sands of d ifferent conductiv ity , which would 
give th e  effect of a  p a r t ia l chill a t  those points 
where the  m etal needed to  be densest. T herefore, 
he hoped th e  B ritish  C ast Iro n  R esearch Associa
tio n  would in v es tig a te  sands n o t only from  the  
perm eability  p o in t of view, b u t also from  the 
p o in t of view of conductivity .

Mr . J .  G. A. Skerx (B .C .I.R .A ., Sheffield) 
pointed  to  th e  variables occurring  in  sands, and 
u rged  th e  necessity for first investiga ting  
thoroughly  one p a rticu la r sand, and  th e n  g radually  
to  apply th e  knowledge so ob tained  to  a group 
of sandfs. T h a t was th e  p lan  adopted  by the  
B ritish  C ast Iro n  R esearch Association. There 
w ere tw o variables which were m ost im p o rtan t in 
the  investigation  of sands, nam ely, the  degree of 
ram m ing and  the  degree of m oistu re  p resen t. In  
Am erica and on th e  C o n tinen t, u p  to  the  p resen t, 
ram m ing h ad  n o t been tak en  in to  such g rea t 
account as i t  should have been, and  one found 
th a t  th e  resu lts ob tained  by investiga to rs could 
n o t be correlated . A m erican methods, which 
Mons. Lem oine seemed to  half advocate, were not 
su itab le  for B ritish  sands, because th e  la t te r  were 
generally  of finer g ra in  and  stronger. Also fully  
half th e  B ritish  sands were red  sands, which were
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unknow n on the  C ontinent and in America, and 
which had well-known characteristics of the ir 
own. R efe rrin g  to  the reference in  th e  P aper to 
th e  need for a knowledge of the behaviour of sand 
a t  h igh  tem pera tu res, he said he had  done a 
ce rta in  am ount of work in th a t  direction, h u t the 
difficulty was to  m ain ta in  the  high tem perature 
necessary. H e  assured M r. Young th a t research 
on conductiv ity  and specific h e a t of moulding sand 
was being undertaken .
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RESULTS OBTAINED IN THE IMPROVEMENT OF 
THE QUALITIES OF CAST IRON.

B y Louis Piedboeuf.

[B elgian  E xchange P ap e r.]
H igh-tensile  cast irons generally  have a s truc

tu re  th a t  is alm ost en tire ly  pearlitic , though  some
tim es high s tren g th s  a re  ob ta ined  w ith cast irons 
hav ing  a  p ea rlitic  and fe r r it ic  s tru c tu re , provided 
th e  g rap h ite  is d is trib u ted  in  sufficiently fine 
lamellae.

M au re r’s cast iron  d iagram  m ay be very useful 
for classifying and com paring th e  various high 
q u a lity  cast irons. This d iag ram  subdivides the  
cas t irons according to  th e ir  te x tu re , in  te rm s of 
carbon and silicon con ten t. I t  was suggested  fo r 
th e  first tim e  by E ng ineer M aurer, of th e  K rupp  
W orks, in  a  P ap e r on h igh-tensile cas t irons as 
produced by K ru p p . H e was dealing, of course, 
w ith good m achinery castings, hav ing  a  phosphorus 
co n ten t usually  below 0.60 per cen t., w ith  0.50 to
1.0 p e r cen t, m anganese. In  cas t irons o f th is  
k ind, th e  s tru c tu re  depends on th e  carbon and 
silicon contents, assum ing, of course, th a t  th e  
speed of cooling is k ep t w ith in  ce rta in  lim its.

The d iag ram  (P ig . 1) is p lo tted  by g iv ing  the  
carbon con ten ts in  te rm s of silicon. The hori
zon ta l line H H ', a t  1.7 p er cen t. C., shows the 
lim it betw een cast iron  and  steel. The p o in t B is 
determ ined  from  th e  assum ption th a t  steels con
ta in in g  2 p e r cent, of silicon may be ca s t w ithout 
g rap h ite  form ing. The p o in t C, w ith  7 p e r  cen t, 
silicon, is derived from  G uille t’s researches on sili
con steels. The p o in t A corresponds to  th e  eu tec
tic  con ta in ing  4.3 per cen t, of carbon.

B is p ro jected  to  B ' on the  line H H '; and D, 
which is the  in tersec tion  of AO w ith  H H ', is pro
jected  on th e  abscissae, when i t  will be found th a t

CAB =  th e  region of w hite cast iron.
BAD = th e  region of p ea rlitic  cast iron.
Above AD is th e  region of fe r r it ic  and g rap h itic  

cast irons.
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BAB' = region of cast irons in term ed ia te  
between w hite  and p ea rlitic  cast irons—those 
which con ta in  p ea rlite  and cem en tite , i.e., 
m ottled  irons.

DAD' = the  region m idw ay betw een pearlitic  
an d  fe rr it ic  cas t irons, i.e ., those con ta in ing  pear
lite  and  fe r r ite .

B 'AD '' =  th e  region of p earlitic  cast irons.
This d iagram , p lo tted  from  theo re tica l con

sidera tions, has heen verified hy num erous ex
amples in p rac tice , nearly  all of w hich have con
firmed th e  correctness of i t .  T he d iagram  may 
be checked by any labora to ry  h av ing  available the 
resu lts of chemical analyses and m icrographie in
vestigations.

M aurer included in his d iagram  cylinder cast 
irons and  K ru p p  special cas t irons, as also the  
resu lts  of labora to ry  te s ts  c a rried  o u t by W iist 
an d  B ardenheuer. The appended d iagram  has 
been supplem ented by po in ts showing a whole col
lection of special irons, p ea rlitic  irons, and semi
steels.

The p o in t F  (see F ig . 1) corresponds to  inform a
tio n  g iven by B auer in 1923 to  characterise  (dis
tingu ish ) p ea rlitic  cas t irons ob ta ined  by th e  Lanz 
process. N ot m uch d a ta  has been published on 
th is  m ethod. In  a P ap e r published in “  L a  Fon
derie  M oderne,”  A ugust, 1925, M onsieur Buffet, 
engineer of th e  Société A lsacienne, gives as the  
d is tingu ish ing  fe a tu re  of th e  Lanz pearlitio  cast 
irons : C +  Si =  3.8 to  4.2 per cen t. The corre
sponding zone in  th e  d iagram  is th a t  included 
betw een th e  tw o para lle l lines OP and MN. P a r t  
of i t  comes w ith in  th e  space occupied by th e  
m ottled  irons, i.e ., those w ith  an  excess of 
cem entite. T his is qu ite  as i t  should be, because, 
in  th e  Lanz process, th e  p ea rlitic  s tru c tu re  is 
ob tained  by h ea tin g  th e  mould.

The circle K C circum scribes K rupp  steam  engine 
cylinder irons, and th e  zone K S th e  special high- 
tensile  irons of th e  sam e firm.

P o in t E  is derived from  d a ta  published in 1924 
hy Ernmel for p ea rlitic  cast irons as produced by 
th e  Thyssen Company. These cast irons axe d is
tinguished  by Si = M n =  1.

The one erst included betw een th e  lines C +  
Si = 4.2 and  C +  Si =  4.5, and th e  zone m arked
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ZV differen tiates two types of semi-steel east iron 
as suggested by Lieut.-Col. P rach e .1

P o in t X  indicates th e  composition of a  special 
sem i-steel cas t iron used for ae ria l bombs and 
suggested by C am eron.2

The zone included w ith in  the rectangle abed

F ig .  2 .— S p e c im e n  V 3 at  200 d i a s . E t c h e d
w i t h  P ic r i c  A c i d .

T.C ., 2.61; C.C., 0.77; S i, 2.82 per cen t.; and B rinell 
hardness, 206 to  214.

is th a t  of th e  pearlitic  irons as produced a t  the 
In d re t works, and as given in  a  very in teresting  
P ap e r3 published by M onsieur le Thomas.

The rec tang le  ik lm  is derived from the labora
to ry  researches of W iist and B ardenheuer.

The zone nopq  is the  region of cast irons pro
duced by th e  Thyssen-Emmel process. These cast 
irons a re  said  to  give the  best results from the 
p o in t of view of evenness of te x tu re  and streng th .

1 L iege Congress, 1922.
* B irm ingham  Congress, 1923. 

s. “  La Fonderie Moderne," F eb., 1926.
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The po in ts V 1; V2 and  V , 'ind ica te  th e  results 
of a  te s t k indly  m ade, a t  th e  a u th o r’s suggestion, 
by M. Y a rle t (V ice-President of the  B elgian Asso
c ia tion ) a t  th e  foundries of th e  Société 
Espérance-Longdoz. I t  is due to  his courtesy  th a t  
th e  au th o r is able to  p resen t some in te resting

F i g . 3 .— F e r r i t i c - P e a r l it ic  O a s t  I r o n  w i t h  
t h e  G r a p h i t e  i n  F i n e  N o d u l e s .

T en sile  s tren g th , 15.8 to n s  per sq . in .;  B r in e ll hardness, 
170 to  180; Gr., 22.51; C .C., 0.42; S i., 2.73; M n„ 0.41; P ., 

0.87, an d  S ., 0.04 per cen t, x  200 d ia s .;  etch ed  p icr ic  acid .

specimens of h igh-tensile cast irons. A photo
m icrograph of th e  cast iron  V 3 is shown in  F ig . 2.

In  o rder to  d is tingu ish  th e  cast irons of zone 
26, th e re  has been noted, a t  Z, a cas t iron con
ta in in g  p ea rlite  and  fe rr ite , th e  analysis and 
m icrograph of which a re  shown in  F ig . 3.

I t  m ay be presum ed th a t  th e  researches carried  
o u t by th e  Société A lsacienne ten d  in  th e  same 
d irection , since, in  h is P ap e r quoted above, M on
sieu r Buffet m entions th e  p roduction  of c a s t iron 
co n ta in in g  2.3 and 2.5 per cen t, carbon.
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M au re r’s d iagram  clearly points o u t th e  advan
tage  of low carbon-contents. The lower the car
bon con ten t, th e  w ider th e  zone of pearlitic  struc
tu re . T here is th u s  g rea te r ce rta in ty  of ge tting  
th e  p ea rlitic  s tru c tu re  w ithou t th e  risk  of en 
croaching on ad jacen t zones. By keeping a t  an 
equal d istance from  th e  cem entite  and fe rrite  
zones, th e re  is a g rea te r chance of ge tting  the 
p earlitic  s tru c tu re  w ithout heating  th e  mould.

F o r th e  cast irons included in the zone abed, 
M onsieur le Thomas sta te s  th a t  an endeavour 
should be m ade to  keep a sligh t excess of 
cem entite so as to  be sure of a tta in in g  th e  p ear
litic  stru c tu re . W ith  low carbon contents th a t  
is not necessary, and th e re  may even be a slight 
excess of fe r r ite  w ithout fear of m odifying the 
s tru c tu re  and th e  tensile properties, as will be 
seen from  th e  resu lts obtained w ith the  V, cast 
iron. In  th is  case, th ere  is th e  added advantage 
of a  lower hardness and b e tte r m achining pro
perties.

A nother advantage of th e  low-carbon one is 
th a t , in  th is  zone, th e  pearlitic  s tru c tu re  will be 
a tta in e d  much more independently  of th e  speed 
of cooling.

As a  m a tte r  of fac t, th e  effect of rap id  cooling 
(by chill-casting o r in  lig h t castings) may easily 
be represen ted  by a displacem ent to  th e  r ig h t of 
th e  zones I  and  I l a ;  and slow cooling (by casting 
in  a ho t mould, o r in  heavy castings) by a dis
placem ent to  th e  le f t of th e  zones I I I ,  l ib  and
I I .  I t  will readily  be seen th a t  th e  points s i tu 
a ted  tow ards th e  middle and bottom  of the  rect
angle nopq  will be least affected by these changes.

The test-piece 220 mm. square, cast w ith the 
cast iron represen ted  a t V ,, has an even tex tu re  
th ro u g h o u t its cross-section. In  the  higher-carbon 
m achinery ca s t irons, a  considerable increase in 
th e  g rap h ite  lamellae will always be found tow ards 
th e  cen tre , even where th e  diam eters a re  smaller. 
W ith  low-carbon and high-silicon pearlitic  cast 
irons i t  is possible to  ob ta in  an identical tex tu re  
in  th e  th in  p a r ts  and th e  th ick  p a rts  of th e  same 
casting .

This reg u la rity  of te x tu re  may be explained as 
fo llow s:—The p rim ary  g rap h itisa tio n  persists for 
a ce rta in  tim e  and takes place du ring  a definite

E



in te rv a l of tem p era tu re , a f te r  solidification. As 
in  th e  case of secondary g rap h itisa tio n 4, we may 
assume th a t  its  ra te  will he p ropo rtiona l to  the 
silicon co n ten t. A t th e  same tim e, owing to  the 
lower carbon con ten t, g rap h itisa tio n  will be com
pleted  m ore quickly. In  th e  case of cas t irons of 
th e  Thyssen-Em mel type , g rap h itisa tio n  would be 
extrem ely ra p id  and  prac tica lly  complete before

the  effect of th e  walls has had  tim e to  m ake itself 
fe l t  and  cause appreciable cooling of th e  th in  
p a r ts  of th e  casting.

M au re r’s d iag ram  classifies cas t irons according 
to  th e ir  carbon and silicon con ten t, w ithou t tak ing  
in to  account th e  percen tage of combined carbon. 
R efe rr in g  to  P o rtev in ’s d iagram  (Fig. 4), i t  will 
be seen w ith in  w hat lim its th is  con ten t may vary  
for p ea rlitic  east-irons and semi-steels. Assum
ing  th e  carbon con ten t to  be th e  same, the  p er
cen tage of combined carbon will be inversely p ro 
portional to  th e  silicon conten t. F o r each com
position  of cast iron, th e re  is only one percen tage 
of combined carbon corresponding to  th e  ideal 
p ea rlitic  s tru c tu re  (C =  0 .9 0  per cent, for pu re  
pearlite ).

4 R esearches of Charpy and Grenet.



The corresponding percentages of combined car
bon for cast irons th e  to ta l carbon of which varies 
between 2.5 and  3.3 per cent, are  s itua ted  on the 
line EY of P o rtev in ’s diagram . Adding to  th is 
d iag ram  th e  points corresponding to samples V ,,

99

F i g . 5 .— T h e  C e n t r a l  P a r t  o f  a M a l l e 
a b l e  C a s t in g  s h o w in g  t h e  G r a p h it e  
to  b e  i n  N o d u l e s , a n d  P e a r l it e . 
x  2 0 0  d i a s ., E t c h e d  P ic r i c  A c i d .

Y 2 and V.,, i t  will be seen th a t  'V1 has an excess 
of cem entite, V2 comes practically  on th e  line EY, 
and  V3 has an excess of fe rrite .

F inally , th e  cast iron characterised  by the  
po in t Z comes on to  Z in th e  diagram , i.e., the 
pea rlite  plus fe r rite  zone. C ontrary  to w hat Mon
sieur le Thomas sta tes  in h is P aper read  a t  the 
Liege Congress, i t  is possible to  get high-tensile 
cast irons even in  th is region of P o rtev in ’s dia
gram .

The zone abed distinguishes more particu larly  
th e  so-called semi-steels, and cdef pearlitic  cast 
irons proper.
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The p ea rlitic  te x tu re  alone is n o t sufficient to 
ensure high m echanical p ropertie s. There is 
ano ther im p o rtan t po in t, v iz ., th e  d im inu tion  in 
th e  size of th e  g ra p h ite  lamellae. N um erous re 
searches have been carried  ou t in th is  d irection , 
as a re su lt of which th e  size of th e  lamellae has 
been considerably reduced by tre a tin g  th e  m etal 
in  an  oil o r an electric fu rnace. A ccording to 
Piw ow arski’s researches, i t  is p rinc ipally  by super
h ea tin g  th e  liqu id  iron  th a t  th e  finely d is tribu ted  
g rap h ite  is form ed. T he resu lts ob tained  by 
K erpely, and  which a re  given in Tables I  and II , 
show w hat is possible in th is  connection by tre a t
m en t in th e  e lec tric  fu rnace .

F rom  th e  p rac tica l p o in t of view, th e re  is 
ano ther im p o rtan t fac to r co n trib u tin g  to  th e  pro
duction  of high s treng th s , and  th a t  is, to  get 
sound castings. As M onsieur R onceray  has very 
rig h tly  observed, i t  is soundness of the  castings 
th a t  should be p rim arily  aim ed a t.

I t  would no t be m uch use try in g  to  reduce gaps 
caused by fau lty  d is trib u tio n  of th e  g rap h ite  
lamellae, if o ther d iscontinu ities were allowed to  
persist in  the  shape of blow-holes, segregations, or 
in te rn a l stresses. In  th is  connection, i t  is in 
te re s tin g  to  n o te  th a t  th e  cas t iron  represented  
by p o in t Z of M au re r’s d iag ram  gives a  tensile 
s tre n g th  of from  15.7 to  17.6 tons sq. in., 
in  sp ite  of a  phosphorus con ten t of 0.8 per cent. 
This resu lt was ob ta ined  by a  pu rify in g  trea tm en t 
carried , o u t in th e  fo re-hearth  by allvaline sub
stances. This cast iron is close-grained and  the  
g rap h ite  in  fine lamellae. By p ro trac ted  t r e a t 
m en t in  th e  fo re-hearth , in  th e  absence of the  
im purities contained  in  th e  cupola slag, a con
siderable im provem ent in  m echanical p roperties is 
a tta in ed . This case is all th e  m ore in te resting  
because th e  m eta l is a cast iron  w ith  p e a rlite  and 
fe r r ite , B rinell hardness 170 to  180, easy to  
m achine, and  produced w ith  a cheap flux and 
norm al w orking conditions in th e  cupola.

The photom icrograph, F ig . 5, shows th e  m iddle 
p a r t  of a malleable cast iron  m ade by th e  E u ro 
pean process. The te x tu re  is en tire ly  p earlitic , 
th e  g rap h ite  being in  nodules. I t  is th is  k ind  of 
te x tu re  th a t  should be aim ed a t  w ith a  view to  
g e ttin g  m axim um  s tren g th . I t  seems doub tfu l
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w hether i t  is possible to  succeed w ithout a hea t 
tre a tm e n t subsequent to  casting . However, th e  
researches of Piw ow arski and M atsusiro H am u- 
ram i show th a t  th e  dimensions and  shape of the  
g rap h ite  partic les of the  m elt can be considerably 
modified.

This con tribu tion  on high-tensile cast irons was 
w ritten  prim arily  w ith th e  object of giving the  
members of th e  “ A. T. F . B .” a  sum m ary of w hat 
has been done recently  to  improve the  quality  of 
cast iron.

Since th e  C om m ittee of th e  Belgian Association 
have k indly  suggested th a t  the  au thor should give 
a P a p e r on th e  sam e subject to  th e  In s titu te  of 
B ritish  Foundrym en he was glad to  do so, although 
he  realised  th a t  th e re  will be very li tt le  th a t  is 
new in  i t  to  num erous B ritish  foundrym en, who 
have already investigated  these questions. Fresh 
results may have come to  ligh t in th is  country, 
where foundrym en are  actively engaged on re 
search work connected w ith the  im provem ent in 
th e  s tre n g th  p roperties of cast irons.

DISCUSSION.
This P aper was in troduced by M r. G. Masson 

(P residen t of th e  Belgian Foundrym en’s Associa
tion).

T h e  P r e s id e n t , welcoming M r. Masson, said 
he believed th a t  th is  was the  first tim e for four 
years on which the  In s titu te  had had the  honour 
of welcoming the  P res id en t of a  foreign associa
tion .

M r. M a s s o n , addressing the  m eeting in 
F rench  (his rem arks were in te rp re ted  by the  
P res iden t) , apologised for his inab ility  to  speak 
English, and  also for the absence of Mr. 
P iedboeuf. The P aper, he said, was the  resu lt 
of the  action of th e  Com m ittee of the  Belgian 
Foundrym en’s Association. I ts  object was to  give 
th e  resu lts  of te s ts  made during  recent years in 
th e  d irection  of im proving the qualities of cast 
Iron . M r. Masson produced a frac tu re  of 
Y a rle t’s  special iron, which exhibited  quite a 
p earlitic  s tru c tu re , together w ith  two photographs 
of V a rle t’s iron.

T h e  P r e s id e n t  rem inded the  members th a t  Mr. 
V arle t h ad  read  a  very valuable P aper before the 
In s titu te  a t  B irm ingham  four year? ago. H e also
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th anked  M r. Masson fo r hav ing  in troduced  Mr. 
P iedboeuf’s P ap er.

M r . H o race  J . Y o u n g , F .I .C ., said th a t  in 
Table I I  reference was m ade to  a  L anz iron in 
which th e  carbon +  silicon =  3.80 to  4.20 p er cent. 
As one who h ad  practiced  th e  L anz process, he 
could give h is assurance th a t  th a t  to ta l could be 
an y th in g  one liked. The m ould was heated  
according to  th e  composition of th e  iron. M r. 
Young also re fe rred  to  th e  s ta te m e n t on page 4 
of the  P ap e r th a t  the  p ea rlitic  cas t irons p ro 
duced by th e  Thyssen Com pany w ere “ d is tin 
guished by S i =  M n =  1 ,”  and  asked for an  
exp lana tion  of th a t . As to  the  suggestion in  the 
P ap er th a t  if com position were a lte red  one need 
no t tak e  in to  consideration  th e  tem p era tu re  of 
th e  mould, he said th a t  all sc ien tists would agree 
th a t  all m etals d u rin g  cooling w ere affected 
by th e ir  cooling ra tes , no m a tte r  w hat th e ir  com
position  was. C ra in  size as well as s tru c tu re  m ust 
be ta k e n  in to  consideration . One of th e  th ings 
th a t  m a tte red  m ost was the  stab ility  of the  pear- 
lite , and  th a t  stab ility  depended largely  upon other 
th ings in  the  iron . F o r instance, when i t  had 
to  res ist repea ted  h e a tin g s ; a la rge  con ten t of 
silicon was m ost undesirable . W e m ust have the 
quality  of steel as well as soundness of castings. 
I f  soundness of castings m a tte red  to  the  ex ten t 
suggested in  the  P ap er, then  very m any steel cast
ings, if n o t nearly  all, would be re jec ted . How
ever, engineers s till used steel, and  p u t u p  w ith 
the  fac t th a t  m any steel castings had  defects. 
The sam e rem arks applied to  cast iron. As to  
th e  s ta tem en t th a t  th e  cas t iron  rep resen ted  by 
p o in t Z of M au re r’s d iag ram  gave a  tensile 
s tren g th  of from  15.7 to  17.6 tons per sq. in ., in 
sp ite  of a phosphorus con ten t of 0.8 per cen t., by 
a pu rify in g  tre a tm e n t ca rried  o u t in  the  fore
h ea rth  by alkaline substances, although he knew 
li tt le  about' t h a t  tre a tm en t, which was very 
in te restin g , the  same tensile  s tren g th  could 
be ob tained  w ithou t th a t  tre a tm e n t in  iron 
w ith  0.8 per cent, phosphorus. The tensile  
s tren g th  of cast iron  was a  very debatable po in t. 
H e had m ade a  g re a t m any  Diesel castings by th e  
ho t and  the  cold mould processes which had  given 
h igh tensile s tren g th s , h u t th ere  were o th e r p ro 
perties which were of g rea te r im portance. T here
fore, he wished th e  au th o r had  given m ore d a ta
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upon th e  grow th, im pact values, and so on, of 
these irons as s ta ted  casting  thicknesses and 
weights.

WRITTEN CONTRIBUTION.

Results Obtained in the Im provement of the Qualities 
of Cast Iron.

M r. J .  G. Pearce (D irector, B .C .I.R .A .) wrote 
th a t  he suggested th a t  i t  would be advantageous 
if th e  au th o r would give in  g rea ter detail th e  con
s tru c tio n  and use of the diagram  prepared some 
years ago by M. P ortev in . This diagram  is not 
a t  all well known to  B ritish  readers.

I t  is  perhaps necessary to  bear in  m ind th a t  a 
complex system  like cast iron contains so many 
constituen ts th a t  i t  can never be completely rep re
sented on a  d iagram . Such diagram s may con
venien tly  be considered as a  means of comparing 
one iron w ith  another, and  constitu te  a k ind of 
m eta llu rg ica l shorthand . A p a rt from composi
tion , th e  properties of grey iron are  governed by 
th e  ra te  of cooling. This faotor is no t taken  into 
account in  any of th e  diagram s mentioned by the 
au thor. H e does not refer to  a recen t a tte m p t to 
ta k e  th is  fac to r in to  account by G reiner and 
K lingenstein , whose d iagram  from the  Gusseisen- 
Taschenbuch, 1926, is reproduced on page 18 of the  
O ast Iro n  R esearch A ssociation’s B ulletin . In  
th is case th e  sum of carbon and silicon is plotted 
against thickness, and is compiled for cupola- 
m elted m etal hav ing  a to ta l carbon con ten t not 
less th a n  2.8 per cent. The diagram  shows, for 
example, th a t  an  iron  contain ing  3.2 per cent, 
carbon and  1.8 per cent, silicon would be white if 
cast g-in. th ick , while §-in. to 3-10th in. would 
give a  m ottled  iron. Beyond th is, to  1.1 in. 
thickness i t  'would be pearlitlc , and above 1.18 in. 
thickness free  fe rrite  would appear in  the  s truc
tu re , increasing in quan tity  as th e  thickness 
increases. W hen such diagram s a re  published it  
is highly desirable th a t  those founders who have 
access to  results, including analyses and micros, 
going back over a period of years should test 
th e ir  previous resu lts against the  diagram  and see 
w hether th e  diagram  is reasonably correct.
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NON-FERROUS METALLOGRAPHY.

By J. S . Glen P rim rose, A .R .T .C ., A .I.M .M . 
(M em ber.)

INTRODUCTION.
Since the  w rite r drew a tte n tio n  to  th e  im por

tance of “ M etallography as an  A id to  th e  Iron- 
founder ” a t  the  B ritish  F ound rym en’s Associa
t io n ’s Glasgow convention in  1911, th e re  has been 
an  increasing  use of the  microscope as an  ad junc t 
to foundry  work, and  th e  wide scope afforded by 
its  app lication  to  control and investiga tion  work 
in  the  non-ferrous field has been d ea lt w ith  by 
noted w riters in  the  In s t i tu te ’s proceedings.

T here are  so m any aspects of th e  case—w hether 
pure  research  in to  new p roperties, pathological 
investigation  of failures, o r exam ina tion  to ensure 
com pliance w ith  rig id  specifications—th a t  i t  is not 
possible in  lim ited  space to  deal fu lly  w ith  all of 
th e se ; and th e  p resen t ob ject is to  draw  a tten tio n  
to  th e  resu lts of some slig h t p rac tica l experience 
in  a ll of these  fields, which m ay prove of value to  
p rac tica l workers endeavouring  to  estab lish  s ta n 
dards of com parison to  follow o r  avoid. The 
general tendency lies in  th e  d irec tion  of illu s tra t
ing only ideal s tru c tu re s  and those rep resen ting  
exceptional conditions or stren g th s , w hereas i t  is 
o ften  m ore valuable to  be able to  recognise the  
appearance of defective s tru c tu re s  in  o rder to  
assign th e  proper cause to  them , and th u s know 
th e  d irection  to  go in  order to  avoid a repe tition  
of th e  trouble. A nother common fa iling  is to  
reso rt too  soon and too frequently  to  excessively 
high powers of m agnification for th e  p a rticu la r 
s tru c tu re  u nder exam ination , and  thus th e  general 
appearance of th e  structure.' is a p t to  be over
looked. W herever possible, a three-fo ld  record 
should be tak en  showing first the  simply polished 
surface to  ind ica te  size and  d is tribu tions of inclu 
sion o r blow-holes a t  low powers, th en  th e  sam e 
spot su itab ly  etched, and finally a definite c en tra l 
a rea  a t  a h igher m agnification to  reveal th e  
m in u te  a rran g em en t no t seen a t  low power.



107

Apparatus,
A review of the  m icrographie outfits available 

for various classes of workers du ring  the  last two 
decades clearly shows the  reasons for th e  g rea t

F i g . 1 .— R e jt o  V e r t ic a l  S t a n d , w i t h  
G o r d o n  M ic r o  C a m e r a .

advances m ade in th e  technique of p ractical m etal
lography. F or purely  visual work, the  simple 
vertical m ounting  of the  microscope tube has been 
grea tly  simplified from  th e  orig inal model 
resembling th e  petrological s tand , and to-day there  
are several exponents of the  com pact tripod 
m ounting due to  th e  la te  D r. S tead.

P erhaps the  earlies t a ttem p t a t  m aking the 
purely laboratory  in s tru m en t available for the 
workshop also was the R ejtb  s ta n d 1 shown in
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F ig . 1. I n  th is  th e  wide body tu b e  carried  the  
eye-piece in an elongated  form  of vertica l illu
m inato r, placed in  th is  case n ear th e  top  of the  
m ounting. The lower end  of th e  microscope tube  
carried  two or three^ objectives in a revolving nose- 
piece, which g rea tly  fac ilita ted  th e  tra n s fe r  from 
one power to  ano ther w hilst re ta in in g  th e  same 
spot of th e  specimen for inspection. Betw een the 
horse-shoe base and th e  p illa r ca rry in g  th e  fine

F i g . 2 .— R e jt ô  M i c r o s c o p e , v i t h  A r c  
L a m p  a n d  O p t ic a l  B e n c h .

ad ju s tm en t screw of h igh accuracy, which even 
w ith prolonged w ear developed no appreciable 
back-lash, th e re  was fitted  a rem ovable object- 
s tage  w ith a  long-reach rack  and  pin ion m otion 
fo r accom m odating a  w ide range  of specimen sizes. 
This m echanical s tage  could n o t only be levelled 
accurately  by m eans of two screws and a fixed- 
leng th  th ird  leg, b u t could also be m ade to  
traverse  horizontally  in  tw o directions rigorously 
a t  r ig h t angles by tw o fine screw spindles m ounted 
co-axially, which was of considerable service in  
operation  by touch instead  of a f te r  visual finding. 
Two se t screws a t  th e  base of th e  p illars enable  
th is in term ed ia te  section ca rry in g  the  s tage  to  be 
readily  removed, leaving th e  microscope available 
for d irec t se ttin g  upon any la rge  ob ject in place,
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w ithout the  need of rem oving a section to  be 
exam ined. The illu s tra tion  shows the  inverted  
gas-m antle source of ligh t and th e  small Gordon 
photo-m iero cam era over the  eye-piece. This small 
a ttach m en t was sufficiently portable to  enable it  
to  be loaded w ith  a p late  in th e  dark  room, and it  
was placed over th e  microscope and  th e  exposure 
m ade by a sm all slotted disc above the  lens. A 
focussing m agnifier th e  sam e length  as th e  cam era 
enabled very clear images to  be obtained in  a  very 
simple fashion. F or more elaborate work, th e  use 
of an electric-arc source of ligh t was deemed

F i g . 3 .— R e ic h e r t  I n v e r t e d  M ic r o s c o p e , 
w i t h  O p t ic a l  S y s t e m  A t t a c h e d .

advisable, and  for vary ing  m agnifications the 
various condenser com binations of the  optical 
bench was a g rea t help when accompanied by a 
la rge  a p e r tu re  iris diaphragm . This arrangem ent 
is shown in F ig . 2, in  which case the  photographic 
a ttach m en t consists of a vertical bellows camera 
slid ing upon tw o fixed uprigh ts a fte r th e  N achet 
princip le. The upper box portion , w ith  the  p late 
c a rr ie r  grooves, could be clamped in any desired 
position, b u t th e  lower connection was a simple 
lig h t- tig h t one res ting  on a  ring  concentrically 
covering th e  microscope eyepiece.

The inconvenience of e ith e r having to  place the 
microscope very low down to  have th e  cam era top 
a t  a convenient height, o r else having to  m ount 
an elevated  position to  focus th e  im age on the 
screen if th e  microscope was placed a t  a convenient 
w orking level, was overcome by another arrange
m ent, and th is consisted of hav ing  th e  microscope 
tu b e  capable of p ivo tting  backw ards through a
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r ig h t angle, w hilst s till re s tin g  upon its base, and 
thus th e  cam era a ttach m en t could be connected 
horizontally  a f te r  th e  visual exam ination  had  been 
perform ed w ith the  microscope tube  in e ith e r a

vertica l o r in  a su itably-inclined  position. This 
still necessita ted  th e  very carefu l m ounting  of the  
micro-specimen, .and if no levelling device was 
a ttached  to  th e  stage, th e n  some form  of stepped 
base-plate or th e  slid ing  tu b e  device of S tead  was 
a g re a t boon to  w orkers who requ ired  to  get 
th rough  a num ber of exam inations in  a lim ited 
tim e.

The g rea tes t advance came w ith  the  idea of the 
inverted  s ta n d 2 in troduced by Le C hatelier, in 
which the  objective poin ted  ' upw ards, and ’ the  
custom ary difficulty of levelling th e  specimen was
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overcome by th e  simple expedient of placing It, 
polished face downwards, upon a litt le  circular 
tr ip o d  s tand , the  legs of which rested  in a  grooved 
ring  capable of ro ta tion  for final focussing, and 
th e  length  of the  legs was selected to  su it the 
vary ing  focal length  of th e  objective. This 
im provem ent by D u ja rd in  over the  orig inal Pellin
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F ig .  5 .— M a r t e n s ’ H o r iz o n t a l  S t a n d , w i t h  
U l t r a - V io l e t  L i g h t  I l l u m in a t i o n .

m ethod of ad ju s ting  the  focus by means of screw
ing a tube  w ith  th e  necessary perforation  in the 
base, up and down on th e  sub-stage continuation  
of th e  body tube, was a g rea t advantage in 
changing objectives to  secure different magnifica
tions.

M any modifications of th is Le C hatelier design 
have been e laborated  and p u t upon th e  m arket, 
such as the  overhanging arm  type, which soon gave 
place to  the  four-colum n arrangem ent of G uertler, 
and finally th e  m ost substan tia l form now embodied 
in  the  E. 'M. I . R e ichert3 stand  as shown in F ig . 3. 
A very full description of th is  has already been 
published, b u t passing reference should be made 
to  th e  ease in m an ipu lation  where large numbers
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of specimens have to  be exam ined and  also photo
graphed  w ith  th e  m inim um  of tro u b le  and  tim e 
expended upon them . Thus five photo-m icrographs 
of th e  sam e spot, both  runetched and  etched, can 
read ily  be m ade w ith in  a  period of five m inutes. 
One of th e  m ost im p o rtan t fea tu res  is th a t  th e  
position of th e  m echanical stage  and  also the

F i g . 6 .— Z e i s s  V e r t ic a l  Ca a ie e a , U se d  
f o r  U lt r a - V io l e t  L i g h t  R e s e a r c h  
W o r k .

illum inating  prism  can be se t for th e  correct focus 
of any  objective w ithou t th e  presence of any speci
men, su itab le  g radua tions being provided to  enable 
th is p re lim inary  s e ttin g  to  be m ade w ithou t re fe r
ence to  th e  im age of th e  object. A nother g re a t 
fac ility  in  rap id  m an ipu la tion  is th e  ease w ith  
which th e  p rism  can  be w ithdraw n in to  its  ca rr ie r  
tube, th e  arm  sw ung over in to  a  second definite 
position, and  a  su itab ly  inclined cover glass 
b rough t in to  position fo r th e  reflected type  of 
illum ination  in s tead  of th e  tra n sm itte d  form  when 
th e  prism  is used. The m echanism  of th is  a rran g e 
m en t is w orth  illu s tra tin g  in  th e  th ree  accom
pany ing  sketches, F ig . 4, which shows th e  p a th  
of th e  ligh t rays, and  how read ily  th e  change can 
be effected, w ith o u t d is tu rb in g  the  microscope o r
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ro ta ted  th rough  a  r ig h t angle, thereby  allowing of 
e ith e r d irec t visual observation of th e  object, or 
the  pro jection  of th e  im age for photographing 
in to  th e  cam era below. The objectives a re  pro
vided w ith  a sim ple bayonet catch, whereby they 
can be changed in  th e  m inim um  of tim e, since they 
carry  no  screw to  fasten  them . The au tho r has 
found th a t  exceedingly high-class work can be 
done w ith  th is  in strum en t, which represents the 
g rea te st possible saving of tim e  in  both visual 
exam ination  and  in  ta k in g  photographic records 
for com parison.

Illum ination,

J u s t  as g rea t advances have been made in regard 
to  im proved sources of illum ination , as have been 
effected in m eta llu rg ica l microscope construction. 
The o rd in ary  m ieroscopist’s oil lamp was early 
replaced by some form  of incandescent gas m antle, 
th e  inverted  type  offering certa in  advantages. 
The incandescent e lectric  lamp was less satisfac
to ry , especially as i t  has to  be used in  a frosted 
glass bulb to  p reven t the  filam ent im age being 
projected  on to  th e  screen, and the  sim plest 
expedien t of d irec ting  a  small oxygen-coa 1-gas 
blow-pipe flame on  to  th e  u p tu rned  end of a  porce
la in  m antle-stem  w as one for long in use in the  
labora to ry  of D octors M aidens and H eyn a t 
L ichterfelde. The N ern st lam p had a short vogue, 
b u t was soon superseded by th e  more suitable 
Poin to lite , which gives excellent results for most 
purposes of observation, and  is also available for 
photographic work. The au th o r’s preference has 
always been in  th e  d irection  of an  arc lam p, and 
several types of autom atic-feed carbon arc  have 
proved sa tisfac to ry , these usually  being of the 
inclined electrode form. The n ea test and now 
alm ost universal form  is th e  sm all carbon righ t- 
angle arc, which usually  does n o t tak e  more than  
5 o r 6 amperes to  incandesce.

In  th e  E .M .l ty p e  of microscope stand  above 
referred  to , i t  is of considerable advantage to  
have th e  light-condensing system all m ounted on a 
small a ttach m en t to  th e  miscroscope stand, and 
to  ob ta in  concentric ity  of th e  beam of ligh t from 
the  arc, flexible connections to  two q uad ran t
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ad ju s tm en ts enable th e  arc  to  be brought easily 
in to  th e  best position.

W hen using  arc-lam p illum ination , th e  g rea t 
tendency is to  overexpose the photographic p late, 
even w ith  such slow speeds a t  H . and D. 45, if 
th e  fine-grain o rd inary  varie ty  is used, and a 
screen is employed p artly  to coun teract th is, but 
also to  sharpen  th e  im age by elim ination  of the 
various ligh t wavelengths which are  n o t correctly 
reg istered  by achrom atic objectives and 
huyghenian  eyepieces. One of th e  most generally 
useful is th e  K .10 yellow screen, which can be 
secured e ith e r in  glass or as a gelatine film, but 
for o th e r purposes th e  green filter is frequently 
used. The d isadvantage of liquid filters is th a t  
they  a re  difficult to  keep clear of bubbles, and 
even th e  cooling trough  presents th e  same fea tu re  
unless potassium -alum  is dissolved in i t  to  form 
a  concen trated  solution. Special ligh t filters are 
requ ired  when panchrom atic p lates are used, and 
also in the  case of recording the  various shades 
of colour produced on polished specimens by su it
able h ea t- tin tin g  or oxidation etching, by the  aid 
of th e  auto-chrom atic p lates successfully in tro 
duced by Lum iere.

W hen particu la rly  liigli-resolving power is 
required  from  a  microscope lens-system, i t  is found 
th a t  th is  advances in d irec t p roportion  to  any 
decrease in th e  wavelength of the  ligh t used. Thus 
for very h igh powexs, when research is being 
u ndertaken  in to  the  inner s tru c tu res  of eutectics, 
o r of microscopical constituen ts th e  exact shape 
of which is n o t revealed by o rd inary  w hite light, 
i t  is possible to  m ake use of u ltra-v io let ligh t. By 
u tilising  th e  special objectives known as “ mono- 
cbrom ats,”  designed from  th e  formulae of Dr. M. 
von B ohr, which are  corrected for u ltra-v io let 
ligh t hav ing  a w avelength of 275/x/x, th e  resolving 
power is double th a t  of a  sim ilar numei'ical-aper- 
tu re  o rd inary  lens. These lenses are  made of 
quartz  which has not been fused, as th is destroys 
th e ir  re frac tiv e  index, bu t simply rendered  plastic 
by heating  in an oxy-hydrogen flame, and then 
moulded to  th e  approxim ate shape required. The 
polishing to  the  correct shape requires special care, 
and they can, of course, only be used w ith th is 
ligh t, being qu ite  useless for ligh t of different



116

F
ig

s
. 

9 
an

d 
1

0
.—

(V



117

w avelength, particu la rly  daylight. The 6-mm. 
objective is used dry, h u t the  two h igher powers 
available fo r m agnifications between 3,000 and
5,000 d iam eters, and hav ing  num erical apertu res 
of 0.85 and  1.25 respectively, are  immersion 
systems, in which th e  fluid used is a m ix tu re  of

F i g . 1 1 .— A l p h a  B r a s s — S p e c if i c a t io n  A  
(V — 5 0 — X ) .

pu re  glycerine and distilled w ater in  the  propor
tions calculated to  give a definite refrac tive  index.

The eyepieces, for p ro jec ting  th e  image on to  
th e  photographic p la te , are  also m ade of quartz , 
and  sim ilarly  th e  necessary condensers in the 
illum inating  ap p ara tu s a re  made of th e  same 
m ateria l. So, too, a re  th e  two righ t-ang le prism s 
used on th e  optical bench for reflecting th e  ligh t 
em itted  by a nearly  continuous series of sparks, 
produced by th e  Leyden ja r  and  large  induction 
coil, between th e  po in ts of th e  cadm ium  electrodes. 
The photographic ap p ara tu s  recommended fo r use 
w ith th is  ou tfit is th e  vertical form  of cam era 
a ttached  to  a steel u p rig h t which can be swung



about its  bottom  pivot, and  uhus a lte rn a te ly  bring 
in to  position over th e  microscope eyepiece, first 
th e  searcher, consisting of a  fluorescent screen of 
u ran ium  glass to  render th e  otherw ise invisible 
im age capable of being focussed hy a powerful
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F i g . 1 2 .— A l p h a - B eta  B r a s s — S p e c if ic a 
t io n  B  (V — 50— X ) .

m agnifier, and secondly, th e  cam era itself, which, 
if approxim ately  30 cms. ex tended , p erm its  the  
exposure to  he m ade w ithou t fu r th e r  inspection.

In  w orking w ith  th is  a rran g em en t w hilst con
ducting  some research  work fo r P ro f. K . F ried rich  
a t  F re iberg  B ergakadem ie in  1907, th e  w riter 
overcam e the inconvenience of th e  v ertica l cam era 
arrangem en t, which a t  h igh  powers d id  n o t record 
a sharp  im age even a f te r  th e  searcher had  done so, 
and  therefo re  a  final focussing was needed on the  
full-sized fluorescent screen. To do th is  th e  
M artens’ ho rizontal s tan d  was selected, and  a fte r  
th e  desired spot had  been pho tographed  by o rd i
n a ry  w hite lig h t em an a tin g  from  th e  righ t-hand



side, th e  slid ing objective changer and prism  were 
exchanged fo r th e  q uartz  set, and  th e  same spot 
was exam ined and photographed by th e  pencil of 
u ltra-v io le t lig h t coming from th e  special 
illum ina ting  tab le  placed on th e  left-hand side, as
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F i g . 13.—A l p h a -B eta  B r a s s— S p e c if ic a 
t io n  C (V—50—X).

shown in F ig . 5, F ig . 6 showing th e  original 
a rrangem en t used. The s truc tu res  exam ined were 
chiefly of non-ferrous alloys from  the  famous series 
of arsenides and sulphides investigated by F ried 
rich, and  in several cases s truc tu res  and shapes not 
previously revealed were m ade clear by th e  aid of 
the  u ltra-v io le t ligh t photo-m icrographs4, some of 
which have already appeared in  “  M etallurgie,”  
Vol. V ., H e ft 20, of Oct. 22, 1908, p. 593. T hat 
th e  microscope fitted  w ith u ltra-v io let light 
ap p a ra tu s  is an in s tru m en t of g rea te r precision 
and power th an  any o ther available to r  micro- 
m etallography is only now being appreciated  in 
some q u a rte rs .4



Microstructv/res.—In  th e  scope of non-ferrous 
m etallography th e re  is a  very g re a t v a rie ty  of 
known types of s tru c tu re , and  an even rich e r v is ta  
opens before th e  p rac tica l w orker in th is  field th an  
in  th e  general ru n  of th e  ferrous m etal-structures.
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F i g . 1 4 .— A l p h a - B e t a  B r a s s — S p e c i f i c a 
t io n  G (Y — 50— X ) .

To th e  research  s tu d en t there  is an even g rea te r 
possibility of varia tions, and  th e  carefu l develop
m en t of these by su itab le  polishing m eans and 
selective e tch ing  reagen ts is a very in te re s tin g  and 
in s tru c tiv e  ran g e  of work. N um erous lis ts  have 
appeared  from  tim e  to  tim e  of special agen ts of 
lim ited  application , b u t i t  is su rp ris in g  w hat 
generally  useful app lication  can be m ade of th e  
old fe rric  chloride solu tion  in  th e  m a jo rity  of 
p rac tica l w orking cases.

R eferrin g  to  a series of zinc-base alloys, qu ite  
rem arkable types of s tru c tu re  can be revealed 
in  these by proper e tch ing . The sim plest is th e  
well-known cubic or rhom bohedric fo rm ation  when
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a definite compound is form ed and has h u t little  
solubility in  th e  m atrix . The size of th e  separated  
partic les reflects accurately  th e  ra te  of cooling 
a tta in e d  by th e  mass, and F ig. 7 shows how, in  the 
case of h a rd  spelter in  aceretionary form, i t  can

F i g . 1 5 .— W e l l -C a s t  P h o s p h o r - B r o n z e  
(V—50—X).

qu ite  suddenly change th e  size of the  crystal grains 
separa ted . T he average analysis of th is  dross 
showed 3 .5  p er cent, of iron (which was practically  
all u n ited  w ith th e  zinc, form ing th e  h igher m elt
ing -po in t crystals which were the first to  separate 
as th e  mass cooled), and 1 .5  per cent, of lead, not 
visible in  th e  zinc-rich m a trix  etched black in the  
photo-m icrograph tak en  a t  5 0  diam eters.

The “ onion ” ty p e  of freezing suggested by P ro
fessor Howe5 is an alm ost ideal form  of s tru c tu re  
fo r c e rta in  purposes, b u t i t  is very rarely  m et w ith 
in p rac tica l experience, about th e  only exam ple 
known to  th e  w rite r in his small am ount of non- 
ferrous m etallography work being th e  P ra n a  alloy
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No. 4, shown in F ig . 8 a t  50 d iam eters magnifica
tion . In  th is  view, the a lte rn a te  layers of ligh t 
and  dark  etching constituen ts a re  d istinctly  
arran g ed  in  concentric form ation , excep t where 
two or m ore crysta llisa tion  centres m utually  in te r
fere, and produce a double righ t-angled  appearance 
shown a t  th e  bottom  of th e  figure.

F i g . 1 6 .— P h o s p h o k - B r o n z e  C a s t  a t  to o  
Low a T e m p e r a t u r e  (Y — 5 0 — X ) .

Needle-shaped spines and conglom erates of these 
in to  s ta rs  a re  common non-ferrous alloy form a
tions, and these show up th e  m ore clearly when 
th e  m a trix  con ta in ing  them  is eutectife>rous, and 
th u s  of m uch .low er m elting  po in t. T hus F igs. 9 
and  10 show two zinc-base alloys to  w hich both 
alum inium  and  copper have been added in  the  fol
lowing percentages, in  the  endeavour to  secure a 
su itab le  fuze m eta l to  m eet the  specification called 
for and  detailed  in  th e  tab le  (page 123),
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Fuze
[Metal. Zn Cu A1 Pb Ten

sile.
Compression. Hard

ness.El. Lt. Ul.
Tons. Tons. Tons.

Fig. 9 92 2 6 tr. 6 21 56 105
Fig. 10 90 o 4 L 15 33 58 —

F i g . 17.—B r it t l e  P h o s p h o r -B r o n z e  
(V—50—X ) .

The specification called for a compression break
ing load of n o t less th a n  60 tons per sq. in ., 
w hereas th e  above did n o t qu ite  come up to this. 
The elastic  lim it in  compression, well over 20 tons 
fo r both above samples, was no t definitely called 
for, b u t a f te r  a load of 8 tons per sq. in  had been 
applied, th e  cylindrical te s t piece m ust no t show 
a reduction  in  leng th  of more th a n  1 per cent. 
As a m easure of ductility  and  ability  to  forge, the  
specimen should no t show any signs of cracking 
a f te r  i t  had  undergone a  35 per cent, reduction
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of length . In  m aking  th e  tensile  te s t, th e  duc
tili ty , as m easured e ith e r by percen tage  elongation  
o r reduc tion  of a rea , was n o t deemed sufficient, 
being only 1 p er cen t in  each case. The alloy con
ta in in g  lead was s till less ductile , and  only recorded

F i g . 1 8 .— “  S w e a t  ”  f r o m  P h o s p h o r - B r o n z e  
(V—50—X).

0.5 p er cent, elongation  on th e  s tan d a rd  2-in. gauge 
leng th . A lthough these alloys were understood to  
be forgeable a t  250 deg. 0 ., i t  was generally  found 
advisable to  ta k e  them  up to  about 400 deg. C ., 
b u t i t  was necessary to  h ea t them  up slowly, first 
to  about th e  250 deg. C. in  an  oil b a th , and  th en  
for a few m inu tes a t  th e  fro n t of a gas fu rnace , 
before being stam ped  in  th e  screw press, to  get 
th e  rough forging su itab le  fo r subsequent 
m achining.

B rasses.
The foregoing zinc-base alloys were never able to 

replace successfully th e  fo rg ing  brasses fo r th e  
purposes of fuze m etal, and four m icrographs
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(Figs. 11 to  14) a t  50 magnifications clearly show 
the  differences between th e  grades of alpha-brass 
and th e  several grades of a lpha-beta brass around 
the  60:40 composition, all of which were forgeable 
b u t which possessed d ifferent degrees of machin- 
ability . 'J able I  serves to compare th e  specified

F i g . 21.—C o p p e r  a n d  C o pp e r  O x id e  (Y— 100—X).

streng th s of th e  several classes w ith th e  actually 
a tta in ed  physical characteristics corresponding to 
the  fou r d ifferent s truc tu res  shown .

In  th e  case of d e ten t parts , th e  necessary 
physical p roperties could rare ly  be a tta in ed  in the 
p lain  casting , and  th e  necessary forging, a fte r 
h ea t tre a tm en t, was needed to  reach the  high 
values shown under class “  A .” Both “ B ”  and 
“  C ”  could best m eet th e  requirem ents if the 
m etal were carefully  m elted, w ithout stewing, 
before being cast in to  chill moulds. W ith mode
ra te  care th e  requirem ents of “ C ”  could be m et 
w ithout th is p recau tion , b u t as common scrap 
m ateria ls were often  aitilised in its m anufacture, 
sufficient care  was no t often expended in keeping
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th e  m elt free from  dross. The “  G ”  m etal used 
for th e  forging proper was usually best cast in a 
chill mould, and in m any cases the subsequent 
fo rg ing  o r press-stam ping operation  in the  hot 
s ta te  im parted  an elongated form  to  th e  con-
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F ig .  22.— G a s e o u s  I n t e r g r a n u l a r  P e n e 
t r a t io n  r e n d e r s  Co p p e r  A ll o ys  
B r it t l e  (V — 200—X ) .

s titu en ts , sim ilar to  th a t  often  observed in 
ex truded  m etal.

Bronzes,
In  th e  tin - iand phosphor-hronzes which are most 

commonly used for bearing  m etals, one of the 
most im p o rtan t m a tte rs  is to  ensure, a p a rt from 
th e ir  soundness and freedom from  blow-holes, the 
proper s tru c tu ra l a rrangem en t of th e  p rim ary  
copper-rich crystallites, which should form the 
in terlock ing  ty p e  of arrangem ent, and have the 
inter-special de lta  m ate ria l in small, uniform ly 
d is tribu ted , and, if possible, isolated patches. 
F igs. 15, 16 and 17 show, w ith th e  accompanying 
physical te s ts  (Table I I ) ,  th e  effect of a tta in in g  or 
losing th is desired s tru c tu re .

p
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The s tru c tu re  shown in  F ig . 15 is th a t  of a well- 
cast m etal, th e  tem p e ra tu re  hav ing  been suitable 
for th e  size o f a rtic le  involved. By con trast, the 
m etal shown in  F ig . 16 has eviden tly  been cast a t

F i g .  2 3 .— N o r m a l  A n n e a l e d  S t r u c t u r e  o f  
H i g h  M a g n e t i c  P e r m e a b i l i t y  F e r r o -  
N i c k e l  ( V — 4 0 0 — X ) .

too  low a tem p era tu re , an d  resulted  in th e  sup
pression of th e  dend ritic  grow th of th e  p rim ary  
crystals, w hilst th e  eutecto id  has formed an alm ost 
continuous netw ork in  sp ite  of th e  lower t in -  
co n ten t th a n  No. 15. In  addition  to  being 
deficient in s tren g th , th is  bearing  would n o t s tan d  
up to  such prolonged w ear as the  first. An 
exceedingly b ri tt le  a rrangem en t of th e  co n stitu en ts  
is th e  rec tan g u la r one shown in F ig . 17, which 
m eta l was no t chill-cast, as i t  m igh t appear to  
have been. Such a bearing  m etal m ig h t s tan d  
up fa irly  well if p u t in to  service where no serious 
shocks were likely to  be encountered , b u t even 
th en  th e  large  am ount of delta-eu teeto id  p resen t



131

would be a p t  to  prom ote scoring of any th ing  less 
th a n  a  hardened  jou rnal.

W hen large percentages of t in  a re  present, 
e ither alone o r along w ith  some residual phos
phorus, th e re  is a g re a t tendency for some of th is 
d e lt a -e u tee to  i d to  exude or ooze o u t of th e  cast- 
’nS> p a rticu la rly  from  th e  riser and runners, as 
th e  m etal cools an d  contracts. The erroneous idea 
th a t  th is “ w hite ”  m etal is purely t in  is n o t only 
clearly proved by analysis, b u t also, when the 
partic les a re  too sm all for th is, by th e  micro- 
s tru c tu re  they  show. F ig . 18 indicates the  com
plex n a tu re  of th is “ sw eat,”  since, in addition 
to  th e  te rn a ry  eu tec tic  of copper-tin-phosphorus, 
the re  are  qu ite  an appreciable num ber of the 
dark-etch ing  copper-rich dendrites present. 
N a tu ra lly , such pellets a re  exceedingly b rittle , 
and ind ica te  th e  e x te n t to  which segregation can 
occur w ithin draw n places inside th e  casting.

A lum inium  Alloys.
So m any of these have now been utilised in the 

foundry  and fully described recently  th a t  i t  is not 
necessary to  recap itu la te  those of the  low specific 
g rav ity  end of th e  d iagram . There a re  still many 
avenues of th e  copper-alum inium  alloys to  be 
explored, and  a  very in te resting  case of the 
rem arkable property  some of these have of self
annealing  themselves in  th e  process of casting 
came to  th e  w rite r’s notice. A very heavy-duty 
bevel-wheel o f over 3 cwts. had been tr ied  in 
several alloys, u n til ia m ix tu re  was finally recom
m ended and tr ied  which contained copper, 83; 
alum inium , 10; nickel, 6 ; and zinc, 1 p e r cent. 
A separately -cast tes t-b ar was found to be sim ilar 
in  s tren g th  and s tru c tu re  to  th e  risers of com
para tive ly  sm all section. I t  was not, however, 
u n ti l th e  m achine was being scrapped in which 
th e  ac tua l wheel was used th a t  portions of i t  were 
exam ined fo r s tru c tu re , and th e  comparison is 
shown in  Figs. 19 and  20. In  th e  form er a t  50 
d iam eters th e  s tru c tu re  is of th e  sim ple alpha-beta 
type, due to  th e  com paratively rap id  cooling. 
The la rg e r mass, which had  cooled m ore slowly, 
showed th e  com plete change possible in  th is ty p e  of 
s tru c tu re  due to  self-annealing, whereby the  beta 
con stitu en t can break down in to  e ither a gamma 
o r delta  eutecto id  which forms th e  interspacial
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m atrix  around  th e  p rim ary  crystals rich  in  copper, 
and in th is  case con ta in ing  m ost of th e  nickel in 
solid solu tion . The m in u te  n a tu re  of th e  p a r
ticles in  th e  eu tec to id  will he realised from  the

t h e  A l l o y  s h o w n  i n  F i g . 23  
(V — 4 0 0 — X ) .

g rea te r m agnification of 200 diam eters required 
to  resolve i t  in  th e  photo-m icrograph, F ig . 20.

Copper,
A p art from  th e  ha rm fu l am ount of oxygen some

tim es tak en  up by copper when rem elted  from  
ingot form , th ere  has recently  been a  crop of 
obscure troubles in  refined copper, chiefly of 
A m erican o rig in , which has been p u t down to  
“  gassy ”  copper. A considerable am oun t of 
research work has been expended upon th is 
m a tte r , and th e  re su lt po in ts to  tw o causes; one 
of which is an  excessive am oun t of oxygen 
p resen t in  th e  form  of cuprous oxide, and  the
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second cause to  copper w ith  a  m ore m oderate 
am ount of oxygen which very read ily  became 
b r i t t le  on  being heated  in  a  reducing  atm osphere. 
W hen copper is being refined, o r even when elec
tro ly tic  copper is being m elted to  cas t i t , cuprous 
oxide forms rap id ly , and  is soluble to  a  slight 
e x te n t in  th e  m olten copper. I t  should be almost 
completely rem oved by th e  poling operation, and 
only sufficient le f t to  control the  “  se ttin g  ”  of 
th e  open-m ould cast-bars to  produce th e  required 
level su rface  in  th e  common “  crim ped ”  form. 
I f  too  long a tim e elapses d u ring  casting  and 
before poling is ag a in  resorted  to , there  is a 
danger of an excessive am o u n t of oxygen being 
tak en  up , a n d  th is  commonly shows itself in  a 
layer n ear th e  top sk in  of the  ingot o r bar, and 
in  c e rta in  cases i t  even exudes as small pimples 
on th e  ingot surface. The analysis of such m etal 
m ay be all th a t  is desired, apparen tly , as i t  is 
som ewhat difficult to  e stim ate  oxygen content, 
especially when so completely segregated, b u t the 
microscope reveals the  harm fu l effect verv clearly. 
Thus F ig . 21 a t  100 m agnifications shows no t only 
the  easily-recognised eu tectic s tru c tu re  of copper 
w ith cuprous oxide in th e  copper ground-mass, 
b u t also considerable masses of free oxide in 
slightly  globularised strings occurring near the  
surface even a f te r  the  copper has been reduced 
in  size, and  any possible excess-scale given every 
o ppo rtu n ity  of being removed. The only cure for 
th is fau lt is  b e tte r  casting  conditions and care in 
ob ta in ing  th e  correct casting  tem pera tu re .

The o ther troub le  caused by gassing in  a reduc
ing atm osphere has long been known as th e  effect 
of reducing th e  copper oxide, which occurs in 
less highly-enriched copper as pearlitic  patches of 
eu tec tic  a t  th e  g ra in  boundaries. This produces 
spongy m ateria l a round  the  grains of copper and 
causes pronounced brittleness, as the frac tu re  
always occurs between the  crystal grains. A very 
useful form  of h ea t- trea tm en t has recently been 
devised to overcome th is possibility of brittleness, 
th e  exp lana tion  fo r which is clearly shown in the 
photo-m icrograph, F ig . 22, revealing  the inter- 
g ran u la r n a tu re  of th e  gaseous penetra tion . It- 
has been found7 th a t  by a  p roper annealing, fol
lowed by slow cooling, th e  cuprous oxide mesh- 
work can be spherodised ju s t  like pearlite , and
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balled up in to  tin y  patches located th ro u g h o u t the 
copper m a trix , w ithou t being in th e  grain

F i g . 2 5 .— S il v e r  S o l d e r — t h e  N o r m a l  
S t r u c t u r e  ( V — 5 0 0 — X ) .

boundaries. The gassing o r h ea tin g  in  any reduc
ing atm osphere no longer h ad  any  ha rm fu l effect 
upon th e  d u c tility  of th e  m eta l, because w here th e  
cuprous oxide had  been th e re  only rem ained  tiny
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i holes in  th e  m etal lined w ith spongy copper.
Since these blow-holes were sca ttered  th rough  the 
m eta l in  disorder, no b rittle  g ra in  boundaries 
were found  to  ex is t, an d  th e  trouble  was 
elim inated .

Nickel Alloys.
The e x te n t to  which nickel and  its  alloys can 

be rendered  non-m alleable by oxygen is only 
s lig h t com pared w ith th e  astonishing effect which 
su lphur has in  th is respect. The form er idea th a t  
th e  add ition  of m agnesium  had  the effect o f  remov
ing th e  oxygen has now been dispelled, and  the  
t ru e  case for th e  expulsion of th e  su lphur by m ag
nesium  has been dem onstra ted .' A rem arkable 
s im ila rity  has recently  been found in  the  working 
o f  some of th e  nickel alloys w ith  th a t  of copper, 
in  regard  to  its  ready  em brittlem en t when being 
annealed, a  s tru c tu re  exactly resem bling th a t  of 
“  gassed ”  copper resu lting . One of the  new 
alloys o f ferro-nickel renowned for high m agnetic- 
perm eability , shown in  F ig . 23, illustrates the 
norm al s tru c tu re  of tough  and ductile m etal when 
i t  has been properly annealed. W henever the 
tem p era tu re  is sufficiently high, and  gassing con
ditions p revail, th en  th e  surface is converted into 
a  mass in  which th e  g ra in  boundaries are 
em brittled , and differ considerably from the  
norm al m eta l. Such a  s ta te  of affairs is shown in 
F ig . 24, which deleterious effect can only be 
removed by s tro n g  chemical o r m echanical means 
when th e  u n a ttacked  po rtio n  re ta in s  its  customary 
properties.

S ilver Alloys.
One of th e  m ost useful applications of th is semi

precious m eta l to  engineering  purposes is in  the 
p rep a ra tio n  of th e  so-called silver solder, which 
consists of a b razing  m etal to  which a varying 
proportion  of silver has been added. This series 
of alloys gives rise  to some of th e  m ost in te resting  
forms of eutectic s tru c tu re , which is capable of 
num erous m odifications. In  th e  usual varie ty  for 
h igh conductiv ity  work, th e  percentage of silver 
added is usually  8 per cent., and when used in 
conjunction  w ith  copper th e  in itia l copper-rich 
crystallites to  form a re  generally well-marked and 
contiguous to  th e  joined surfaces. F u rth e r in, 
as shown in  F ig . 25, th e  tree-like forms of these
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crystallites have  free scope to develop in the 
silver-zinc eu tec tic , which can form  beau tifu l 
p a tte rn s , m ost of which a re  h ighly-ductile for such

F i g .  2 6 .— S il v e r  S o l d e r  i n  a B raz ed  
J o i n t  (V—5 0 0 — X ) .

a m ateria l. Thus when th e  cross-sectional area  of 
th e  braze lias been considerably reduced, the  
deform ation figures of th e  copper-rich  crystallites 
and the  su rround ing  eu tec tic  are  o ften  grotesque,



137

bu t ind ica tive  of s tren g th  and non-liability  to 
p a rtin g  company, as seen clearly in F ig . 26, which, 
like th e  form er photo-m icrograph, has been taken  
a t  500 d iam eters m agnification, and  shows the 
copper base w ith th e  solder attached .

Conclusion,
The enum eration  of cases in which th e  micro

scope can  prove of inestim able value to  th e  non- 
ferrous m eta l w orker is alm ost endless, b u t i t  is 
hoped th a t  th e  p resen t selection of instances and 
illu stra tions will serve to  assist' those who have 
n o t y e t seriously contem plated th e  insta lla tion  
and continuous app lication  to  practical purposes 
of a reasonably good microscope, and wherever 
possible a  serviceable photographic outfit, in 
m aking a  step in th a t  direction, since th e  know
ledge gained in  th is  way canno t be equalled by 
th a t  ob tained  in  any o ther direction, and is most 
f ru itfu l in  a tta in in g  b e tte r  result's w hen applied 
in  common-sense m anner.

The w rite r desires to express his indebtedness 
to  M r. H . S . P rim rose, M .I.M ., for assistance in 
connection w ith  the analyses quoted, and also to 
the num erous firms whose products have been 
investiga ted  and  reported  above.
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D ISC USSIO N.
D r. H . H y m a n , P h .D ., sa id  th a t  th e  P ap e r was 

of the  usual h igh  s tan d a rd  associated w ith  Mr. 
P rim rose. The only criticism  he had  to  m ake was 
w ith  reference to  the  alloys in  Table I  and  the 
corresponding m icro-photograplis. In  connection 
w ith  specifications A and B, th e  A lpha brass was 
m ade to  give a  h igher tensile and  elongation  than  
th e  A lplia-beta brass, bu t th a t  was n o t in  accord
ance w ith the  general custom. U sually, Alpha- 
be ta  brasses gave high tensiles and  low elonga
tions and  A lpha brasses lower tensiles and  corre
spondingly h igher elongations. H e asked w hether 
i t  was n o t possible th a t  the  photograph  illu s tra tin g  
th e  A lpha brass was really  a  B e ta  s truc tu re . 
P erhaps the  analyses rep resen ting  classes A and 
B would help to  clear th e  m a tte r  up.

M r. E . L o n g d e n , re fe rrin g  to  th e  rem arkable 
m icro-photographs showing th e  effect of th e  rise of 
casting  tem p era tu re , sa id  i t  would be very illu
m ina ting  if M r. P rim rose would ca rry  o u t some 
experim ents on th e  use of h o t moulds. There had 
been some w onderful resu lts w ith th e  L anz pro
cess, and  modifications of i t  in  connection w ith 
cast iron, b u t he did n o t know w hether sim ilar re
sults would be ob tained  w ith  non-ferrous m etals.

M r. P . A. R u s s e l l  th an k ed  th e  au th o r fo r the 
P ap er, and  p a rticu la rly  for supplying w hat he had 
called s tan d a rd  m icro-photographs for purposes of 
com parison. H is (M r. R ussell’s) firm ran  both an 
iron  foundry  and a brass foundry , th e  la t te r  being 
only a sm all p a r t  of the  foundry  concern, 
and  they  h ad  found th e  microscope of enor
mous advan tage  m  in v es tiga ting  th e  troubles 
th a t  arose, and which seemed to  be even worse in 
brass founding  th a n  in  iron founding, particu la rly  
w ith reg ard  to  casting  tem pera tu res.

M r. F l e t c h e r  th an k ed  th e  au th o r fo r em pha
sising th e  necessity for exam in ing  one p a rticu la r 
a re a  of a specimen instead  of moving about. He 
him self had  adopted th a t  p a rtic u la r  p rac tice  for 
25 years. Some of those who h ad  n o t had  very 
long .experience m igh t benefit g rea tly  by w hat the 
au th o r had  said, and  they  all th an k ed  him  for his 
usual w onderfully c lear work.

M r. A. L ogan said  th e  au th o r had  rig h tly  em
phasised th a t  very h igh  m agnifications were not
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really  requ ired , and  th a t  applied to the iron foun
d ry  as well as th e  brass foundry. In  the m ajo rity  
of cases i t  was no t necessary, for works practice, 
to go beyond 150 diam eters. The po in t needed 
em phasis because th e  microscope was looked a t  by 
some folk w ith  feelings of awe, and some were 
ra th e r  discouraged to  adop t the microscope on 
account of the  skill and m an ipu la tion  required. 
Wiith reg ard  to  the use of screens, m ention was 
m ade of th e  K .10 yellow screen as being the  most 
generally  useful. H e asked if th is  was a  m is
p r in t . H e was very in terested  in  the  au th o r’s 
descrip tion  of th e  use of u ltra-v io let ligh t 
fo r h igh resolving powers. A lthough u ltra 
violet lig h t was of very g rea t p rac tica l use 
fo r pu re  research work, he was inclined to 
th in k  th a t  i t  would be some tim e before i t  would 
come in to  general use in  works practice. There 
were m any difficulties and troubles a tte n d a n t upon 
its use. The self-annealing of ce rta in  alum inium  
alloys was also a very in te resting  po in t. He 
believed most types of A lpha-beta s tru c tu re  showed 
th is phenomenon, given suitab le  conditions. The 
sam e th in g  occurred in connection w ith alpha
bets m anganese brass. In  fact, in  th e  production 
of such castings as propellers autom atic  annealing 
of the  casting  in  the  mould was purposely 
arranged .

M r. N. I>. R id s d a l e  (M iddlesbrough) asked w hat 
colour process th e  au th o r considered to  be th e  best 
for colour photography th rough  the  microscope. 
H e understood th a t  th e  “ Lum iere ” process gener
ally gave ra th e r  a dense p icture , which was too 
dense if one w anted to use th e  colour transparency  
th rough  th e  lan te rn  for lecture purposes. H e asked 
w hether the  au th o r had ever used the P ag e t colour 
process, and w hether he considered i t  to  be more 
suitab le  011 account of th e  more tran sp a ren t 
p ic tu re  produced.

M r. W e s l e y  L a m b e r t  (London) expressed his 
apprecia tion  of th e  paper, and  suggested th a t , 
being now in  possession of th is  paper, which 
covered th e  general ground of th e  appara tu s used 
in th e  laboratory  in connection w ith the  exam ina
tion  of th e  m icrostructu re  of m etals, we should not 
requ ire  any m ore papers of th is k ind. This paper 
should be regarded  as a text-book so fa r  as the  
ap p ara tu s is concerned, and w hat was now w anted
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was papers dealing  w ith  th e  microstrucfrure of 
p a rticu la r foundry  alloys. The analysis should be 
clearly s ta ted , toge ther w ith th e  conditions under 
which th e  alloy was compounded, th e  size of th e  
sections from  which th e  p ic tu res were tak en , and 
so on. The specimens to  be c u t from  castings pro
duced both  u nder ideal conditions and  im proper 
conditions, and  th e  photom icrographs should be 
clearly in te rp re ted , so th a t  a s tu d en t could 
fam iliarise  him self w ith  th e  m icro-constituents and 
also th e  defects of any p a rticu la r foundry  alloy. 
H is experience was th a t  th e  young opera to r had 
considerable difficulty in  correctly  in te rp re tin g  
w hat he saw under th e  microscope. H e would 
like to  im press upon th e  younger m em bers who 
were ta k in g  up th e  use of th e  microscope for the 
th e  investiga tion  of alloys, th a t  i t  was on th e  lines 
he had suggested th a t  they  m igh t do valuable work. 
W h a t he had  in  m ind was th a t  b rief papers should 
be presen ted  to  th e  In s ti tu te  g iving photo
m icrographs ob tained  from  castings m ade in  any 
one of th e  commonly used foundry  alloys, from 
m etal in  both th e  norm al and abnorm al condi
tions.

AUTHOR’S REPLY.
M r. P r i m r o s e , rep ly ing  to  th e  discussion, said 

th a t  th e  alloy A, in Table I , compression was found 
to  give a percen tage  of elongation  of 13 on 1 inch. 
R eferring  to  D r. H ym an’s rem arks as to  th e  
physical p roperties of th e  A lpha and  A lpha-beta 
brasses, he said he could assure D r. H ym an defi
n ite ly  th a t  th e  A specim en of A lpha brass came 
w ith in  th e  70/30 range. H e could qu ite  u nder
stand  the  doubt as to  its physical p roperties being 
as s ta ted  in  the  table, because th e  “  A ”  m etal 
brass had  had  to  be forged in  o rder to  a tta in  
the values given. The brasses in  P igs . 12 and  13 
were as cast, and  th a t  in  F ig . 14 was forged. 
T h a t m ight be the reason fo r the  sligh t difference 
in physical p roperties th a t  D r. H ym an h ad  com
m ented upon.

In  reply to  M r. Longden, he said he had not 
tr ie d  specially h o t moulds fo r casting  non- 
ferrous m etal. I t  was obvious, of course, th a t  the  
mould m ust no t be in  such a  condition th a t  mois
tu re  m igh t condense on i t  ; s ligh t h ea ting  of th e  
mould was found to  be advantageous, b u t when i t  
became too ho t, troubles such as segregation  arose.
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In  reply to M r. Logan, he said he certa in ly  had 
considered th a t  a K .10 screen was one of the most 
generally  useful. I t  was a fairly  dark  yellow. On 
one occasion he had  irsed two of them  as two 
screens of ge la tine  which alone were n o t quite 
d a rk  enough. H e believed they were equivalent 
to  a  K .10. H e had  no t used the  green filter 
much, b u t the  yellow one he had found to be 
very useful fo r non-ferrous and even for some 
ferrous m etals. W ith  regard  to the suggestion 
th a t  150 d iam eters was the  h ighest m agnification 
necessary fo r works p ractice, he said he had  some
tim es slightly  exceeded th a t, especially where very 
sm all g ra in  size was involved. As a rule, how
ever, he liked to  work in m ultiples of the lowest 
power obtainable w ith the o rd inary  lenses of the 
microscope. In  m any microscopes the lowest was 
50, and could be worked up to  100, 200, 400 or 500 
and 1,000 in  simple m ultiples. H e used a graph 
which had been p repared  by m icrom etric m easure
m ent, and by looking a t  th a t  g raph he could see 
to w hat distance he m ust extend th e  cam era in 
order to  get a m agnification of 200 or 500, as the 
case m ay be, instead  of selecting a suitable place 
to photograph, and  finding afterw ards th a t  i t  was 
197-1 or some such figure, whereas by a slight 
m ovem ent of th e  cam era he could have got 
exactly  200 diam eters.

The use of u ltra-v io le t ligh t m ight come into 
use to  explore some of th e  points which even yet 
we were not ce rta in  about.

I t  was all very well to  regard  his P ap er as a 
text-book, b u t he was a fra id  th a t i t  was subject 
to  revision as progress co n tin u ed ; he had merely 
given w hat he had  found up-to-date.

Replying to M r. R idsdale, w ith  regard  to  colour 
photography, he said he had experience only of 
the “ L um iere ”  p lates, and had found th a t  a fte r 
he had  used them  in  th e  lan te rn  a few tim es they 
became so dense as n o t to  reproduce th e  colours 
on the  screen. M r. F . Law seemed to have got 
over th e  difficulty of colour transparency , and had 
exhibited  some adm irable examples of colour 
photographs, b u t w hether they  had u ltim ately  
become dense a f te r  continued use he did not know.

F inally , he thanked  M r. L am bert for his 
in sp iring  suggestions.



SOME NOTES ON THE PRODUCTION OF CYLINDER 
PIG-IRON TO FRACTURE AND ANALYSIS.

B y E . J. Yates, B .S c . (M et.).
T he object of th is  P ap e r is to  ou tline  some of 

th e  difficulties and  experiences on th e  production  
of cylinder p ig-iron from  th e  m eta llu rg ica l and 
technical po in ts of view. The task  m ay be defined 
as an  u n d e rtak in g  “ to  produce a cylinder iron 
of co n stan t dense grey and  close fra c tu re  to  th e  
following charac te ris tic  an a ly s is : T o tal carbon
under 3.2 per cent, and th e  silicon varying 
betw een 1.2 and  3.0 per c e n t.”

The w rite r’s experience has been a t  th e  Golden- 
dale furnaces. These fu rnaces a re  peculiarly 
su ited  fo r th is  work, th e  o u tp u t being small and 
th e  driv ing  very slow, w ith a low-blast tem pera
tu r e ;  obviously th e  cost of m aking  is fa r  h igher 
th a n  w ith  m odern fu rnace  p rac tice  based on 
large ou tp u ts .

U ndoubtedly both the  fra c tu re  and analysis are 
necessary for a com plete definition of an iron, 
coupled w ith  a  very im p o rtan t proviso, i.e., th e  
ty p e  of fu rn ace  used. T he iron produced in  a 
sm all, slowly-driven fu rnace  is of very d ifferen t 
ty p e  from  th a t  produced from  a la rge  and  more 
rap id ly  d riven  one.

These fac to rs of fu rnace  design, b las t tem p era
tu re  and slow d riv ing  a t  th e  G oldendale furnaces 
a re  responsible for th e  low to ta l-carbon  iron  pro
duced, which is definitely su ited  to  cy linder-casting  
m anufactu re .

Most' carefu l a tte n tio n  is given to  d e ta ils  of 
fu rnace  w orking, both  as regards q u a lity  of pro
d u c t and  also th e  percen tage  produced. These 
factors a re  to  be borne in  m ind  d u rin g  th e  subse
q u en t p a r t  of th is  P ap e r.

T here is on view a t  th e  E xh ib ition  a dual series 
of frac tu res  o f th is  pig-iron. One series shows 
how th e  f ra c tu re  can vary  progressively from  open 
iron to  w hite  iron, th e  silicon co n ten t of the  
series fa lling  betw een 2.26 and  2.06 p er cen t., for 
all in ten ts  and purposes a  un ifo rm  figure. The 
o th e r series shows how th e  cylinder frac tu res  are
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indistinguishable, w ith  th e  silicon vary ing  pro
gressively from  1.4 to  4.6 p er cent. I t  m ust he 
em phasised th a t  these pigs have been norm ally 
cooled in  th e  p ig  beds, th e  cooling conditions 
changing only w ith  th e  seasonal varia tions.

These specimens show how th e  frac tu re  and the 
m ost im p o rtan t elem ent of th e  analysis, which is 
usually  regarded  as the  controlling c rite rion  of 
frac tu re , a re  n o t necessarily re la ted  a t  all.

I t  is usually tak en  for g ran ted  th a t  th e  more 
open th e  g ra in  th e  h igher th e  silicon, and up to  a 
po in t th a t  is t r u e ; b u t by varying the  operating  
conditions of th e  furnace, however, th e  whole 
ran g e  of silicon contents m ay be altered . So one 
gets th e  ap p a ren t anom aly of an open-grain iron 
co n ta in ing  2 p er cent, silicon and a  close-grain 
cylinder iron  w ith  4.6 p er cent.

I t  is as well to  digress for a mom ent. These 
term s “  open ”  and “  close ”  are  difficult to  
define. T he usual way is by num bers—No. 1, 
No. 3, e tc ., b u t th is  is a purely  a rb itra ry  one, 
and  i t  is generally  found th a t  th e  g rad ing  of 
p ig-iron is in  th e  hands of th e  senior p ig lifter. 
This is n o t as i t  should be. The size of the  
g rap h ite  flakes varies over th e  face of a pig in a 
No. 3 iron, for instance, and  together w ith th e  
re la tive  amount's determ ine th e  class into which 
th e  iron  is to  be placed. These fra c tu re  numbers 
from  d ifferent p lan ts  bear a general analogy, b u t 
th e  only way would be to  m easure the  average 
size of th e  g rap h ite  plates.

T he phosphorus-content of th e  iron is entirely  
dependent on th e  am ount p resen t in  th e  furnace 
burden, and  all th e  phosphorus goes in to  th e  
m etal. Consequently, i t  is a  serious m a tte r  to 
a lte r  th e  phosphorus, necessita ting  a radical 
a lte ra tio n  in  th e  burden, w ith consequent changing 
of supplies of raw  m ateria l.

T he m anganese con ten t is dependent on the  
furnace. Of all th e  elem ents, th is  is th e  least 
under control in  cylinder iron. A p a rtia l reduc
tio n  only takes place, and w hilst th e  proportion 
of th e  m anganese throw n in to  th e  iron rem ains 
tolerably constan t for open irons, i t  dwindles 
rap id ly  as th e  fu rnace changes “ colder,”  and a 
much sm aller proportion  passes in to  the  iron when 
the  fu rnace  is com paratively cold and producing
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w hite iron. C ylinder irons are  on th e  border line 
between w hite and  open irons, and th is  resu lts m 
a very variab le  am oun t being reduced.

Sulphur is always th e  bete-noir  of th e  blast 
furnace, and i t  is advisable to  carry  a fa ir  pro
portion  of m anganese to  keep th is w ith in  bounds 
—p articu la rly  when using coke high in  su lphur 
(1.3 per cen t.).

B u t th e re  is ano ther p o in t of view. A high- 
m anganese p ig  is desirable in  th e  foundry . There 
i t  again  helps to  cure th e  equally  im p o rtan t and 
pernicious problem  of su lphu r in  th e  cupola. The 
su lphur in  o rd inary  small p roportions exists in 
high-m anganese iron  as m anganese sulphide, 
which is innocuous com pared w ith  th e  iron sul
phide in  low-m anganese irons. The m anganese 
sulphide shows a tendency to  slag off in  th e  cupola, 
and  a fa ir  p roportion  of m anganese in  th e  cupola 
charge is an alm ost au tom atic  an tid o te  to  sul
phur. M anganese has no deleterious effect when 
p resen t in  am ounts insufficient to  cause b r i tt le 
ness, say under 2 p er cent, to  be on th e  safe  side.

I t  m u s t be understood th a t  w hilst a g rea t 
m easure of control is exercised in  a b las t fu rnace 
by very carefu l a tte n tio n  to  th e  m any  variab le  
factors, th e  only way finally to  g rade  is by 
analysis.

Thus th e re  is the  tw in  specification of frac tu re  
and analysis as a com plete descrip tion . B oth are 
of g re a t im portance, b u t n e ith er is com plete in 
itself.

The frac tu re  is a guide to  th e  in te rn a l s tru c tu re  
of th e  m etal, which is, a f te r  all, th e  m ain  con
sidera tion  in  th e  finished casting . R em elting  an 
iron does n o t destroy its o rig inal s tru c tu re , though 
i t  m ay be modified due to  v ary ing  cooling ra tes, 
b u t as o rd in arily  cast, th e  s tru c tu re  ob tained  is 
th e  sam e as in  th e  o rig inal pig.

The f ra c tu re  shows th e  m acro -structu re  of the 
pig, and  th is  is a physical te s t  which, roughly 
speaking, gives a clue to  th e  m icro-struc ture. 
The size of th e  g rap h ite  flakes bears a  very close 
relationsh ip  to  both th e  to ta l carbon and  the  
combined carbon, irrespective of th e  o th e r con
s titu e n ts . These tw o, perhaps, form  th e  most 
im p o rtan t factors in th e  properties of th e  finished 
m ate ria l.
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I t  will be seen tb a t  up to  a po in t th e  frac tu re  
is an -adequate guide. I t  shows the  m ain pro
perties of th e  m ateria l. The chemical analysis 
alone is no guide to  th e  frac tu re . Given any 
pa rticu la r analysis, i t  would tak e  a very bold m an 
to  s ta te  th e  frac tu re . The frac tu re  shows imme
d iately  th e  size of th e  g raph ite  p lates which have 
such an im p o rtan t effect on th e  physical pro
perties, b u t th e  chemical analysis gives no clue 
w hatever to  th is.

How can analysis reconcile the  difference 
between two sim ilar frac tu res  of close cylinder 
iron from  tw o different p lants, one w ith 3.2 per 
cent, to ta l carbon and  th e  o ther w ith 2.9 per 
cent. P This is bound up in  th e  question of 
m anufactu re , and each blast-furnace p lan t, under 
its  own individual conditions, despite the  sim i
la r ity  of ores used, etc., produces a d istinctly  
d ifferent product.

Y et, as has been seen, th e  fra c tu re  gives no 
real clue to  th e  m icro-structure . The fundam ental 
difference between 1.4 and 4.G per cent, is enor
mous, and ye t th e  tw o frac tu res on view are 
indistinguishable. The “  frac tu re  d iviner ”  is 
here a t  an ti t te r  loss, as is likewise the  chemical 
analysis by itself. W hence lies the  difference? I t  
is solely in  the  differing operation of th e  blast 
fu rnace  itself.

The analysis gives th e  final key to  th is struc tu re . 
The analysis, per se, is useless; i t  m ust be tra n s 
lated  in to  th e  term s of th e  s tru c tu ra l analysis. 
F rom  th e  foundrym an’s po in t of view the  analysis 
is im p o rtan t, b u t i t  is only of real service if he 
knows th e  analysis of th e  scrap used and the 
required  analysis of th e  finished casting.

The s tru c tu re  of a cylinder iron produced in a 
slowly-driven fu rnace  is much more uniform , and 
a more even and regu la r d is tribu tion  of the  micro- 
constituen ts is found. The d is tribu tion  of the 
m icro-constituents, a p a r t altogether from the ir 
incidence, plays a very v ita l p a r t  in th e  physical 
uroperties of th e  finished casting. In  practice, 
for some inexplicable reason, such iron mixes more 
readily  and  easily w ith  th e  o ther proportions of 
the  cupola charge, and produces a stronger iron.

The v ita l factors in the fixing of a specification 
are—the  ty p e  of iron  desired and the  lim its to
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which the m an u fac tu re r can reasonably keep in 
supplying th e  iron consistently.

A close specification is possible for sm all am ounts 
of m ate ria l for special work, b u t w here consistent 
supplies are  dem anded, i t  proves very aw kw ard to  
g e t such supplies consistently . The term s of a 
specification should n o t be too  rig id ly  fixed. On 
one occasion i t  m ay be possible to  m eet i t ,  bu t 
on ano ther no m ate ria l m ay be available.

W h at are  the  possible perm u ta tions and  com
b inations am ongst frac tu re , to ta l carbon, com
bined carbon, silicon, m anganese, and phosphorus? 
P ig-iron is n o t like steel, where th e  opera tion  is 
under excellent control. Each one canno t be 
s tric tly  specified to  sm all lim its.

The silicon lim its usually  worked to  a re  w ith  a 
0.5 p er cen t, allowance, say from  1.5 to  2.0 per 
c e n t.;  2.0 to  2.5 p er c e n t.; 2.5 to  3.0 per cent., 
and  so on. I t  is only in  very special work th a t  
any closer lim its are  any use to  the  foundrym an. 
H is own scrap  m ust indeed be above any 
suspicion if a closer specification is to  be of any 
benefit a t  all.

An im portan t' fac to r in th e  supplying of pig-iron 
to  analysis is th e  sam pling. Special steps are 
tak en  a t  th e  Goldendale fu rnaces to  en su re  the 
g rea test possible hom ogeneity th ro u g h o u t each cast, 
b u t i t  m ust be rem em bered th a t' th e  p ig-iron from 
a  b las t fu rn ace  is liab le  to  sligh t va ria tio n s in 
composition. Three pigs a re  sam pled for d rilling— 
one from  th e  comm encement of th e  cast, one from 
th e  m iddle, and one from  th e  end, and th e  average 
of these is th e  average analysis of th e  cast.

Some s ta n d a rd  m ethod of d rilling  th e  sample 
pigs is desirable. S ligh t varia tio n s occur over the  
surface of th e  pig, p a rticu la rly  w ith  regard  to  
th e  combined carbon and  th e  su lphur. A fa ir  
way is to  d rill th e  pigs th rough  from  bottom  to  
top , om itting , of course, th e  sk in  by a previous 
skim m ing and re jec tion  of th e  d rillings. The skin 
of a p ig  is invariab ly  h igh  in  su lphur, and if 
included is liable to  upset th e  estim ation  of 
su lphu r and  silicon.

W ith  regard  to  th e  v a ria tio n s  in  analysis 
obtained  between one chem ist’s de te rm in a tio n  and 
an o th e r’s, these can, in th e  m a jo rity  of instances, 
be traced  to  varia tio n s in  th e  m ethpd of sam pling.
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On a given sam ple the  resu lts do not, as a rule, 
vary  appreciably. V ary ing  m ethods of analysis do 
occasionally cause dissension. S tan d ard  methods 
of d rillin g  fo r sam pling and analysis a re  urgently  
required , and a  very useful purpose would be 
fulfilled if these could be se ttled . One of th e  
technical bodies now ex is ting  could serve a very 
definitely useful purpose by so doing.

W hen o rdering  p ig -iron“ i t  saves much trouble 
if  th e  question of th e  specification is th rashed  o u t 
beforehand. I n  th e  first place, an open discussion 
as to  requirem ents will clear th e  a ir  and enable 
th e  definite requirem ent» of th e  foundry to  be 
form ulated .

D ifferent foundries a ttach  qu ite  special im port
ance to  portions of th e  specification, which others 
alm ost ignore. I f  such points are cleared up it  
saves expense. F o r instance, i t  is quite  absurd 
to  specify combined carbon which cannot fit in 
w ith  th e  f ra c tu re  desired. Y et such occurrences 
do happen . A fran k  discussion w ith th e  supplier 
always repays itself, p articu la rly  w ith regard  to 
th e  f ra c tu re  desired.

The suppliers a re  always open to  giving the 
correct m ate ria l desired, and a re  anxious to  avoid 
th a t  alm ost, in  p ractice, w ater-tigh t division 
betw een th e  blast furnace and th e  foundry. No 
specification is universal, and i t  is apparen tly , as 
yet, hopeless to  fix one. R equirem ents differ very 
much.

In  conclusion, i t  is hoped th a t  these few notes 
have given some idea of the  com plexities con
fro n tin g  those engaged in  th e  supply of pig-iron 
to  specification of frac tu re  and  analysis, and the 
w riter would p lead for a g rea te r co-operation 
between supplier and  user in  th e  m any problems 
and details which arise.

DISCUSSION.
Mb. J .  S h a w  (Sheffield) said  th a t  while he had 

always held th e  view th a t  th e  o rd inary  analvsis 
was no t always a  key to  th e  physical properties 
of th e  iron, he m ust p ro test against th e  m isleading 
sta tem en ts of th e  au thor, while quoting one 
(silicon) con stitu en t only. A glance a t  th e  con
te n t  of th e  open and* w hite samples gave an 
im m ediate explanation . To com pare irons which in
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one case contained T.C. 3.68, Mn 2.11 and S 
0.046 p er cent., w ith  ano ther th a t  contained 
T.iO. 2.49, M n 0.37 and  S 0.32 per cen t, simply 
becanse the  Si was roughly 2.13 p e r cen t, in  each 
case w as fu tile . The re la tion  of th e  Mil to  the 
S was qu ite  as v ita l as silicon on th e ir  effect on 
th e  s tru c tu re . The question of F eS  had been 
m entioned in  th e  P ap e r la te r  on, an d  he (the 
speaker) would be pleased to  lea rn  if th e  au tho r 
had  ever identified FeS  in cas t iron e/ven when 
th e  iS was in  excess of th e  Mn. This had been 
done in  steel, b u t so fa r  he (M r. Shaw ) had 
m et no one who had  seen i t  in  o rd inary  grey iron. 
H e was q u ite  in agreem ent th a t  some s tan d a rd  
method of sam pling should be devised, b u t w hat 
w as of much m ore im portance to  th e  ironfounder 
was th a t  th e  fum acem an  should keep his casts 

.separa te  and n o t fill an  order from  two o r th ree  
casts. [Recently fou r pigs were ta k e n  from  a
wagon and  a ce rta in  m ix tu re  for some experi
m en ta l work based on th e  figures ob tained . On 
com pletion i t  was found th a t  th e  M n was ju s t 
double th a t  obtained from  th e  fou r p igs sampled 
and th e  whole of th e  w ork w as w asted. H e  had
n o t been alongside a  b last fu rn ace  for 15 years
w ithou t some knowledge of th e  difficulties of th e  
b last fu rnace  m anager, and he th o u g h t if he would 
subm it separa te  casts th a t  did n o t qu ite  m eet the  
specification, m ost foundrym en would be w illing 
to consider them  and help  him . M ixed casts could 
only lead to  loss of custom .

M r . H . F ie l d  said th e re  were tw o 'points in  th e  
P ap er which called for a tten tio n . One had  re fe r
ence to  th e  vary ing  con ten t of m anganese in  the 
so-called high-m anganese p ig-iron. H e gathered  
th a t  th e  N o rth  S taffordsh ire  p ig-irons—and he 
re fe rred  to  these in  th e  general sense—were in 
dem and p a rticu la rly  because of th e ir  h igh m an
ganese con ten t. To th e  M id land  ironfounders 
they  were o ften  exceedingly useful, b u t only in 
so fa r  as th e ir  h igh  m anganese con ten t was m ain 
ta ined , and he voiced th e  com plain t, therefo re , to  
th e  m akers of these h igh-m anganese irons, th a t  
th e  m anganese co n ten t was m ost unreliable. 
D uring  th e  la s t five o r six  years he had  been all 
round  th e  N o rth  S taffordshire furnaces in  an 
endeavour to  ob tain  a b u n d an t supplies of m an
ganese irons con ta in ing  always over 1.5 per cent.,
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and  o ften  over 2 per cent, m anganese— according 
to  th e  m akers. F o r his own purposes he had  p re
pared  a  g raph  showing th e  varia tions in pig-iron, 
and in th e  p resen t year th e  m anganese content 
had varied  from  0.6 to  2.9 per cent, in th e  "North 
S taffordshire high-m anganese pig-iron. I t  m ust 
be m ore reliab le  if i t  were to  re ta in  its  re p u ta 
tion . D ealing  w ith  physical properties, he asked 
M r. Y ates w hether he really  had  evidence th a t  
when tw o irons, of sim ilar analysis brut of different 
fra c tu re , w ere cupola m elted, th ey  possessed 
d ifferen t physical p roperties. W as th e  s tru c tu re  
of iron m ain ta ined  w ith equal conditions in  th e  
cupola ?

M e . Co i i n  G e e s t y  (Newcastle) said he had  found 
difficulty in  u nders tand ing  th e  contrad ictory  s ta te 
m ents in  th e  P ap e r w ith  regard  to  analysis and 
frac tu re . F ir s t  i t  appeared  to  be th e  au th o r’s 
view th a t  fra c tu re  and analysis m ust go together, 
b u t la te r  he suggested th a t  one of these was 
useless. It ' was difficult to  know exactly w hat was 
m eant, b u t i t  appeared  to  him  th a t  the  au tho r had 
m ade ou t a very good case for analysis only, and 
had proved th a t  frac tu re  did no t m atte r . How
ever, he asked for more d irec t evidence on the 
p o in t The question was w rapped up w ith th a t  of 
w hether th e re  was any difference in th e  properties 
when re-m elted of tw o irons of th e  same analysis 
b u t d ifferent frac tu re . H e himself had  never 
discovered any difference, and a t  th e  works where 
he was engaged they  had  never, du rin g  th e  last 
fifteen years, to  his knowledge, paid  a tten tio n  to  
th e  f ra c tu re  of any pig-iron, h u t had  worked 
en tire ly  to  analysis. Consequently, he did not 
th in k  th e re  was a g re a t deal in  frac tu re . To the 
b last fu rnace  m anager or b last fu rnace chemist, 
who knew th e  conditions of the  furnace, the  
fra c tu re  m igh t be a guide in  m anufactu re , h u t it  
appeared to  he of litt le  im portance to  th e  user. 
A sta tem en t m ade by Mr. Yates, in th e  Paper, 
th a t  th e  size of g raph ite  flakes hears a very close 
relationsh ip  to  both th e  to ta l carbon and combined 
carbon, irrespective of th e  o ther constituents, 
appeared to  be som ewhat ambiguous. H e asked, 
therefore , for a definite sta tem en t as to th a t 
re la tionsh ip , and w hether i t  was really  irrespective 
of the  o ther constituen ts, because in  o ther p a rts
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of th e  P ap e r i t  would appear th a t  silicon was the  
v ita l constituen t.

Mb. F .  J .  C o ok  (P as t-P residen t) disagreed w ith 
M r. G resty ’s p o in t th a t  i t  was sufficient to  work 
to  analysis alone, an d  said  he th o u g h t th a t  H a il
stone and him self had  broken th a t  idea down 
some years ago, w hen they  ob tained  irons, th e  
chemical analyses of which w ere so n ea r as to  be 
alm ost unbelievable, th e  physical p roperties of 
th e  castings produced varied  widely. T herefore, 
they concluded th a t  th e re  m ust be some relation  
between fra c tu re  and  analysis, and  he considered 
i t  dangerous to  suggest th a t  sa tisfac to ry  resu lts 
could be ob ta ined  by w orking to  analysis alone. 
If , for instance, he w ere given an  iron  w ith  an 
analysis which he considered to  be sa tisfactory , 
bu t on exam ination  of th e  f ra c tu re  he found it  
was w hite iron, whereas he w anted  a  th in  grey- 
iron casting , he would n o t accept it.

M e . W . J o l l e y  cong ra tu la ted  th e  au th o r upon 
having  con tribu ted  th e  P aper, and assured him 
th a t  th e re  was no need to  be despondent as the  
resu lt of th e  adverse criticism s m ade. I t  was 
fa r  b e tte r  to  do som ething which aroused criticism  
th a n  to  do no th ing  a t  a l l ; indeed, i t  h ad  been 
said th a t  th e  m an  who never did  any th in g  wrong 
never did any th ing  a t  all. H e believed th a t  the  
best m ethod of te s tin g  p ig-iron  was to  analyse it, 
and  th en  to  follow up th e  daily  casts by using 
th e  K eep m ethod. F ra c tu re  also m ust be taken  
in to  consideration  ; otherw ise one would sometimes 
produce castings which, though  in  every way 
correct according to  analysis, would fa il physically.

Mb . N . D. R l d s d a l e  (M iddlesbrough) supported  
th e  a u th o r’s rem arks as to  th e  necessity for a 
s tan d a rd  m ethod of sam pling  p ig-iron, and  con
sidered th a t' th a t  was even m ore im p o rtan t th an  
a s ta n d a rd  m ethod of analysis. A reasonably 
accura te  m ethod of sam pling was to  d rill from  the  
tc^> to  th e  bottom  a t  a p o in t m idw ay betw een th e  
cen tre  and outside of th e  inverted  pig. One 
m ethod, which was n o t too  tedious, was to  place 
a  broken piece of p ig-iron 6 or 8 in. long in  a 
la th e , w here i t  was held by a chuck, and  to  tak e  
side shaving's r ig h t across th e  section w ith  a side 
shaving tool. T he frac tu red  face m ust first be 
sawed off level, and th en  a com plete slice could be
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tu rn ed  off th e  pig and th e  tu rn in g s  carefully 
collected while i t  was revolving in  th e  la the . This 
m ethod was m uch more practicable th a n  the 
o rd inary  m ethod of p laning. As to th e  alleged 
p rac tice  of some pig-iron m akers, of m ixing 
unsu itab le  m ateria l w ith casts of suitable m ateria l, 
in  o rder to  work off some of th e  form er, he agreed 
th a t  such a p rac tice  was very mischievous, inas
m uch as chem ists could seldom sample a large 
num ber of pigs from  each batch.

M e. E. L o n g d e n  agreed th a t  i t  was necessary to  
consider both analysis and frac tu re . In  illu s tra 
tion  of th is  he referred  to  a heavy casting  in 
No. 4 D erbyshire iron, the  boss of which was 
alm ost unm achinable, whereas th e  rim  could be 
m achined fa irly  easily. The analysis had  con
veyed n o th ing  in  th a t  case. H e also expressed the 
view th a t  th e  orthodox analysis was no t sufficient, 
and  th a t  i t  should be extended to  include the 
gases p resen t in  th e  m etal.

M e. A. L o g a n  said th e re  was doubt in  his mind 
w ith  regard  to  th e  p a rticu la r pig-irons which 
were referred  to  as being on view in the E xhib i
tion , an d  which both contained silicon in  the 
neighbourhood of 2 per cent. One was a  white 
iron  and one an open iron  as M r. Shaw had sta ted . 
The analyses of these showed th a t  one contained 
high su lphu r and  low to ta l carbon, and the  o ther 
con tained  low su lphur and  h igh to ta l  carbon. 
T hen he him self believed th a t  th a t  was the  
explanation  as to  why one was w hite and  the 
o ther open; the  whole th in g  was explained by 
analysis en tire ly , in  which case the  paper was 
really  very misleading. I t  appeared completely 
to  make o u t a  case for analysis only. H e con
firmed M r. G resty’s rem arks w ith regard  to  work
ing to  analysis only, and was of opinion th a t  pig- 
iron frac tu res  were im m ateria l. H e took excep
tio n  to  th e  parag raph  which s ta ted  th a t  “ The 
frac tu re  is a guide to  th e  in te rn a l s tru c tu re  of 
the m etal, which is, a f te r  all, th e  m ain considera
tion  in  the  finished casting . R e-m elting an iron 
does n o t destroy its in itia l s tru c tu re , though^ it  
may be modified due to  vary ing  cooling ra te s .” 

M r. J . E . F l e t c h e r , re fe rrin g  to  th e  au th o r’s 
question as to  w hat were th e  possible perm utation  
and  com binations am ongst frac tu re , to ta l carbon,
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combined carbon, silicon, m anganese and phos
phorus, said th a t  a  consideration  of th e  points 
m entioned in  th a t  question lay a t  the  roo t of w hat 
had been a ttem p ted  to  be said th a t  m orning w ith 
respect to  th e  influence of e ith e r one or two 
special constituen ts in  oast iron. Though we 
were g e ttin g  n earer to  the  t r u th  gradually , we 
should realise even now th a t  we knew very li tt le  
indeed as to  th e  resu lts of these com binations and 
perm u ta tions. T h a t was one of th e  d irections in 
which any  research  association or scientific body 
had  to work in  connection w ith  ca s t iron. We 
had  no t yet reached the p o in t a t  which we could 
say th a t  th e  m anganese-sulphur relationsh ips 
were the  m ost v ita l, o r th a t  th e  silicon, to ta l 
carbon and g rap h ite  were th e  most reliable indices 
as to  w hat an iron  rea lly  was. The s ta tem en t 
th a t  frac tu re  had  no th ing  to  do w ith th e  u ltim ate  
resu lts in  th e  casting  could no t, he believed, he 
verified. There were those who used portions of 
w hite iron  in  th e ir  m ix tures, g iv ing  ce rta in  
resu lts  which were no t obtained unless th a t  w hite 
iron  were used. Such points as th a t  had n o t yet 
been solved in  any sa tisfac to ry  sense, and  ye t we 
could, a f te r  a  ce rta in  am ount of experience, 
choose our m ix tures by chemical analysis and 
fra c tu re  and  ob tain  resu lts  in  accord w ith  w hat 
we m igh t expect. B u t unless, u nder such circum 
stances, we took care to  exam ine th e  f ra c tu re  of 
ce rta in  ing red ien ts p u t in to  o u r cupola charges, 
troub le m igh t occur, and he d id  n o t th in k  we 
could depend en tire ly  upon  chem ical analysis. 
H e th an k ed  M r. Y ates fo r hav ing  b rough t th is  
subject fo rw ard ; i t  was- one which came forw ard 
alm ost every year in  one w ay o r ano ther, and 
m any  foundrym en, especially those engaged in 
m aking  th e  s tronger types of iron, were finding 
already th a t  analysis alone did n o t provide a 
sufficient safeguard . H e had  found, in  th e  course 
of m any years’ work, th a t  th e  s tru c tu ra l com- 
nosition of a  cast iron , when worked o u t, would 
give some very  useful in fo rm ation , b u t som ething 
more was necessary. In  add ition  to  th e  points 
already m entioned as influencing cast iron , there  
were questions such as tem p e ra tu re  of fusion and 
m elting, mass effect, casting  conditions, and the  
condition  of th e  m ould ; those w ere qu ite  sufficient 
to  m ake one wonder which of them  was th e  most
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v ita l in  co-relation w ith  th e  chemical and micro- 
graph ica l analyses as determ ining th e  desired 
properties of a cast iron.

AUTHOR’S REPLY.

M r. Y atf.s replied  to  the discussion. D ealing 
w ith M r. Shaw ’s rem arks as to individual cast 
analyses, he said th a t  every hundredw eight of 
p ig-iron th a t  was sen t out, so fa r  as he had  any
th in g  to  do w ith  it, was supplied o u t of one 
ind iv idual cast. I f  th e re  were two individual 
casts in a consignm ent, th e  analyses of both were 
provided1, and  no pigs o u t of one cast could pos
sibly ge t in to  ano ther cast except by th e  m erest 
accident. Each cast was stacked individually, 
an d  th a t  m ean t considerable trouble for th e  pig- 
iron  producer. One po in t he had  noticed with 
reg ard  to  m anganese sulphide was th a t  i t  would 
m ost pers isten tly  segregate to  th e  to p  of an iron, 
w hereas iron sulph ide did no t show any such 
tendency.

M r. S h a w  asked how he knew th a t  i t  was iron 
sulphide.

M r. Y a te s  replied th a t  he appreciated  w hat 
M r. Shaw was g e ttin g  a t, b u t m ust re fe r him  to 
th e  papers on the  subject. I t  was too much for 
any  one m an to  go in to  all these points, and we 
m ust tak e  so much for g ran ted  from other 
people’s experiences.

R eplying to  M r. .Field, he said th a t  the  high 
m anganese co n ten t was a  characteristic  of the 
N orth  S taffordshire iron, b u t the  varia tion  from
0.6 to 2.9 per cent, was a very wide one, and he 
would like to  know why M r. F ie ld  expesiences 
such a wide varia tion . In  blast-furnace practice, 
w hilst one could no t control the  m anganese con
te n t  w ith in  small lim its, one could control i t  
w ithin lim its closer th an  those mentioned, and if 
M r. F ield  cared to  p u t forw ard a specification 
of lim its which a  b last fu rnace could work to  w ith 
th a t  p a rticu la r product, no doubt he would find 
th a t  he would get th e  m aterial he w anted.

W ith  regard  to the d ifferent physical pro
perties of irons w ith  different fractures, on re
m elting, he said th a t  iron was supplied both to 
analysis and frac tu re , and in a good many cases 
even to-day i t  was supplied to  frac tu re  alone; 
the users did n o t seem to  bother about analysis
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so long as th e  f ra c tu re  was given. H e would be 
glad  to  m eet M r. G resty a t  some tim e when he 
wras buying p ig-iron, because i t  was very much 
easier fo r p ig-iron producers to  supply to  analysis 
only th a n  to  supply to  analysis and  frac tu re .

The P r e s id e n t  asked if both analysis and  frac
tu re  were specified in  any case.

M r. Y a t e s  replied  th a t  analysis and  frac tu re  
were specified in  5 0 .p e r cent, of th e  cases. The 
various frac tu res  were shown on th e  stan d , and 
they  rep resen ted  th e  o rd inary  shades to  which the 
iron was graded. Some buyers asked for one 
p a rticu la r frac tu re , some would give th e  a lte rn a 
tiv e  of one o r two, w hilst some asked th a t  th e  
iron  should n o t he too close o r  too open. The 
frac tu re  was im p o rtan t in  50 per cent, of the 
cases, and  if th e  fra c tu re  w ere n o t of th e  type 
usually  received the  producers usually  h ea rd  about 
i t  very  quickly.

R eplying to  M r. G resty’s question as to- the 
re la tio n sh ip  o f th e  g rap h ite  flakes to  th e  to ta l 
carbon and  combined carbon, he said  th a t  the  
size of th e  g ra p h ite  flakes m ade a  d is tin c t differ
ence in  th e  o rd in ary  w ay between th e  frac tu re  
of a  No. 1 Cleveland and th e  o rd in a ry  No. 4, 
and  i t  was well known th a t  th e  combined carbon 
rose progressively from  the  m ore open to  the  
closer frac tu re . Inc iden ta lly , th e  to ta l carbon
fell. The frac tu res  shown on th e  C ast Iron  
R esearch A ssociation’s stan d  illu s tra ted  th e  po in t 
w ith  reg a rd  to- to ta l carbon, although th e  com
bined carbons w ere n o t given.

In  reply to  M r. R idsdale, he said th a t  w hat was 
w antqd more th an  any  rig id  scientific m ethod of 
sam pling was a m ethod which could be applied 
conveniently  in  works to  give consisten t samples. 
I t  should be possible to  d rill pigs in  th e  same 
way and  get th e  same resu lts  w ith  th e  same 
m ethods of analysis, and  th a t ,  a f te r  all, was w hat 
was w anted  in  th e  foundry  and  b las t-fu rnace 
p lan ts  m ore th a n  any rig id ly  scientific method 
w hich was going to  d iffe ren tia te  betw een pigs the 
silicon con ten ts of w hich varied  w ith in  very 
narrow  lim its. Consistency was th e  th in g  th a t  
m atte red  in p ig-iron, and  if s tan d a rd  m ethods of 
sam pling and analysis could be arrived  a t  i t  
would ease th e  s itu a tio n . Some people, for 
instance, would drill a hole s tra ig h t in to  th e  face
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of th e  pig, some included th e  skin even in  the  
drillings for analysis, and so on, and th a t  sort of 
th in g  caused fric tion  between th e  blast fu rnace 
and  th e  foundry .

W ith  reg ard  to  gases in pig-irons, he said th a t  
from  th e  b las t fu rnace  p o in t of view he could not 
offer much en ligh tenm ent on the  po in t. The 
whole subject of gases in  m etals was very vague, 
and i t  was ju s t  one more of those perm utations 
and com binations m entioned by Mr. F letcher.

In  rep ly  to  M r. Logan, on th e  question of m an
ganese and  sulphur, he said i t  was a well-recog
nised ru le  in  b last-furnace prac tice  th a t  the  h igher 
th e  m anganese which one could ru n  in  th e  burden, 
th e  lower th e  su lphur over th e  whole series of 
frac tu res . I f  one had  trouble  w ith su lphur in  the  
pig, due to  th e  coke used— and b la s tfu rn a c e  coke 
was n o t un iform —th e  trouble could always be 
cured by high m anganese. So f a r  as h is experi
ence w ent, th e  sam e fac to r operated  in  th e  cupola.

M r. L o g a n  sa id  th e  p o in t was w hether the  
difference in  th e  f ra c tu re  of the  w hite iron  and 
th e  open iron was due to  th e  difference in  the 
composition of th e  tw o pigs used.

M r. Yates replied  th a t  i t  was, b u t the  v ita l 
po in t in  th e  production  of all those frac tu res  was 
the  tem p e ra tu re  of operation  of the  furnace, 
which varied  from  tim e  to  tim e. H e agreed th a t  
w hite iro n  w ith  2 per cent, silicon was an  anomaly, 
b u t such anom alies were produced. In  b last fu r
nace w ork one .was dependent upon therm al con
ditions m ore th a n  upon any th ing  else, and i t  was 
th a t  th a t  one had  to  w atch in  g e ttin g  th e  frac
tu re  requ ired .

On th e  question of abnorm al frac tu res , he said 
th a t  f rac tu re  was no guide when the  pig-iron^ had 
been subjected to  abnorm al cooling conditions. 
U nder o rd inary  conditions, however, where the 
same cooling conditions prevailed in the  pig bench 
tim e a f te r  tim e, th e re  were no altera tions in frac
tu re . The conditions in  o rd inary  circum stances 
did vary  slightly , as, for instance, between^ a  wet 
and a d ry  day, b u t on the  whole such variations 
did no t produce any a lte ra tio n s in  th e  frac tu re  of 
the  pig, and  the  properties seemed to  persist in 
the  m etal when re-cast.
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SOM E NOTES ON THE CHEMISTRY OF THE 
CUPOLA. 

B y F. C. Thom pson, D.M et., B .Sc., and M. L. Becker, 
B.M et. (A ssociate M em ber).

The chem istry of th e  reactions involved in 
cupola p rac tice  is a  considerably m ore compli
ca ted  m a tte r  th an  would a t  first s ig h t appear. 
The following short P ap e r is, therefo re , p resented  
more in th e  hope of s tim u la tin g  th o u g h t and  dis
cussion th a n  in  th a t  of adding a very sub s tan tia l 
con tribu tion  to  th e  subject. The d a ta  required  
before th e  m a tte r  can be really  d ea lt w ith as a 
scientific problem is s till largely  lacking, and as a 
sequel to  th is  p re lim inary  review i t  is in tended 
to  carry  o u t experim en ta l w ork to a tte m p t to  fill 
up some, a t  any  ra te , of th e  m ore obvious gaps. 
Since the  design o f any fu rnace  can  be no th ing  
b u t em pirical u n ti l th e  fundam en ta l chemical and 
physical princip les involved are  understood, the  
sub ject is of v ita l im portance to th e  in d u stry , and 
any con tribu tion , however im perfect, m ay hope 
to  add a li tt le  to  th e  general store of knowledge. 
The au thors would a t  the  very s ta r t  im press th e  
fa c t th a t  they  have no wish to  appear dogm atic 
in  a field w here dogm atism  a t th e  p resen t tim e is 
irreconcilable w ith scientific tre a tm e n t, b u t have 
presen ted  a few points in  the  ligh t in  which they 
ap p ear to  them . They feel th a t  i t  is in  the  
in te rests  of th e  in d u stry  to  do th is  even if th e ir  
ideas a re  proved incorrect, as th e  very fa c t th a t  
such proof is adduced will add to  th e  sto re  of fac t 
available fo r fu tu re  workers.

As an  exam ple of the  indefiniteness of alm ost 
every th ing  in  th is field i t  m ay be po in ted  out 
th a t  even the  deta ils of th e  com bustion of carbon 
a re  uncerta in . I t  is generally  held th a t  th is  first 
burns to  carbon dioxide, which la te r, by in te r 
action  w ith  more carbon, is converted  in to  the 
m onoxide. The view is held by some very  em inent 
chem ists, however, th a t  carbon  monoxide is the  
first s tage of th e  reaction , and, so fa r  as the 
cupola itself is concerned, th e  available data, is 
by no m eans conclusive. So fa r  as i t  goes, how
ever, i t  tends to  fall in to  line  m ainly  w ith  the
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older view. R head and W heeler (*) appear to  have 
shown reason to  .believe th a t  both  oxides a re  
form ed sim ultaneously, and  th is  m iddle course 
may well prove to  be th e  correct one. The m a tte r  
is clearly  of first-ra te  im portance, and any ligh t 
th row n on i t  in  th e  discussion will be of the 
g rea te s t value.

As an in troduction  to  th e  subject, i t  has been 
th o u g h t well to  a tte m p t to  draw  up  a therm al 
balance-sheet fo r a typ ica l cupola. I t  is not, of 
course, th e  first tim e  th a t  th is  has been a ttem pted , 
b u t in  so m any cases th e  a tte m p t has been done 
w ith  inadequa te  completeness. Such a balance 
properly  draw n u p  canno t b u t ind icate  th e  lines 
on which fuel m ay be saved and thus afford 
possible suggestions to  designers and others.

The Therm al Balance of the Cupola.

The h e a t developed by th e  combustion of the  
coke can be read ily  calculated  if the  calorific 
power is known together w ith  th e  composition of 
th e  escaping gases.

L e t W  be the  w eight of coke b u rn t per u n it 
tim e.

L e t C .P . be the  calorific power of th e  coke.
L e t 1 /y  be th e  frac tion  of th e  carbon b u rn t to 

CO, and  1-1/y  o r  (y - l) /y  be th e  frac tion  of the  
carbon b u rn t to  C 0 2, th en  th e  h ea t generated  per 
u n it tim e is approx im ate ly : —

V— 0 7
W  x C.P. X i— —  (I)

y
Now th is h ea t is divided in m any ways. In  the 

first place th e re  i s : —
(i) T h a t used in  ra ising  th e  pig-iron to  its 

m elting po in t, m elting  it , and th en  ra is ing  the 
m olten iron to  th e  tap p in g  tem pera tu re .

(ii) The h ea t required  to  raise th e  tem pera tu re  
of th e  escaping gases to  th e  tem p era tu re  a t  which 
they  leave th e  stack .

(iii) H e a t is also expended in  form ing the  slag, 
m elting  i t  and  raising  its tem p e ra tu re  to  th a t  a t 
tap p in g . _

(iv) The h ea t lost by rad ia tio n  from th e  walls 
of th e  cupola.

In  th is  survey we have considered th e  conditions 
du ring  th e  period a fte r  th e  cupola is runn ing  un i
formly, and have n o t considered th e  heat required
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in itia lly  to raise  th e  tem p e ra tu re  of th e  brick
work, nor have we considered th e  bed-coke.

Now, th e re  are  n o t available all th e  d a ta  re 
quired  to  work o u t th is  theo re tica l h e a t balance 
in detail, and we shall have to  be satisfied w ith 
approxim ations in m any cases. These can, how
ever, be p red icted  w ith an accuracy which is suffi
c ien t for th e  p resen t purpose, nam ely, th e  d e te r
m ination  of th e  m ain  sources of w asted  fuel.

L et us now tak e  item s (i) and  (iv) in  tu rn  and 
a tte m p t to  determ ine th e ir  m agnitude.

( N o t e .— The O.G.S. system  will be used for con
venience th roughou t.)

(i) L e t M be th e  w eight of iron m elted per u n it 
tim e.

L e t s be th e  m ean specific h ea t in  th e  solid 
sta te .

L et 1 be the  la te n t h e a t of fusion.
L e t s' be th e  m ean specific hea t in  th e  liquid

sta te .
If  t  is th e  m elting  tem p e ra tu re  and T th a t  of 

tap p in g , th en  th e  h e a t requ ired  for th is  portion  
of th e  work of th e  cupola is : —

M[s X t  +  1 +  s '( T - t ) ]
I t  would appear th a t  the  m ean specific heats in 

both  th e  solid and  th e  liquid s ta te s  a re  n o t fa r  
from  0.15, while th e  la te n t h ea t of cast iron, 
though very unce rta in , may be ta k e n  as of the  
o rder of 30.

T hus (i) becomes equal to  M(0. 15 T +  30).
(ii.). To burn W gms. of coke per sec. of which the 

percentage of ash is a, i.e. a weight of carbon of
W (1° ;00-a)'- requires 4/3 this weight of oxygen if the
combustion is to CO and 8/3 the weight if to C 02. If the 
fraction burnt to CO is 1/y, then the weight of oxygen 

, _. „,(100 — a) 8y —4
needed is W— ----------

The weight of nitrogen introduced with this oxygen is 
, ,  77 „ , (100 - a )  8y — 4then 23 . W 10Q 3y

The weights of CO and CO, formed are respectively, 
(100- a )  W . 7 w  . y —"l 11 . (100- a )

100 y 3 y ’ 3 100
The specific heats a t  c o n stan t volume of these 

gases a re  very nearly  th e  same, and from  room
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tem p era tu re  to , say, 400 deg. C. may, nearly  
enough, be taken  as 0.25. F u rth e r , th ey  vary 
com paratively li tt le  w ith tem pera tu re . I t  may be 
w orth po in ting  o u t th a t  w ate r vapour has a 
specific h ea t about double th is  value.

I f  now t '  he th e  tem p era tu re  of th e  gases as 
they  leave th e  stack, the  h ea t represen ted  by (ii) 
becomes n ea rly : —

W (100 —a) t '  [■,«,„ 5-81
 400 L -  y \

(iii) So fa r  as th e  slag is concerned, the re  are 
no very reliable figures for th e  h ea t of form ation 
and  th e  la te n t h ea t of fusion. I t  is probably 
sufficient to  assum e th a t ,  tak in g  th e  h ea t of 
fo rm ation  and the  la te n t hea t together, th e re  will 
be an  evolution of about 50 calories per gram  o! 
slag form ed. This figure may be arrived  a t  in 
tw o ways. A kerm an (a) obtained for the  to ta l hea t 
of fusion of slags of th e  n a tu re  of cupola slags 
th e  value of approxim ately  370 cals. There is not 
much doubt th a t  the  specific h ea t is of th e  order 
of 0.3. A t (a  tem p era tu re  of around 1,400 deg. C. 
th e re  w ill be some 420 cals. needed, and the  
difference of th is figure and th e  370 represents 
the  n e t h ea t evolution due to  th e  combined form a
tio n  and fusion. A calculation m ade by M r. E . O. 
Jones, A .R .S .M ., has also yielded an almost 
iden tical figure.

I f  b u rn t lim e be used we shall no t then  he 
fa r  from  th e  t r u th  in p u ttin g  item  (iii) a t :  — 

m(0.3T — 50), where m is the  w eight of slag 
formed.

The production  of b u rn t lime from  the  limestone 
charged involves a c e rta in  absorption of heat. 
The value of th is  is : — 

m' x 451 cals. per g ram , where m ' is th e  weight 
of lim estone charged.

The to ta l value of (iii) thus becom es: — 
m(0.3T— 50) +  m ' X 451 

T he rad ia tio n  loss and certa in  o ther small items 
m ust now be considered. The la t te r  involve such 
m atte rs  as th e  dehydration  of th e  charge, the 
w ater-gas reaction  from  th e  steam  so generated 
and th a t  in  th e  blast, th e  cooling due to  th e  ex
pansion of th e  b las t as i t  en ters th rough  the  
tuyeres and loss of pressure.



160

B oth theore tica lly  and  experim entally  i t  may 
be shown th a t  in a well-lagged cupola th e  ra d ia 
tion  loss is negligible, being certa in ly  less th an  
1 p er cent, of th e  h e a t genera ted  by th e  coke, and 
probably very m uch less. The theore tica l t r e a t
m ent need hard ly  be given here, b u t as an  experi
m ental verification of the  fac t, th e  figures may 
be cited  of Piw ow arsky and Broglio. (3) F or th e ir  
s tan d a rd  cupola th e  rad ia tio n  and conduction loss 
was 10.4 lbs. of coke per hour com pared w ith  a 
to ta l consum ption of 2,150 lbs. p er hour, i.e., 
abou t one half pea* cent. I t  is clear th a t  th is  
source of loss is p ractically  negligible. The w ater 
p resen t is difficult to  deal w ith , and in  all proba
bility  is n o t im portan t, though  th e re  can be little  
doubt th a t  th e  d ryer and h o tte r  th e  a ir  th e  be tte r. 
Even slig h t increases in  b last tem p e ra tu re  may 
be expected to  resu lt in  appreciable economies. 
The cooling of th e  b las t on en try  in to  th e  furnace 
for th e  pressures used in cupola p rac tice  can be 
neglected.

W e have th u s  eva lua ted  th e  various factors of 
a physical n a tu re  which opera te  in  th e  cupola, 
b u t 'there  is one source of h e a t which we have 
neglected, nam ely, th a t  due to  th e  o x ida tion  of 
iron and  of th e  constituen ts in  th e  pig. F o r each 
gram  of silicon oxidised th e re  is a h e a t evolution 
of 6,400 cals., of iron (to FeO) 1,170, and of m an
ganese 1,650 cals.

L e t p, q and  r  be th e  percen tages of these 
elem ents respectively which are  oxidised, then  the 
hea t evolved will b e : —

M(6,400p +  t,;650r +  l,170q)
100

Suppose p to  be 0.25, r  0.1, and q 1, th e n  th is  
becomes M(16 +  1.65 +  11.7), i.e., nearly  30 M.

W e a re  th e re fo re  le f t  w ith  th e  .relationship : —

W . C . P . ^ ~  =  M (0.15T +  30) +  a) ' V '

£ 12.6 -  y j  +  m (0 .3T - 50) +  451 m ' -  30 M (A)

Now m ' will be about 0.9 m.
And m normally about 0.04 M.
The O.P. of a  typ ica l coke m ay be taken  as

7,000 cals., and a as around  121 p e r  cent.
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As a check, and  thus to  determ ine w hether the  
values for th e  various therm al constan ts chosen 
are  reliable, th e  re su lt may be used to  determ ine 
th e  m elting  ra t io  for a typ ical case. T hat chosen 
is for a  composition of escaping gases contain ing 
equal volumes of th e  two oxides of carbon and 
a  tem p e ra tu re  of about 425 deg. C. W ith  
o therw ise th e  sam e m eanings and values for th e  
factors as before, th e  ra tio  of th e  w eight of m etal 
tap p ed  a t  1,425 0 . to  th a t  of th e  coke w ith 121 
per cen t, of ash used is 15.4. This is clearly a 
reasonable figure, and indicates th a t  th e  constants 
adopted  a re  n ear to  th e  tru th , sufficiently so a t 
any ra te  for th e  qualitive use of the  equation  for 
de term in ing  th e  re la tiv e  effect of each p a r t  of the  
process. Inc iden ta lly  equation  A is also useful 
as g iv ing  th e  theore tica l lim it to  which coke 
economy could be pushed in  th e  ideal case where 
th e  escaping gases were a t  the  same tem pera tu re  
as th e  foundry  and contained no carbon monoxide 
a t  all. In  th is  lim iting  case, which, of course, 
can never be expected in  p ractice, i t  would be 
possible to  m elt a ton  of iron and ta p  i t  a t  1,425 
deg. C. w ith a coke consum ption of only ju s t over 
tw o-th irds of a  cwx.

To illu s tra te  th e  effects of th e  completeness of 
th e  combustion of th e  carbon, th e  tem pera tu re  of 
th e  escaping gases and th e  tap p in g  tem pera tu re . 
F igs. I , I I  and I I I  have been plo tted . They are 
self-explanatory  and need no elaboration.

I t  is now possible, m aking th e  same assumption 
as before—i.e.,  tap p in g  tem p era tu re  of 1,425 deg. 
C., tem p era tu re  of th e  gases 425 deg. C., and 
C 0 / 0 0 2 r a t io = l—to  ge t an  idea of th e  relative 
am ounts of h e a t used for th e  different purposes, as 
shown in  th e  following ta b le : —
F or hea tin g  and m elting  th e  m etal 52.6 per cent.
F or heating  and  m elting  the  slag 6.8 per cent.
Lost in  gases   47.1 per cent.
Lost by rad ia tio n , etc.   0.3 per cent.
G ain by ox idation  of iron, etc. ... 6.8 per cent.

Of th e  h ea t required  fo r  th e  slag about one- 
half is used to  b u rn  the  limestone.

The rea l efficiency of th e  cupola as an iron 
m elting  ap p a ra tu s  may be m easured by the  ra tio  
of th e  h ea t in th e  m olten iron  to  th a t  absorbed 
as a whole. The figures ju s t given show th a t  the

G



efficiency on th e  basis of th e  h ea t from  th e  coke 
b u rn t is 52.6 per cent. On th a t  of all the h ea t 
provided, however, both from th e  coke and  from

F i g . 1 .

T h eoretica l efficiency o f  cu p ola  p lo tted  a g a in s t  th e  
p ercen tage o f carbon  b urnt to  CO? for various tem 
p eratu res ' ( i ') of esca p in g  g a ses  a n d  for a  con stan t  
ta p p in g  tem p eratu re  o f 1,425 d eg . C.

th e  exotherm ic reactions th is  is reduced to  about 
49.1 per cent.

Now cleairly th e  only possible sources of economy 
lie in  th e  h e a t ac tua l or p o ten tia l lost in the  
gases, about one-half of all th e  h ea t which could



be generated  by th e  coke, and th e  sligh t gain  by 
th e  use of b u rn t lime. W e may now proceed to 
discuss w hat appears to  be possible in  these direc
tions.

R a tio  ■¡rjy (by Vol.) in escap ing  f e s e s

F i g . 2 .
Therm al efficiency o f cupola  p lo tted  a g a in s t  th e

ratio  —  (by vol.) in  th e  esca p in g  gases for various

tem p eratu res ( f )  o f th e  la tter  an d  for a con stant  
ta p p in g  tem p eratu re o f  1,425 d eg . C.

Reactions with Carbon.
I t  has a lready been pointed  o u t th a t  the course 

of th e  reaction  between carbon and oxygen a t 
high tem pera tu res  is fa r  from  certa in , and the  
most probable effect is th a t  both oxides of carbon 
are  formed. T ha t C 0 3 is th e  m ain product a t

g 2
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first is generally  supposed and  is in agreem ent, 
for instance, w ith  the  analysis of th e  gases re
corded by Piw ow arsky and B roglio tak en  a t  the  
tuyere  level. These gases consisted of : —

C 02 CO 0 2
15% ■ 0.5% 7%

This reaction  is highly exotherm ic, and  is fol
lowed by a  fu r th e r  reac tion  betw een th e  carbon 
dioxide and th e  h o t coke, in  w hich carbon 
monoxide is th e  p roduct. This absorbs a g rea t 
deal of h ea t and ten d s to  set a  lim it to  th e  h o ttest 
zone of com bustion. T here is evidence, however, 
th a t  th e  reversion to  carbon m onoxide may not 
be so com plete as is o ften  ipiagined.
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The gases as they  leave th e  zone of combustion 
pass in to  th e  cooler portions of the furnace and 
in  con tac t w ith th e  relatively  cool charge give up 
a  po rtion  of th e ir  heat. Now, when in  equili
brium , a m ix tu re  of carbon monoxide and dioxide 
tends, as th e  tem p era tu re  falls, to  change its  com
position so th a t  a  definite am ount of each gas 
is p resen t a t  a  definite tem pera tu re . This would 
ten d  to  cause in  th e  s tack  a g radual d isappear
ance of carbon monoxide and its  conversion into 
th e  dioxide. I t  is t r u e  th a t  under the  conditions 
which o b ta in  in  th e  cupola where th e  ascending 
gas stream  is moving w ith  a high velocity, equi
librium  canno t be a tta in ed , b u t there  will be the 
tendency for th is to  happen. The resu lt will be 
th a t  if AB of F ig . 4 represen ts the  equilibrium  
con ten t of carbon dioxide a t  th e  various tem pera
tu re  zones of th e  cupola, tak in g  in to  consideration 
th e  n itrogen  p resen t, th e  ac tua l am ount of th is 
gas AD will lag behind, or, in  o ther words, the  
composition of th e  gases will be th a t  charac te r
istic of a tem p e ra tu re  h igher th a n  th a t  which 
actually  obtains a t  th e  p a rticu la r level.

Now, two th ings may cause th e  gas m ix ture 
to  approach more nearly  to  th e  equilibrium  con
dition . In  th e  first place ca ta ly tic  agents may 
be p resen t, and i t  is known th a t  iron itself has 
a definite effect in  th is  direction. Secondly, as 
th e  tim e  for which th e  gases a re  enabled to  react 
is increased th e  tendency to  approach th e  equili
brium  com position will also be increased. This is 
effected by reducing th e  speed of th e  gas stream ,
i.e.,  th e  b la s t pressure. This conclusion may bo 
checked, and is valuable as affording a confirma
tio n  of th is  reaction  in  th e  stack. I t  appears to 
be qu ite  -generally agreed th a t  rap id  m elting  is 
incom patible w ith fuel economy. Osann (4), for 
instance, and K orevaar (5) both accept th is  posi
tion . I t  is, of course, tru e  th a t  th e  slower gas 
stream  will have m ore tim e  to  tran sm it its hea t 
to  th e  charge by rad ia tio n  and hence to  leave the 
cupola a t  a lower tem pera tu re , b u t th e  chemical 
effect is also p resen t. I t  may be though t th a t  the  
various published analyses of gases from various 
positions in th e  cupola would avail to  establish 
th e  t r u th  o r otherw ise of these ideas, b u t the  
au thors feel th a t  th ere  is no evidence of any set



of analyses being available which im press them  
as being completely reliable. T he-dep th  of im m er
sion of th e  sam pling tu b e  in to  th e  furnace, changes 
of composition of th e  gases w ith tim e, and so m any 
o th e r fac to rs come, in to  th e  ex p erim en t th a t  con-
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Cjamposihon o i  gases (p e r c e n t hy vol.) .

  E q u ilib r iu m
 E q u i l i b r i u m  n o t  f t d c n e a  ;

F i g . 4 .

Effect of tem p eratu re 011 th e  eq u ilib r iu m  betw een  
carbon a n d  a  m ixtu re o f C O j, CO and  N-s,- re su ltin g  
from  th e com bustion  o f carbon  in a ir  (ca lcu la ted  for  
th e  a tm osph er ic pressure).

siderable precau tions, n o t generally  tak en , are 
required  before sa tisfac to ry  resu lts would be 
obtained.

To rev e rt to  th e  question of th e  ra te  of ascen
sion of th e  gases, n o t too h igh a b las t velocity is 
obviously required , while as an add itiona l assist
ance the area  of the  stack  m ay be en larged  above
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th e  combustion zone. Some cupolas have been 
designed on these lines, and although practical 
points m ay arise which render them  unsatisfactory , 
and  w ith  such we have no in ten tion  of dealing, 
y e t th e  shape is one in accord w ith th e  demands 
of physico-chem ical theory . The more slowly, then , 
th e  gases rise th rough  the  stack, th e  more com
p le te  will be th e  h ea t transference  to  th e  charge 
¿ind th e  lower will be th e  loss due to  th e  escape 
of carbon monoxide.

R ela ted  w ith th is  is th e  question of th e  height 
of th e  stack . Clearly a cupola so sho rt th a t  th e  
gases were s till very ho t a t  th e  charging door 
would be bad both from  th e  po in t of view of the  

•  d irec t heat' th u s  lost and  also from  th e  fac t th a t
th e  conversion of carbon monoxide in to  th e  dioxide 
and carbon does n o t occur to  any m arked ex ten t 
u n ti l a tem p e ra tu re  of about 700 deg. C. is 
reached. The reaction  ceases around 400 deg. C., 
and from  th is p o in t of view th e  cupola should be 
so designed th a t  w ith  norm al w orking th e  gases, 
as they  leave th e  charge, should n o t be a t  a h igher 
tem p era tu re  th a n  th is. The economy which can 
be ob tained  by reducing the  tem p era tu re  still 
fu r th e r  is less th a n  th a t  brought about by the  
previous reduction , since from  now onwards the 
economy can  be only th a t  resu lting  from  a more 
perfect transference  of sensible h ea t to  th e  charge, 
and no fu r th e r saving can  be effected by a  reduc
tion  of th e  carbon monoxide. I f  th e  conclusion be 
accepted, and  w orking from  th e  fundam ental 
assum ption th a t  in  the  stack carbon monoxide is 
g radually  converted in to  th e  dioxide, th e re  is 
little  chance of escaping it, one very definite prac
tica l fact' emerges. F or a  given o u tp u t of iron 
per hour th e  fuel consum ption will be less in a 
large cupola w ith  a low-velocity b last th a n  i t  will 
be in a  sm aller one in which th e  b last pressure 
is h igher. I t  would be of g rea t assistance to  know 
w hether or n o t th is  can be substan tia ted .

P o rte r  (G) agrees w ith these results and states 
th a t , from  th e  po in t of view of economy, “ increased 
h e igh t of cupola has been shown to  re s t upon a 
sound theore tica l basis, while th e  resu lts of p rac
tice ind ica te  th a t  i t  accomplishes th e  results 
desired .” We wish to  stress th e  fa c t th a t  such 
economy is n o t merely the  resu lt of more perfect
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tran sfe rence  of h ea t to  th e  charge, b u t is also 
th a t  of a m ore p erfec t combustion of th e  coke to 
C 0 2. D u rin g  th e  final stages of a blow a fte r 
charg ing  has ceased and th e  effective h e igh t of 
th e  fu rnace  is dim inished, th ere  is n o t only an 
increase of te m p e ra tu re  of th e  escaping gases, bu t 
also an increase in  th e  percen tage of carbon 
monoxide in  these  gases.

Lim e or Lim estone.
I t  has already  been seen th a t  th e  lim estone 

added will, a t  a c e r ta in  tem p era tu re , be converted 
in to  lim e and carbon dioxide, and th a t  th is  reac
tio n  absorbs an  am ount of h ea t which is more or 
less equal to  th e  whole of th e  h e a t otherw ise 
required  fo r th e  fo rm ation  and  h e a tin g  of th e  
slag. The su b s titu tio n  of lim e fo r th e  u n b u rn t 
lim estone would remove th e  necessity  for the  
provision of th is  h ea t, and  lim e h av ing  a lower 
specific h e a t th a n  th e  carbonate , less h ea t would 
be requ ired  for its  h ea tin g  to  th e  tem p era tu re  
of decomposition. T he h e a t absorption , in  th e  
atm osphere which ob tains in  th e  cupola, takes 
place abou t 800 deg. C. and  th u s  produces a 
cooling effect around  th e  very te m p e ra tu re  a t 
which th e  reaction  by which carbon m onoxide 
passes over in to  th e  dioxide w ith  the  deposition 
of carbon ten d s to  ta k e  place. F u rth e r , th e  
evolution of a  re la tively  large volum e of carbon 
dioxide can only have a deleterious effect on th e  
e x te n t to  which th is  la t te r  reac tion  can occur 
The monoxide is a t  a  tem p e ra tu re  a t  w hich i t  is 
ten d in g  to  be changed in p a r t  in to  th e  dioxide, 
and  th e  fu r th e r  th e  CO con ten t of th e  gases is 
from  th e  equ ilib rium  con ten t a t  th e  tem p era tu re , 
the  m ore rap id  would th e  change be expected  to  
be. The d ilu tion  of th e  gases w ith  C 0 2 m ust 
reduce th e  ra te  a t  which th e  la t te r  gas is form ed, 
and as a resu lt cause th e  escaping gases to  be 
richer in  th e  monoxide. I t  th u s  follows th a t  
although a d irec t economy of th e  o rder of ra th e r 
more th a n  2 p er cent, of th e  to ta l coke charged 
would be effected by th e  su b s titu tio n  of lim e for 
limestone, th e re  is also an  in d irec t effect, th e  
degree of which i t  is difficult to  gauge, b u t which 
m ay well be f a r  m ore appreciable, in  th e  b e tte r 
com bustion of th e  fuel to  th e  dioxide. I t  is in 
th e  la t te r  d irection  p a rticu la rly  th a t  rea l economy
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is to  be looked for. In  any case it  appears to  be 
uneconomical to  use expensive foundry  coke to 
burn  lime, which is essentially  w hat is a t the  
p resen t tim e being done.

Since i t  is difficult to  sto re  quicklim e for any 
leng th  of tim e  w ithou t i t  becoming slacked, it  
becomes necessary to  consider th e  effect on the  
fuel economy of th e  cupola of th e  add ition  of th e  
la t te r  form. In  th e  first place, th e  h ea t required 
to  convert th is  in to  quicklim e is, for th e  same 
w eight of lime, only a litt le  more th a n  half th a t  
requ ired  for th e  decomposition of th e  limestone. 
A gainst th is , however, m ust be p u t th e  fac t th a t  
th e  specific h e a t of slacked lime is about 1.8 times 
th a t  of th e  carbonate. N either of these facts, 
however, appears to  be of much im portance, since 
th e  tem p era tu re  a t  which the  dehydration  of 
slacked lim e takes place is about 450 deg. C. This 
is a tem p era tu re  around which th e  reaction 

2CO -* C02 +  C 
essentially  ceases, w ith  the  resu lt th a t  hea t taken  
from  th e  stack  a t  th is  po in t is more or less 
im m ateria l from  th e  po in t of view of efficient 
combustion of th e  fuel. Even slacked lime, then, 
has tw o advantages over limestone. In  the first 
place, as a resu lt of its relatively  low tem pera tu re  
of decomposition, i t  absorbs its hea t outside the 
im p o rtan t tem p era tu re  range, and secondly, it 
does n o t throw  in to  th e  gases a gas which re tards 
th e  form ation of carbon dioxide from  th e  mon
oxide. B oth facts will tend  to  accelerate th e  ra te  
of form ation of carbon dioxide. W e do no t know 
any full s ta tem en t of th e  effects of sub stitu tin g  
lime for lim estone in  th e  cupola, and if th e  experi
m ent has n o t been carefully  tr ie d  i t  would appear 
to  be well w orth investigation . T here are  many 
cases 011 record where in  the  blast furnace, gener
ally of small dim ensions, economy has followed 
the  su b s titu tion , and these confirm from  the  
chemical p o in t of view the suggestions made. 
There is also one po in t in connection w ith design 
which would follow from  th e  use of lime. Since 
the  cooling effect well up in  th e  stack would be 
elim inated , th e  heigh t of th e  furnace would, for 
equal efficiency in  so fa r  as th e  tem pera tu re  of 
th e  escaping gases was concerned, require to  be 
raised.
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R eactivity of the Coke.

In  b las t fu rnace  circles p articu la rly , much has 
la te ly  been w ritten  concerning th e  effect of th e  
“  re a c tiv ity  ”  of th e  coke on th e  fuel consump
tion . I t  is no t, perhaps, o u t of place to  exam ine 
very briefly th e  problem from  th e  p o in t of view 
of cupola p ractice. The au thors, however, tread  
w ith diffidence, since th e  question is one of more 
th a n  usual difficulty and u n ce rta in ty .

The reac tiv ity  of coke is m easured, as a rule, 
by the  e x te n t to  w hich a t  any tem p e ra tu re  i t  has 
th e  power of reducing  carbon dioxide to  the  
m onoxide. This is largely determ ined  by th e  size 
and porosity , th e  sm aller and  m ore porous m a
te r ia ls  doing th is  to  a  g rea te r ex te n t th a n  the  
la rg er and  denser ones. A t th e  sam e tim e  th e re  
is some o ther fac to r, since size and porosity  alone 
do n o t completely determ ine th e  resu lt. As th e  
tem p e ra tu re  rises th is  re ac tiv ity  also increases, 
and  a t  th e  tem p e ra tu re  of th e  m elting  zone of 
a cupola th e re  can  be very li tt le  difference in  th is 
respect between th e  cokes which m ay be used as 
a re su lt of th e i r  o th e r physical and m echanical 
p roperties. I f  th en  th e re  is to  be an y th in g  in 
th e  question of reac tiv ity , i t  m ust lie  chiefly in  
th e  behaviour of th e  coke a t  th e  lower tem p era
tu res .

Muoh of w hat nas been w ritte n  in  connection 
w ith  th is  sub ject appears to  suffer from  serious 
inconsistencies. A rend and  W agner, (7) fo r in
stance, say th a t  fo r a given te m p e ra tu re  th e  s ta 
b ility  of carbon dioxide in  th e  presence of coke 
-will be d im inished as th e  reac tiv ity  irises. This 
being tru e  a t  all tem p era tu res  i t  should follow 
th a t  th e  escaping gases m ust be richer and  richer 
in  carbon m onoxide as th e  reac tiv ity  of th e  coke 
is ra ised . T his, however, is a  r a th e r  one-sided 
way of looking a t  th e  m a tte r , since although  w hat 
has been said  is tru e  so fa r  as i t  goes, i t  holds 
when, and only w hen, th e  concen tra tion  of carbon 
dioxide exceeds th e  equ ilib rium  co n ten t a t  th a t  
tem p era tu re . T he effect of th e  re ac tiv ity  of the 
coke is m ore o r Jess ca ta ly tic , and merely 
accelerates th e  r a te  of 'approach to, b u t n o t th e  
value of, th e  equilib rium  com position. I t  m ust 
n o t be fo rg o tten  th a t  as a re su lt of th e  high 
speed of th e  ascending gases and  th e  relatively
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low velocity of th e  reaction—2 0 0 —>002+ C —th e  
com position of th e  gas inside th e  cupola a t  any 
level does no t correspond w ith  th e  equ ilib rium  a t 
th e  tem p e ra tu re  b u t to  one a t  a  much higher 
tem p era tu re . All th is  is leading up  to  th e  point 
th a t  in  th e  stack  of the  cupola itself the  gases 
a re  always richer in  carbon monoxide th a n  corre
sponds w ith  th e  equilibrium  value, and are  thus 
on th e  opposite side of th is  equilibrium  from  th a t  
th o u g h t o f in  connection w ith  th e  usual m easure
m ent of reac tiv ity . In  a  ca ta ly tic  change th e  
ca ta ly s t a lte rs  th e  ra te  of approach to equilibrium  
only, and  i t  would thus appear th a t  a reactive 
coke, ju s t  as i t  accelerates th e  ra te  of conversion 
of carbon dioxide to  carbon monoxide, should 
equally  increase th a t  from  th e  la t te r  oxide to  the 
fo rm er when th e  conditions are  reversed. If 
then  reac tiv ity  m eans any th ing  a t  all in  cupola 
p rac tice , and  th a t  is a m a tte r  which can be de te r
m ined by experim ent only, a reactive ooke should 
be chosen. Indeed, if such a  fuel does bring  about 
economy in  th e  b last furnace, and  th ere  is general 
agreem ent on th is  po in t, th e re  is no reason which 
th e  au thors can see why i t  should no t be equally 
beneficial in  th e  cupola. The conclusion of P o rte r 
th a t  th e  com bustion in th e  cupola differs from th a t  
in th e  m elting  zone of the  b la s t fu rnace appears 
to us to  be based on unsound fundam entals.

The Addition of Further Air Through Auxiliary  
Tuyeres.

Above th e  zone of combustion th ere  is un
doubtedly a considerable am ount of carbon 
monoxide in  th e  gases. I t  is b u t n a tu ra l, there
fore, th a t  th e  suggestion should have been made 
and  repeated ly  tr ie d  experim entally  th a t  th is  0 0  
m igh t be u tilised  by blowing in a t  a level appre
ciably above th a t  of th e  tuyeres a fu r th e r  supply 
of a ir . If , however, th is  is done th e  obvious 
resu lt is merely to  reproduce m ore o r less th e  con
ditions which ob ta in  a t  th e  tuyere  zone. Much 
h ea t is generated  a t  a  relatively high level in the 
furnace, and cannot be tran sfe rred  to  th e  charge, 
w ith th e  resu lt th a t  the  escaping gases will be 
raised  in  tem p e ra tu re  correspondingly. This will 
also te n d  to  reduce th e  lower tem p era tu re  tr a n s 
form ation  of carbon monoxide to  th e  dioxide. 
Even if on th e  whole th e  gases do contain  a little
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more carbon dioxide, and  even on th is p o in t the 
evidence is n o t c lear, any gain  by th is  ra th e r  more 
perfec t com bustion may be .more th a n  lost by the 
g rea te r loss of “  sensible ”  h ea t in the  gases. The 
conclusion can hard ly  be escaped th a t  w hat a ir 
is required  for com bustion should be blown in a t 
th e  tuyeres to  keep th e  zone of com bustion as low 
as possible.

R ecalling  w hat has already been said concerning 
the equilibrium  between carbon mon- and di-oxide 
a t  high tem pera tu res, i t  will be realised th a t  the  
whole a rgum en t for aux ilia ry  tuyeres res ts  on a 
fallacious basis. A t tu y e re  tem p era tu res  the  
equilibrium  is one in  which alm ost th e  whole of 
th e  gas tends to  become CO. The add ition  of more 
a ir  may tem porarily  convert some of th is  in to  the  
dioxide, b u t th is , by in te rac tio n  w ith  m ore carbon, 
will pass again  in to  the m onoxide stage. The ne t 
re su lt will be  th e  sam e as if th e  a ir  had  b u rn t 
no t th e  carbon monoxide, b u t m ore coke. This 
clearly, when ta k in g  place high up in th e  stack , 
can only lead to  w asted energy.

I t  may incidentally  be w orth po in ting  ou t th a t  
in the  absence of excess carbon and a t, say, 
1,650 deg. C. (a tem p e ra tu re  which may very well, 
be reached by the  h o tte s t gases), th e re  is not 
com plete com bustion of carbon monoxide in  oxygen, 
about 1 p e r  cent, of th e  d ioxide form ed rem ain ing  
as carbon m onoxide and  oxygen. As th e  tem pera
tu re  .falls, however, th e  la t te r  will rap id ly  decrease 
to  im m easurably sm all q uan tities .

A fte r th e  above was w ritten  th e  a u th o rs’ a tte n 
tion  was draw n to  th e  P a p e r  by P o r te r  already 
m entioned. H is ideas and  ours, though , reached 
independently , a re  in  such p e rfec t ag reem ent on 
th is  p o in t th a t  we v en tu re  to  quote them . “  A 
second row of tuyeres ,”  he says, “  is supposed to 
effect th e  m ore com plete com bustion of th e  carbon 
by th e  add ition  of oxygen a t a p o in t where i t  can 
burn  th e  0 0 . T heoretically  th is  appears to  be an 
excellent idea, b u t actually  i t  usually  fa ils  to 
accomplish th e  resu lt desired, i.e ., to  m ateria lly  
decrease th e  p roportion  of CO, though  i t  may pro
duce o th e r desirable effects.”

“  S ince CO is n o t form ed d irec tly  a t  th e  tuyeres 
b u t only a t  some d is tance  above o r in  f.ront of 
them , i t  is ev id en t th a t  th e  second row of tuyeres
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m ust be located a considerable distance above the 
lower ones in  o rder to  reach th e  CO. Now if th is 
is done th e  resu lt is to  produce ano ther zone of 
com bustion and a p rac tica l duplication  of th e  con
d itions a t  th e  lower tuyeres. W here th e  addition 
of a  second row of tuyeres has proved advantage
ous th e  benefit can usually be traced  to  the  enlarge
m en t of th e  to ta l tuyere  area  and th e  consequent 
g rea te r volume of a ir  adm itted  to th e  cupola.”

J . E. H u rs t (8) has also recorded his conclusion, 
draw n from actua l te s t, th a t  aux iliary  tuyeres are 
not, in  a properly  designed cupola, of advantage.

W ith  regard  to th e  am ount of a ir which may 
'reasonably  be in jected , i t  would appear safe to 

believe th a t , from  th e  p o in t of view of fuel 
economy, th a t  am ount is needed which will, 
under th e  w orking conditions, ju s t fa il to  show 
free oxygen in  th e  escaping gases. So fa r as the  
au thors can see, th is  should lead to  th e  most per
fect combustion which can be produced under the 
conditions ob ta in ing  in any given cupola.
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DISCUSSION.
M r. H o r a c e  J .  Y o u n g , F .I.C . (London), asked 

th e  au thors how to  sam ple th e  gases from  the 
cupola so as to  obtain  figures sufficiently accurate 
to  conform w ith the  in tric a te  calculations in 
the  Paper. H e suggested th a t  the P aper was 
en tire ly  theoretical, and, although i t  ended with 
a s ta tem en t which had been made by many 
people before, namely, th a t  there  was no need for 
two rows of tuyeres. The paper, in his view, was
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inconclusive, and  lie would be glad if the au thors, 
when rep ly ing  to  th e  discussion, would s ta te  the 
conclusions to  which they had come as the resu lt 
of th e ir  work.

Mr . B. H ird considered th a t  researches such as 
these in to  th e  gases given off by th e  cupola and 
th e ir  re la tio n  to  th e  gases th a t  were absorbed by 
th e  iron  would b ring  a g re a t deal of lig h t and help 
to  those who had  to  work cupolas and  g e t resu lts 
from them . D uring  th e  last year he had carried  
o u t some experim ents in  connection w ith the  
gases con ta ined  in cast iron, w rought iron and 
steel, and they  had  le f t h im  very m uch fogged. 
H e had been led to  experim en t because, when 
try in g  to  cast a w rought-iron  b ar in  a casting  he 
had  ob tained  serious blowholes. H e h ad  carried  
th e  experim ent fu r th e r  by casting  chills in  moulds 
and a tta ch in g  a tu b e  to  them , in  o rder to  see if 
he could g e t any gases therefrom  ; he was 
astonished to  find th a t  he ob tained  gases from  
every chill he  used, and th e re  w ere big varia tions, 
although th e  chills were cas t o u t of th e  sam e ladle. 
T herefore, he very m uch apprecia ted  th e  au th o rs’ 
a ttem p ts  to  deal w ith  th e  m a tte r . Gases formed 
in th e  cupola, in his view, w ere absorbed in  the 
iron, and he asked th e  au thors to  carry  on th e ir  
work on th e  fo rm ation  and  absorption  of gases.

Mr . J .  E. F l e t c h e r  sa id  h e  could n o t exactly  
subscribe to  th e  view expressed by M r. Young, b u t 
considered th a t  th e  work done by th e  au thors 
would prove to  be of value. One p o in t to  be 
rem em bered—although he did n o t th in k  th e  
au thors had  en tire ly  lost s ig h t of it— was th e  fact 
th a t  th e  speed of th e  gases th rough  th e  cupola 
had som ething to  do w ith th e  equ ilib rium  factor 
in th e  gas analysis. I t  was assumed in  too m any 
of these cases, he ivas a fra id , in  connection with 
both th e  b last fu rnace  and th e  cupola, th a t  theo re
tica l equilibrium  was a tta in ed  in  th e  tim e  in  which 
th e  gases passed th rough  e ither th e  b la s t fu rnace  
or th e  cupola, and  th a t  was w here th e  difficulty 
arose in  a purely  scientific in ves tiga tion , unless 
com parison was m ade w ith  th e  ac tua l facts of the  
case as recorded from  properly -taken  analyses a t 
various po in ts of th e  cupola. H e  had  had  con
siderable experience in  try in g  to  ge t these, and 
th e  resu lts were n o t a t  all in accordance, in  m any



175

cases, w ith  th e  expectations of th e  authors. W ith 
regard  to  lim estone, th e  am ount of h ea t taken  off 
by the  expulsion of th e  C 0 2 from  limestone, of 
course, was very considerable. One question 
which had been scarcely touched upon was th a t  of 
the  ash in  th e  coke. I t  had been proved th a t  a 
percentage of ash in  coke had  a much greater 
effect on th e  therm al value of th a t  coke th a n  could 
be deduced theoretically , and points of th a t  so rt 
made one extrem ely cautious in accepting conclu
sions of a purely  theore tica l character. H e had 
tr ied  to  use a  slacked lim e th rough  the  tuyeres of 
th e  cupola instead  of in troducing  i t  as limestone 
w'ith the  charge. D r. S tead  and himself had had 
a conversation on the  po in t some years ago, 
and • i t  had been tr ie d  both in  M iddles
brough and  in the  M idlands, b u t th ings did not 
happen as was expected. The a ttem p t was made 
to  in troduce the  lime as lime w ith the a ir  blown 
in to  th e  blast fu rnace as well as th e  cupola, b u t 
slag was form ed all round th e  cupola and 
nex t to  the  lin ing  of the  b last furnace, instead 
of the  lime p en e tra tin g  to the cen tre  of the 
charge column. Those experim enting w ith cupolas 
m ust bear in m ind th a t  they  m ust get th e  a ir dis
tr ib u ted  as perfectly  as possible. F inally , he con
g ra tu la ted  the  au thors upon th e ir  a ttem p t to  help 
practically  by conclusions which a t  first sight were 
purely theoretical.

M e . E. L o n g d e n  said th a t  while theoretically  t h e  
single row of tuyeres in  a cupola was ideal, i t  was 
not so in  p ractice. There was much more slagging 
up of tuyeres th a n  w ith two rows.

AUTHOR’S REPLY.
M r. M. L. B e c k e r , replying to  M r. Young, said 

it  was difficult to convey the  whole of the contents 
of th e  P ap e r in  th e  course of the  short tim e allotted 
to him  for in troducing  it, and it  was also extrem ely 
difficult for o thers to  discuss th e  P ap er w ithout 
hav ing  read  it , b u t he would be pleased to  reply 
to any fu r th e r  criticism s which m ight be m ade in 
w riting . W ith  regard  to  th e  sam pling of gases, 
he said i t  was pointed  out in th e  P ap er th a t  the  
conclusions arrived  a t  were en tire ly  theoretical, 
and th e  au thors had  no t as y e t tak en  samples of 
gases from cupolas, b u t hoped to  do so. They con
sidered i t  advisable, however, to  set down th e  lines



on which they  proposed to  m ake th e  experim ents, 
and la te r, if tim e perm itted , th e  experim ents would 
be m ade and the  resu lts probably reported . I t  was 
a very difficult m a tte r  to  sam ple gases from a 
cupola, b u t th e ' m ethod they  had  in  view was to  
drop a pipe down the  cen tre  of th e  cupola and p u t 
i t  in  w ith th e  charge. So fa r  as could be ascer
ta ined , th e  m ethod of sam pling gases a t  th e  edge 
of th e  cupola was q u ite  unsatisfac to ry , because the  
gases rising  a t  th e  cen tre  of th e  charge were of 
diffei’e n t composition from  those a t  th e  edge of 
the  charge, n ex t to  th e  lin ing. Also, th e  tem 
p era tu re  varied  very m uch as betw een th e  cen tre  
and th e  edges. The au thors had  n o t been able to 
go in to  th e  question ra ised  by M r. H ird , namely, 
of de term in ing  how fa r  th e  gases affected th e  pro
perties of th e  iron  cast, b u t had  sim ply taken  
th e  cupola as a h ea t generato r, w ith  th e  idea of 
finding o u t how m uch h ea t was requ ired  to  get 
the  iron o u t a t  a certa in  tem p era tu re . N everthe
less, th e  ra tio  of carbon monoxide to  carbon 
dioxide in  th e  m elting  zone m ust be of profound 
im portance when considering th e  quality  of th e  
iron  tap p ed  from  th e  cupola. I f  th e  ra t io  of c a r
bon monoxide to  carbon dioxide was n o t very 
g rea t, th e  im m ediate resu lt would be th e  ox ida
tion  of the  iron. H e considered th a t  if 
th a t  w ent on to any g re a t ex ten t th a t  the  m etal 
itself m ig h t con ta in  oxide, e ith e r in  so lu tion  or 
otherwise, and  give an unsu itab le  casting . D eal
ing  w ith  M r. F le tch e r’s p o in t as to  th e  r a te  a t 
which the  gases passed th rough  the  charge, he said 
th e  au thors w anted to  know if anybody had  p rac
tica l in fo rm ation  on th e  su b je c t; if anybody could 
give any d irec t evidence th a t  they  w ere w rong they  
would be only too  pleased, because th e ir  object 
in  g iv ing  th e  paper was to  find o u t w here they  
were. The effect of ash in th e  coke was n o t dealt 
w ith, b u t was sim ply tak en  as 12§ per cent. The 
fusib ility  of th e  ash and th e  fo rm ation  of slags, 
of course, m ust en te r in to  th e  question , bu t, a t 
th e  sam e tim e, th e  calorific value of coke of a 
given ash con ten t, he believed, was m ore o r less 
constan t. W ith  reg ard  to  th e  in tro d u c tio n  of lime 
a t  th e  tu y e re  zone, he had  heard  of others who 
had done th a t  w ithou t success, and th a t  seemed 
to  bear o u t th e  conclusion which th e  au thors had
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arrived  a t, namely, th a t  th e  effect of th e  lime
stone was very sligh t indeed so fa r  as th e  heat 
balance was concerned. The au thors had not 
expressed an  opinion in  th e  paper as to  w hether 
a single o r a double row of tuyeres was advisable, 
b u t they  d id  wish to  make th e  po in t th a t  ex tra  
a ir  in troduced  a t  a considerable d istance up the 
cupola stack , in  o rder to  bu rn  th e  carbon mon
oxide o rig in a tin g  in  the  stack, had no t been found 
to  be satisfac to ry .

%
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CAST IRON FOR ELECTRICAL MACHINES.

By J. H. Partridge, B .Sc. (Hons.), 
(University o£ Birm ingham ).

The paper is divided in to  five sec tio n s :— (1) In 
tro d u c tio n ; (2) exp lana tion  of te rm s; (3) indus
tr ia l  requ irem en ts; (4) experim ental— (a) the  
effect of silicon ; (b) th e  effect of m anganese; (c) 
th e  effect of alum inium  ; (d ) th e  effect of chro
m ium ; (e) non-m agnetic alloys; (/) m alleable cast 
iro n ; and  (g) th e  re la tionsh ip  betw een th e  s tru c 
tu re  of cast iron and  its  m agnetic  p ropertie s— and 
(5) sum m ary and  conclusions.

In  th e  experim en ta l section, sub-sections (a) and 
(c), reference is m ade to  a fifteen m in u tes’ anneal 
a t  900 deg. C. before m achining. This annealing  
appears to  be an  e r ra tic  p rocedure, and  is due 
to  th e  au th o r being influenced by th e  custom ary 
procedure in  te s tin g  ferro-m agnetic m ateria ls  and 
also by th e  work of D r. N athusius, who annealed 
all his specimens for 24 hours a t  900 deg. C. before 
tes ting . The au th o r realises, of course, th a t  cast 
iron, hav ing  ce rta in  desirable p roperties when in 
the  cast s ta te , is fa r  m ore valuable and  useful 
th a n  cast iron hav ing  sim ilar p roperties when in 
th e  annealed  condition.

Introduction.
Twenty years ago th e  fram es and  housings of 

electric  m otors and genera to rs were constructed  of 
cast iron. I t  was found th a t  cas t steel was mag
netically  superior to  cast iro n ; cast steel housings 
were read ily  adopted  by designers, and in  a few 
years i t  had  alm ost en tire ly  replaced cast iron 
for elec tric  m achinery. T here was very little  
in fo rm ation  on th e  m agnetic p ro p ertie s  of cast 
iron. D esigners condem ned i t  w ith o u t investi
g a tin g  its  p roperties, w ithou t g iv ing  i t  a chance 
to  defend itself.

T his investiga tion , ca rried  o u t a t  th e  in s tig a 
tion  and under th e  d irec tion  of P rofessor T. 
T u rn er, is n o t in tended  to  be a  tre a tise  on  th is 
sub ject, b u t serves to  show th e  effect o f some of 
the common elem ents on th e  m agnetic  p roperties 
of cas t iron and  to  show th a t  th is  m a te ria l has a



prom ising fu tu re  in  th e  electrical industry . I t  
definitely disproves th e  old idea th a t  cast iron 
does n o t have any  useful m agnetic  p roperties.

Explanation of the Term s.
As th is  sub ject is ra th e r  more physical th an  

m etallurgical, i t  is necessary to  exp lain  a  few of 
th e  te rm s used in  m agnetism . The e n tire  space 
round  a  m agnet in  any p a r t  of which i t  is possible 
to  de tec t m agnetic force due to  th e  m agnet is 
called th e  m agnetic field of th a t  m agnet. The 
in tensity  of such a  m agnetic field a t  any p a r
ticu la r po in t is determ ined by th e  force exerted 
on a u n it  pole placed a t  th a t  po in t. I f  th e  u n it 
pole moves so th a t  th e  d irection  i t  takes is, a t 
every in s ta n t, th e  direction  in which the  m agnetic 
force acts, th e  course i t  tak es  th rough  space is 
called a line of m agnetic force. In  general these 
lines a re  curved, for th e  d irection  of th e  m agnetic 
force varies, as th e  u n it pole passes from poin t 
to  p o in t th rough  th e  field. The well-known curves 
in which iron filings group them selves when sca t
tered  round a  bar m agnet rep resen t approxim ately 
the  form s tak en  by th e  lines of force. F o r a bar- 
m agnet th e  lines of force s ta r t  from th e  positive 
pole, bend round in  curves, and converge on th e  
negative  pole. Now if th e  m agnet is broken 
across, each piece becomes a m agnet, and there  
a re  lines of force across th e  gap. Consequently, 
th e  lines of force m ust be regarded  as being con
tinuous closed curves, p a r t  being in th e  m etal 
itself and  p a r t  being in th e  a ir . T h a t p a r t  of 
th e  line of force in th e  m etal is known as a line 
of m agnetisa tion , o r a maxwell. In  a uniform  field 
—th a t  is to  say, a field in  which th e  m agnetic 
force has th e  same direction  and the  same in ten 
sity  a t  a ll points—th e  lines of force a re  s tra ig h t, 
parallel and equally spaced, and th e  stren g th  of 
the  field is equal to  th e  num ber of lines of force 
crossing one sq. cm. perpendicu lar to  th e  d irec
tio n  of th e  force, and is generally  denoted by th e  
le t te r  H . I f  a  piece of brass be placed in  th is 
field th e  field does n o t change; th e  same num ber 
of lines force pass th rough  th e  brass as through  
an  equal a rea  of surround ing  a ir. I f , however, 
a  piece of iron is placed in th e  field th e  la t te r  is 
d is to rted  and m ore lines of force pass through 
th e  iron th a n  th rough  an equal area  of su rround
ing a ir . In  o ther words, th e  lines of force p refer
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th e  p a th  th ro u g h  th e  iron , which may be said to 
be a b e tte r  m agnetic  in duc to r th a n  th e  su rround 
ing a ir. The very fac t th a t  th e re  are  e x tra  lines of 
force passing th rough  th e  iron causes i t  to  become 
a m agnet, and indeed th e  s tren g th  of th is  m agnet 
is p ropo rtiona l to  th e  num ber of these  e x tra  lines 
of m agnetisa tion  which trav e rse  it. The to ta l 
num ber of lines of m agnetisa tion  trav e rsin g  the  
iron, divided by its a rea, is known as th e  m agnetic  
induction , generally  denoted  by B : i.e ., B  is the  
m agnetic induction  per sq. cm. Since th e re  are 
no e x tra  lines of force induced in  brass, i t  
does n o t become m ag n e tised ; th e  num ber of lines 
of m agnetisa tion  per sq. cm. w ith in  th e  brass 
specim en is always equal to  th e  num ber of lines 
per sq. cm. in th e  field, i.e ., B =  H . F o r iron, 
however, B is very much g rea te r th a n  H . This 
may be expressed by saying th a t  iron  is more per
meable w ith  respect to  lines of m agnetisa tion  th an  
th e  su rround ing  a ir The lines of m agnetic in
duction m ay be visualised as crow ding in to  the  
iron, finding an  easie r p a th  th ro u g h  i t  th an  
th rough  th e  a ir. T he qua lity  by v ir tu e  of which 
th e  iron of th e  specim en conducts th e  lines of 
induction  b e tte r  th a n  th e  a ir  is called its mag
netic perm eability . Thus th e  perm eability  of the  
iron is th e  ra tio  of th e  num ber of lines of induc
tion  per sq. cm. in  th e  specim en (i.e., B) to  the 
num ber of lines of force per sq. cm. in  th e  a ir 
surround ing  th e  rod (i.e ., H ) ; th u s  th e  perm ea- 

B
bility = — and  is generally  denoted by p. Sup-

pose a  specim en of iron is subjected to  a m ag
netic  force H , and  th a t  th e  m agnetic  induction  
produced by th is force is B. I f  th e  force H  is 
a ltered  in any way th e  m agnetic  induction  B will 
also change, and  these changes may be represen ted  
graphically , as shown in  F ig . 1. A t first th ere  
is li t t le  increase in  th e  m agnetic induction , as 
represen ted  by th e  line  OA. Then th e re  is a sharp 
and rap id  increase in  th e  induction , as shown by 
th e  curve AB, which becomes exceedingly steep'; 
th is is th e  region of m axim um  perm eab ility  shown 
by the  peak on th e  do tted  curve, for obviously 
if B becomes very large, w hilst H  only increases

B
a sm all am ount, th e  ra tio  -g. m ust become very 
large. L astly , th e  curve rounds off u n til th e  ra te
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of asoent again  becomes small and hence the 
perm eability  dim inishes.

F ig . 2 illu s tra tes  th a t  if, when th e  po in t C is 
reached th e  m agnetio force is dim inished, th e  in
duction does n o t fall along th e  curve OBAO, but

takes th e  curve CD instead. Thus when the  mag
netic force has been reduced to zero, m agnetism  
equal to  OD rem ains in the  specimen, and is hence 
called th e  residual or rem anent m agnetism . If  
the m agnetis ing  force is now reversed a negative 
force equal to  OE is required  to  reduce the  
rem anent m agnetism  to  zero. Hence OE is a 
measure of th e  degree of s tab ility  w ith which the
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rem anen t m agnetism  is held and is known as the 
coercive force. The g rea te r th e  coercive force 
the more strongly  is th e  rem anen t m agnetism  held, 
and vice versa. On decreasing th e  force still 
fu r th e r, th e  curve E F  is obtained , and if th is  
force is again  reduced to  zero th e  induction 
follows th e  curve FG . The rem an en t m agnetism  
OG is equal to  th e  rem anence OD, th e  m agnetism  
sim ply being in  th e  opposite d irection . I f  now 
the  force is increased to  th e  o rig in a l positive 
m axim um , th e  curve GHO is obtained .

Thus i t  will be seen th a t  on decreasing th e  m ag
netic  force from  a  positive value to  an  equal 
negative value, and  th e n  again  increasing  i t  to  
the orig inal positive value, th e  induction  follows 
the  curve C D EFG H C , and  an am oun t of energy 
proportional to  th e  area  of th is  curve, or th e  so- 
called “  H ysteresis loop,” is d issipated  during  
th e  process. This energy takes th e  form  of heat, 
and, consequently, th e  specimen becomes w arm  
when th e  m agnetism  is successively reversed or 
varied  in any way. The cores of tran sfo rm ers  
and  dynam o arm a tu res  are fam ilia r instances of 
point.

This hea ting , which occurs as a consequence oi 
hysteresis, has, of course, no th in g  to  do w ith th e
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add itional hea ting  which F oucau lt o r eddy cur
ren ts  m ay cause when quick changes of m agnetism  
tak e  place. Now the  a rea  of th e  loop gives the  
energy d issipated  in  ergs per cubic centim etre 
of th e  specim en per cycle of m agnetisation . Now, 
ergs per cc. per cycle is ra th e r  an inconvenient 
u n it, so th a t  th e  hysteresis loss has been ex
pressed in  w a tts  p er lb., assum ing th e  specimen 
to  be subjected  to  100 cyclic changes per second. 
This m agnetic hysteresis of iron is very im portan t, 
as tw o illu s tra tions will show :—T ake th e  case of 
a  large dynam o w ith an a rm a tu re  of soft iron 
weighing 1 to n  w ith  a  hysteresis loss of, say,
10,000 ergs, p e r cc. p er cycle. I f  th is  a rm atu re  
ro ta te s  a t  such a speed th a t  th e  iron undergoes 
100 cyclic changes o f m agnetisation  per second, 
then  17.7 h.p. is required  to  overcome th e  m agnetic 
hysteresis of th e  iron . N early 4,000 cyclic changes 
of m agnetisa tion  would produce a  rise in  tem 
p e ra tu re  of 1 ¿eg. C. Suppose th a t  the  dynamo 
is a 4-pole m achine ro ta tin g  a t  1,000 r.p .m ., there  
a re  2,000 cyclic changes per m inute—hence the 
tem p era tu re  of th a t  a rm a tu re  would rise  \  deg. 
C. per m inute , assum ing th a t  th e re  is no rad ia 
tion  o r conduction.

Industrial R equirem ents.
The m agnetic p roperties of any m ateria l m ust 

su it its  ind u stria l requirem ents. Thus th e  arm a
tu re s  of D.C. and th e  s ta to rs  of A.C. motors and 
generators m ust no t only possess high perm eability  
bu t m ust also have th e  lowest possible hysteresis 
loss, since these p a rts  a re  subjected  to  an a lte r
n a tin g  m agnetic field. The fram es of such D.C. 
m achines and th e  ro to rs  of A.C. generators m ust 
have th e  g rea te s t possible m agnetic perm eability , 
the hysteresis loss being im m aterial, since such 
p arts  a re  n o t subjected to an a lte rn a tin g  m agnetic 
field.

The required  perm eability  is especially high in 
the pole pieces of D.C. m achines in  o rder to  reduce 
as fa r  as possible th e  w eight of copper required in 
the field coils. The pole pieces a re  sometimes 
m ade of w rought iron  forgings cast in to  th e  C .I. 
m agnet fram e and fitted  w ith pole shoes of lam i
nated  w rought iron, as shown in F ig . 3.

Sometimes th e  pole piece and shoe a re  bu ilt up 
in one piece from  w rouglit-iron lam inations and
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bolted to  th e  cast-iron  m agnet fram e. This form  
gives a  pole of rec tan g u la r section, w hereas the  
w rought-iron  pole piece is alm ost always of c ir
cu lar section.

C ast iron is never used for poie pieces owing 
to  its  low perm eability , b u t occasionally pole 
pieces and m agnet fram e a re  cas t toge ther in  cast 
steel and  fitted  w ith  sboes.

F o r p e rm an en t m agnets, however, n o t only is 
the g rea te s t rem an en t m agnetism  required , but 
the coercive force m ust also be as la rge  as possible 
Soft iron, fo r exam ple, re ta in s  92 p er cen t, of its  
m agnetism  a f te r  th e  m agnetising  force has been 
w ithdraw n. B u t since th e  coercive force of so ft 
iron is only abou t 2 e.g.s. u n its , th is  residual m ag
netism  is held  so feebly th a t  even th e  ligh tes t

touch of th e  fingers suffices to  destroy m ost of it. 
Consequently, so ft iron would no t be su itab le  for a 
perm anen t m agnet. The best m agnets have a  
coercive force of abou t 150 e.g.s. un its , b u t such 
high coercive force is only ob tained  by sacrificing 
the  rem an en t m agnetism  to  a  c e rta in  ex te n t, and 
an approx im ation  of th e  value of a m ateria l for 
m agnets is ob ta ined  from  th e  p ro d u c t of the  
coercive force and th e  rem an en t m agnetism . Such 
a  p ro d u c t should be in  th e  neighbourhood of 
1,000,000 .

F or bed p lates, end  p lates for genera to rs and 
m otors, cable bones, shields for m otor, e tc ., a non
m agnetic m a te ria l is desirable in  o rd e r to  
m inim ise th e  losses due to  s tray  flux.

C ast iron, occasionally qualified by th e  adjectives 
“ soft ”  and  “  h a rd ,” is som etimes m entioned in 
tables of m agnetic p roperties, and  from  such tables 
one is led to  suppose th a t  i t  is useless, when viewed 
from  th e  s tan d p o in t of its  m agnetic  properties.



I t  has always been s ta ted  th a t  cast iron  possesses 
low induction  and low perm eability  and high 
hysteresis loss. V alues such as 8,000 for the 
m axim um  induction  a t  a field s tren g th  of 
150 e.g .s., 250c.g.s. for th e  maxim um  perm eability, 
12 e.g.s. for th e  coercive force, and 35,000 to
40,000 ergs fo r th e  hysteresis loss a re  quoted. 
However, cast iron offers g re a t possibilities as 
regards its m agnetic properties. Examples 
are  given in  th is  P ap e r of cast iron w ith  
twice th is  induction , from four to  te n  tim es th e  
perm eability , and nearly  one-tenth the  hysteresis 
loss.
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Experim ental.
American washed iron of the  following analysis 

was used for the  p resen t investigation .

First supply. Second supply.

Per cent. Per cent.
Total carbon 3.16 3.84
Graphite carbon .. nil nil
Manganese Trace Trace
Silicon 0.046 0.03
Sulphur 0.016 0.02
Phosphorus Trace Trace

The iron  was m elted in  a 30-lb. salam ander 
crucible, elem ents were added e ith e r in the  
m etallic form o r as ferro-alloys, and bars 12 in. 
by 1 in. d iam eter were cast in sand-moulds. The 
bars were m achined down to  1.128 cen tim etre  d ia
m eter. The p rim ary  m agnetisation  curves were 
determ ined by using  an  Iliovici perm eam eter, and 
the hysteresis loops by th e  bar-and-yoke method.

The Effect of S ilicon .

In  order to  determ ine th e  effect of silicon on 
the m agnetic  p roperties of cast iron, bars con
ta in in g  various percentages of th is  elem ent were 
cast. The analysis of these bars is given in 
Table I.

I t  will be noticed th a t  th e  silicon increases from
0.6 to  4.0 p e r cent. W ith  the  exception of those 
bars m arked,* all bars were tested  in th e  cast 
s ta te , w ithou t even being annealed to  remove 
m achining stra in s . The bars marked* in  th is and
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T a b l e  I.—Composition of Alloys of the Silicon Series.

Specimen T.C. G.C. G.C. Si. Mn.

1 2.77 1.8 8 0.89 0 .6 0.015
2 2.79 2.14 0.65 0.807 Trace

*3 3.11 0.24 2.87 1.43 0.024
2.95 0.35 2 .6 1.97 0.025

*5 2.74 0.46 2.28 2.26 0.02
*6 2.675 0.28 2.42 2.46 Trace

8 2.70 1.46 1.24 2.41 0.04
9 2.58 1 . 1 1.48 2.745 0.035

10 2.54 1.35 1.19 4.165 0.035

subsequent tab les were annealed  a t  900 deg. Ci for 
fifteen m inutes, and were th en  tu rn e d  down to  
size. Specim en 7 was accidentally  broken and was 
no t available for te s tin g  m agnetically . The m ag
n e tisa tio n  and perm eability  curves for all th e  
specimens a re  given m  F ig . 4, and th e  m agnetic 
p roperties a re  shown in  Table I I .

T a b l e  II .—Magnetic Properties of the Silicon Series 
of Alloys.

Specimen

B max. 
(Max. 
mag
netic 

induc
tion.)

H max. 
(Max. 
mag
netic 
field 

strength)

[i. max. 
(Max. 
per
mea

bility.)

H for 
p a x .

Reman
ent

mag
netism.

1. 9,977 99.58 264.0 15.1 5025
2 9,678 99.78 237.0 16.2 4733

*3 11,480 98.9 481.5 8.0 5124
*4 11,644 100.13 497.0 8.0 5523
*5 11,747 100.53 549.0 6.9 4578
*6 11,900 100.3 737.0 7.8 4724

8 11,090 101.43 271.6 16.0 4667
9 10,833 101.43 253.0 16.0 4431

10 10,540 98.36 254.0 14.0 4060

The m ost p rom inen t fe a tu re  is th e  m agnetic 
superio rity  of th e  annealed  specimens com pared 
w ith  the  unannealed  ones. The effect of anneal
ing  may be seen by com paring specimens 6 and 8 
which have alm ost iden tica l silicon contents. 
Specim en 6 has been h ea t tre a te d  before tu rn in g , 
b u t specimen 8 'is  in  the  cast condition. The
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maxim um  induction  of the  form er is 11,900 e.g.s. 
w hilst th a t  of th e  la t te r  is 11,090 e.g.s.

The dotted  curves in F ig . 4 rep resen t th e  change 
of perm eability  w ith respect to  the field, and it 
will be noticed th a t  the m axim um  perm eability 
increases w ith  increasing silicon content, and th a t 
th e  m axim um  perm eability  of the  annealed speci
mens is m ore th a n  tw ice th a t  of the  unannealed 
ones. The low induction  of specimen 2 is due to 
the h igh percentage of combined carbon. The 
m agnetic properties of the east specimens appear

T a b l e  III.— Primary Magnetic Results on the Silicon 
Series.

Specimen. B max. H max.

1 .................... 10,170 99.45
2 .......................... 9,810 100.0

*3 ......................... 11,060 98.35
*4 11,320 101.4
*5 11,480 99.1
* 6 ......................... 11,430 99.2

8 ......................... 11,690 100.5
9 ......................... 11,570 103.8

10  ......................... 11,960 99.8

to d e te r io ra te  w ith th e  h igher the  content of 
silicon. Thus, specimen 10 is no t as good 
m agnetically as specimen 9, which in  its  tu rn  is 
no t as good as specimen 8. These specimens were 
not p repared  in  one h ea t and they are  ra th e r an 
im perfect series of alloys. M oreover, the  casting 
conditions m ay have a  considerable influence on 
th e  m agnetic p roperties of the  m ateria l. As the 
au tho r was chiefly concerned a t  th is  tim e w ith 
ob tain ing  high perm eability  and low hysteresis 
loss, and since i t  is ev iden t th a t  annealing  raises 
the  induction  and  perm eability  of cast iron, all 
the specimens were embedded in th e ir  own tu rn 
ings in  a sealed iron box. They were then  heated 
to 875 deg. C. and allowed to cool a t  the  slow ra te  
of 30 deg. C. per hour to  675 deg. C ., from which 
point they  were allowed to  cool w ith the  muffle. 
In  th is  way most of th e  carbon was p rec ip ita ted  
as finely divided g raph ite , the stra in s due to 
tu rn in g  were removed, w hilst oxidation was pre
vented by annealing  th e  specimens in th e ir  own 
tu rn ings. P rim ary  m agnetisation curves and



hysteresis loops were taken , the  resu lts being 
shown in Tables I I I  and IV . The m axim um  
induction  increases w ith  increasing  silicon 
conten t. . .

W ith  the  exception of specimen 9, th e  add ition  
of silicon reduces both th e  hysteresis loss and  the 
coercive force. M oreover, w ith  high silicon con-

T a b l e  I V . —Other Magnetic Properties of the Silicon Series.

Speci
men.

Coercive
force.

Hysteresis loss 
in ergs/cc. per 
cycle, for B =  

10 ,000 .

Watts loss 
per lb. of 
metal.

Density.

2 12.7 34,080 20.997 7.363
*3 9.8 27,680 16.750 7.231

8.5 26,120 16.440 7.213
*5 7.0 23,860 14.898 7.180
*6 6.5 18,850 12.049 7.164
9 7.6 20 ,12 0 12.748 7.163

10 3.5 8,700 5.634 7.038

T a b l e  V .— Composition of High Silicon Series.

Specimen Si. T.C. C.C. G.C. Mn.

1 1 2.54 3.06 1.35 1.71 0.02
12 2.87 2.97 1.25 1.72 0.03
13 3.41 2.97 1.17 1.80 0.032
14 4.76 2.76 0.88 1.8 8 0.053
15 6.04 2.61 0.09 2.52 0.085
16 7.38 2.4 0 .1 2.3 0.095

te n t, as in  specimen 10, th e  hysteresis loss is 
exceptionally  low, being nearly  as low as th a t  of 
w rought iron. The la s t column in  th e  tab le  gives 
the energy  dissipated  per lb. of iron , assum ing 
the specimen to  be subjected to  100 m agnetic 
cycles p er second a t  a flux density  of 10,000 
maxwells per sq. cm.

Alloys co n ta in ing  u p  to about 8 per cent, of 
silicon were then  p repared  in one h ea t and these 
were tested  in  th e  cast s ta te , a f te r  tu rn in g  to  a 
d iam eter of about 1.170 cen tim e tre  and  then  
g rin d in g  to  a d iam eter of 1.128 cen tim etre . The 
analysis of these specim ens is given in T able V.

P rim ary  m agnetisa tion  and perm eability  curves 
were tak en  by using  th e  perm eam eter and  are
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shown in F ig . 5. A sum m ary of th e  m agnetic 
p roperties is given in  Table V I.

Thus silicon decreases th e  m agnetic induction 
and th e  rem anence, and, when p resen t in  am ounts 
no t exceeding 5 per cent., i t  also decreases the 
m axim um  perm eability  of cast iron in the cast 
sta te . On re fe rrin g  to  F ig . 5, i t  will be noticed

T a b l e  VI.—The Magnetic Properties of Second Silicon 
Series.

Speci
men. B max. H max. V-max.

H for p. 
max.

Reman
ence.

1 1 10,190 99.75 230 16.4 4300
12 10 ,10 0 100.13 218 16.4 4290
13 9,845 10 0 .2 213 15.2 3800
14 9,455 100.13 193 20.48 2900
15 9,200 99.71 1 ,0 2 1 2.25 2900
16 8,935 97.3 383 5.88 1650

T a b l e  VII.—Hysteresis Loss on Second Silicon Series.

Speci
men.

Limits 
of in

duction.
Coercive
force.

Hysteresis 
loss ergs/e.c. 

per cycle.

Watts 
loss 

per lb.
Den
sity.

1 1 10 ,000 12.7 32,435 9.984 7.225
12 10 ,000 13.1 32,900 20.19 7.238
13 10 ,000 12 .0 28,700 18.02 7.221
14 10,000 9.8 22,840 14.50 7.143
15 8,000 2 .2 4,075 2.652 6.951
16 4,500 1.7 2,390 1.551 6.949

th a t  specim ens 15 and 16 a re  much more 
m agnetic th an  th e  o ther specimens in com para
tively weak fields. This p roperty  is reflected in 
the perm eability  curves, the  perm eability  of 
specimen 15 being 1,021 e.g.s. a t  a  force of only 
2.25 e.g.s.

This is a  p roperty  common to  alloys possessing 
very low hysteresis loss, namely, th ey  a re  very 
perm eable in  weak fields, b u t they  are  no t any 
more perm eable th an  o rd inary  alloys in  strong 
fields.

H ysteresis loops were n ex t determ ined, and the 
m agnetic properties are given in Table V II. 
Owing to  the  m agnetic hardness of some of the 
specimens, th e  hysteresis loops could no t be



determ ined betw een th e  lim its of B =  10,000 m ax
wells. The lim its of induction  between which the  
loops w ere determ ined are  given in  the  first 
column of Table V II. However, i t  m ust no t be 
supposed th a t  the  hysteresis loss is d irectly  pro
portional to  th e  lim its of induction  between 
which the  loop is determ ined, since th e  loop 
becomes very narrow  a t  its  ex trem ities.
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T a b l e  V III.— Composition of the Manganese Series.

Specimen Mn. Si. T.C. C.C. G.C.

Ml .. 0.235 1.724 2.64 1.35 1.29
M2 .. 0.63 1.736 2.82 1.38 1.44
M3 .. 1.07 1.727 2.69 1.49 1 .2
M4 .. 1.49 1.705 2.73 1.41 1.32
M5 .. 2.66 1.466 2.65 2.65 nil

T a b l e  IX .— Magnetic Properties of Manganese Series.

Specimen B max. H max. p, max. H for a  
max.

Reman- 
ence.

ML 10.900 100.13 264 15 4950
M2 11,225 99.96 260 17.2 4960
M3 11,016 99.59 241.2 20.2 5420
M4 10,240 93.9 234 16.6 5090
M5 8,420 100.0 160 30 4600

Thus, w ith  th e  exception of specim en 11, 
silicon reduces th e  coercive force and the  
hysteresis loss. The hysteresis loss of specim en 15 
is exceptionally  low, and i t  is rem arkable since it 
occurs in  an alloy which is in  th e  cast s ta te .

The Effect of M anganese.
In  o rder to  inves tiga te  th e  effect of m anganese 

an the  m agnetic p roperties of cas t iron , the  
m anganese was varied  w hilst th e  silicon was kep t 
constan t. The silicon was added to  give sound
ness and to  m ake th e  specimens so ft and 
m achinable.

The chemical composition of th e  specimens is 
given in  Table V III .

The m agnetisa tion  and  perm eab ility  curves are  
given in F ig . 5, and the  m agnetic p ropertie s in 
Table IX .
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I t  is seen from  the  curves th a t  m anganese is 
p rejudicial to good m agnetic p roperties and should 
be as low as possible when high induction  and 
high perm eability  a re  required . The decrease in 
the induction  w ith increasing m anganese con ten t 
is shown in Fig. 7. The specimens were then

0  1 . 0  2 . 0  3 . 0

Manganese - Per Cent

F i g . 7 .— E f f e c t  o f  M a n g a n e s e  o n  t h e  
I n d u c t io n .

annealed in  a  sim ilar m anner to the  previous 
specimens, namely, they  were surrounded by th e ir 
own tu rn in g s  in  a  closed iron  box, heated to 
875 deg. C. and allowed to  cool very slowly. The 
m agnetic p roperties of th e  annealed specimens 
are given in Table X , from  which i t  is seen th a t 
annealing  .slightly raises the  induction, the  slight ' 
increase being probably due to removal of stra in .

h 2
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M anganese increases the  hysteresis loss and the 
coercive force, b u t decreases the  m agnetic induc
tion and rem anen t m agnetism . Thus m anganese 
should be k ep t as low as possible, when cast iron 
having high perm eability , high m axim um  induc
tion and low hysteresis loss is required .

Influence of A lum inium .
A lum inium  was added to  A m erican washed iron 

to ascerta in  its effect on th e  m agnetic  p roperties 
of cast iron. A lum inium  behaves like silicon in

T a b l e  X I.—Composition of the Aluminium Series.

Speci
men. Al. Mn. Si. T.C. C.C. G.C.

A1 0.31 trace 0.047 3.09 3.06 0.0
\2 0.62 0.047 3.05 2.96 0.03
A3 1.03 0.046 2.84 1.34 1.59
A 5 1.23 0.045 2.56 1.91 0.6ÖIJ
A6 3.00 ,, 0.046 2.60 1.42 1.18

T a b l e  X II.—Magnetic Properties of the Aluminium  
Series.

Speci
men. B max. H ma x. [A max.

H for ¡a
max.

Remanent
magnetism.

Al 10,530 100.13 319 13.2 5900
A2 10,510 99.15 289 15.0 5660
A3 9,980 99.59 245 18.0 4940
A 5 8,780 99.25 125.5 42.75 3970
A6 7,950 101.03 105.2 38.5 4170

th a t i t  renders th e  iron sound and  prec ip ita tes 
g raph ite . Thus silicon is no t necessary. The 
analyses of th e  first series of specim ens is given 
in Table X I.

Specim ens A l, A2 an d  A3 were annealed  a t 
900 deg. C. for fifteen m inu tes before m achining. 
The m agnetisa tion  and  perm eability  curves are 
given in F ig . 8, and  a sum m ary of th e  m agnetic 
properties is given in  Table X II.

Thus there  is a  steady decrease in th e  m aximum 
induction  and rem anen t m agnetism  as the 
alum inium  con ten t is increased. The effect of 
annealing  is very pronounced, the  curves for 
specimens A5 and A6 being very much lower than  
those of the  annealed specimens.



F i g , 8 .— T h e  M a g n e t ic  P r o p e r t ie s  o f  t h e  A l u m i n iu m  S e r i e s .



198

Before tak in g ' hysteresis loops, th e  specimens 
were annealed  in  th e ir  own tu rn in g s  a t  875 deg. 
C. and allowed to  cool very slowly. P rim ary  
m agnetisation  curves and ly s te re s is  loops were 
then determ ined . A sum m ary of m agnetic pro
perties is given in  Table X I I I .

T here is an increase in the  m axim um  induction , 
m aximum perm eability  and rem anence of speci
mens A l, A2 and  A3 on annealing . This is due 
to fu r th e r  g raph isa tion  of these alloys. Up to

T a b l e  XIII.'—Magnetic Properties of Heat-Treated 
Aluminium Series.

Specimen. B max. H max. Remanence. p  max.

Al 10,700 102.7 6210 360
A2 10,540 101.1 5990 321
A3 10,370 100.13 5760 312
A 5 13,470 99.4 4800 1045
A6 12,850 100.7 4600 1030

T a b l e  XIV.—Graphite Content and Magnetic Properties 
of two Aluminium Alloys before and after Heat-Treat- 
ment.

Cast condition. Annealed.

Speci
men. b1max.

H for
Pmax.

Graphite. Pmax.
H for

Pmax.
Graphite.

A5
A6

125.5
105.2

42.75
38.5

0.65
1.18

1045
1030

2.5
3.0

2.1
2.45

1 per cent, alum in ium  causes a sligh t decrease in 
the induction , b u t th e  m ost noticeable fe a tu re  is 
the ex tiem ely  high induction  of specimens A5 and 
A6. In  the  cast condition th e  inductions of these 
specimens were 8,776 and 7,950 e.g.s. respectively, 
whereas in th e  annealed condition they  are 
13,470 and  12,850 e.g .s. respectively. Moreover, 
the perm eability  of these specimens has been 
increased tenfo ld  by annealing , as shown in 
Table X IV , which also gives th e  g rap h ite  analysis 
of th e  specimens before and a f te r  annealing .

The m agnetisa tion  and perm eab ility  curves for 
specimens A5 and A6 in  th e  annealed  condition 
a re  shown in F ig . 8. The extrem ely  h igh induc
tion of these specimens is largely  due to  th e  small
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am ount of combined carbon, and to  the d is tribu 
tion of th e  g raph ite . Table XY gives a sum m ary 
of th e  properties of these specimens.

A lum inium , up to  1 per cen t., apparen tly  
increases both the  coercive force and the 
hysteresis loss, bu t fu r th e r addition causes a  con
siderable decrease. The coercive force and
hysteresis loss of specimens A5 and  A6 are  very

T a b l e  XV.—Hysteresis Losses of the Aluminium Series.

Speci
men.

Coercive
force.

Hysteresis loss 
in ergs/c.c. per 
cycle for B =  

10,000

Loss in 
Watts per 

lb. of 
metal.

Density.

AX 9.9 28,000 16.778 7.572
A2 13.0 36,210 21.590 7.611
A3 12.4 36,100 22.090 7.375
A 5 3.4 9,000 5.908 6.908
A6 2.7 7,100 4.716 6.809

T a b l e  XVI.—Composition of Second Series of Aluminium  
Alloys.

Speci
men. Al. T.C. C.C. G.C. Si. Mn.

A7 0.865 3.61 1.35 2.26 0.03 Trace
A9 1.52 3.63 1.48 2.15 0.03
A10 2.23 3.52 1.63 1.89 0.02
A ll 2.50 3.64 1.34 2.30 0.023
A12 2.83 3.50 1.59 1.91 0.025
A13 3.60 3.61 1.36 2.25 0.018
A14 4.09 3.42 1.57 1.85 0.02 • »

little  g rea te r th an  those of soft iron. Alloys con
ta in in g  from 1 to 4 per cent, of alum inium  were 
then  p repared  and tested  in  the  cast condition. 
The analysis of these specimens is given in
Table X V I.

The p rim ary  m agnetisation  and perm eability
curves are  given in  F ig . 9, and a sum m ary of the
m agnetic p roperties is given in Table X V II.

Thus alum inium  decreases the  maximum induc
tion, th e  maxim um  perm eability , and th e  rem anent 
magnetism . The m agnetic properties obtained 
from th e  hysteresis loops are given in
Table X V III.
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Except in  th e  case of specimen A7, alum inium  
increased the  coercive force. The hysteresis loss 
first decreases and th en  increases.

Effect of C hrom ium .
In  ad d itio n  to  th e  chrom ium , silicon had  to  be 

added to  th e  washed iron in o rder to  m ake the



specimens sound and m achinable. A g rea t deal 
of difficulty was experienced in  m aking these 
specimens, they  had  to  be prepared  in  two heats,
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T a b l e  XYTI.— M agnetic Properties o f the Second Series 
o f A lu m in iu m  Alloys.

Speci
men. B max. H max. max.

H for p. 
max. Remanence.

A7 9450 98.35 196 19.88 3850
A9 9155 100.13 199 16.20 3850
A10 8750 98.35 165 20.56 3580
A ll 8440 104.80 158 18.12 3500
A12 8140 93.70 134 26.0 3040
A13 7260 98.31 109 32.36 3410
A14 6660 98.33 87 41.30 3210

T a b l e  X VIII.— Hysteresis Losses o f Second Series o f 
A lu m in iu m  Alloys.

Speci
men.

Limits of 
induction 
between 

which the 
loop was 

determined

Coer
cive

force.

Hysteresis 
loss in ergs/ 
c.e./ cycle.

Loss in 
Watts 

per 
lb. of 
metal.

Density.

A7 9600 13.4 31,750 20.213 7.123
A9 9100 12.7 30,335 20.083 6.851
A10 8800 14.4 30,810 19.453 7.184
A ll 8500 14.8 31,880 20.448 7.075
A12 8100 18.4 39,790 25.460 7.090
A13 Could no t be fit ted into the yoke. 6.753
A14 6700 24.6 41,540 28.433 6.627

T a b l e  XIX.—Composition o f Chrom ium  Series.

Speci
men. Si. Cr. Mn. T.C. C.C. G.C.

Cl 2.632 0.63 0.02 2.59 1.21 1.38
C2 3.627 1.06 Trace 2.42 0.94 1.48
C3 3.116 1.79 0.015 2.45 1.06 1.39
C6 1.71 7.51 0.01 2.10 2.10 nil

and they contained am ounts of silicon varying 
from  1.7 pier cen t, to  3.6 per cent. The analysis 
of the specimens is given in Table X IX , and the 
m agnetisation  and  perm eability  curves are shown 
in F ig . 10.
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F i g . 10 .
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A sum m ary of the  chief m agnetic properties is 
given in Table X X , from which i t  is seen th a t  
chrom ium  is p re jud icial to  good m agnetic 
properties.

I t  is difficult to draw  accurate conclusions from 
specimens C l, C2, and  03, owing to  th e  varying 
am ounts of silicon. The induction of specimen C2 
is h igh  owing to  th e  large percentage of silicon,

T a b l e  XX.—Magnetic Properties of the Chromium Series.

Speci
men. B max. H max. [Xmax. Hfor ¡j. 

max.
Remanent

magnetism.

Cl 9,925 97.43 231 15.1 4460
C2 10,970 96.58 330 13.1 5150
03 9,920 99.07 229.7 17.4 4160
06 6,120 99.6 80 45 3310

T a b l e  X XI.—Hysteresis Losses of the Chromium Series.

Speci
men.

Rem
anent
mag

netism.

Coer
cive
force.

Hysteresis 
loss in ergs/ 

c.c. per 
cycle for B 

. =  10,000.

Hysteresis 
loss in Watts 
per lb. of 

metal.
Density.

Cl 5550 11.8 31,130 19.802 7.271
02 5290 10.0 29,000 18.72 7.082
03 4960 8.7 21,000 14.988 7.270
06 3350 33.0 45,350 27.642 7.537

w hilst the  induction  of specimen C3 is no t very 
much less th a n  th a t  of specimen 01, because the 
form er contains 0.5 per cent, more silicon th an  the  
la tte r . The addition  of chrom ium  decreases the  
maxim um  perm eability  of th e  rem anen t mag
netism , and  increases th e  force a t  which th is 
m axim um  perm eability  occurs.

In  th e  hysteresis tests, chrom ium  appears to in 
crease th e  coercive force and hysteresis loss, as 
shown in Table XXI.

Non-M agnetic Alloys.
Several bars contain ing various percentages of 

nickel were cast in o rder to  determ ine the  effect of 
th is  elem ent on the  m agnetic properties of cast 
iron. However, only one of these bars could be
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m achined. I t  is well known th a t  nickel lowers the 
therm al transfo rm ation  points of steel. Conse
quently  a series of alloys con ta in ing  progressively 
increasing am ounts of nickel will be m artensitic

F i g . 13.

F i g . 14 .

over a considerable range of composition. The 
bars in th is  m artensitic  range canno t be tu rned  
in a lathe. The bar which was machined consists 
m ainly of austen ite . The analysis (Specimen N3) 
is as follow s: —
Speci
men. Ni. Si. Mn. T.C. C.C. G.C. P.

M3 12.35 1.30 0.025 2.56 1.16 1.4 _
F 10.00 2.57 2.04 2.20 0.59 1.61 1.96
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Specimen F  was made a f te r  seeing a  short 
parag raph  in  th e  technical Press on “ N o-M ag,” 
which is a p a ten ted  non-m agnetic cas t iron made 
by Messrs. F e rra n ti. The p a rag rap h  s ta ted  th a t  
“ No-mag ”  consisted of 80 per cent, of cas t iron, 
the additions being nickel and m anganese, and 
th a t  i t  was cast in to  very th in  sections. The 
m icro-structure of Specimen N3 is shown in F ig . 11, 
from which i t  will be noticed th a t  th e  ground mass 
is au sten ite , and  th a t  th e re  is a  small am ount of

F i g . 16 .

carbide present. Thus nickel causes th e  iron to 
rem ain  in  th e  au sten itic  condition  and conse
quently  th e  iron is n o n m ag n e tic . T he miero- 
s tru o tu re  of Specim en F , shown in  F ig . 1 2 , con
sists of au sten ite  con ta in ing  a li tt le  m artensite , 
an in te r-g ran u la r co n stitu en t consisting  of a  m ix
tu r e  of cem entite  and  phosphide eu tec tic , and 
g raph ite . The presence of th is  m arten s ite  m ade 
th e  iron extrem ely h a rd  and  difficult to  m achine.

The m agnetic p roperties of “  N3 ” and “ F  ”



are  shown in  Figs. 13 and 14 respectively, from 
which i t  will bo seen th a t  the  specimens a re  feebly 
n iagnetic. Table X X II gives th e  chief m agnetic 
p roperties of th e  specimens. I t  should be noted
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T a b l e  X XII.—Magnetic Properties of Two Nickel Alloys 
of Cast Iron.

Specimen B
max.

H
max. !-*•max.

H for 
U,max.

Remanent
magnetism.

N3 (as cast) 419 99.15 4.6 60 6
Fi 377 99.61 3.8 60 nil
N 3 \annealed / 3140 103.2 35.0 . 57 1330
F J a t 875°C.\ 3280 105.5 33.7 46 1630

th a t  the  perm eability  scale in  Figs. 13 and  14 is 
ten  tim es the scale used in previous figures.

T a b l e  XXIII.-—Magnetic Properties of Black Heart 
Malleable Iron.

B max. H for
Specimen. (H =  100) p. max. pm ax.

M.J. 15,150 2,140 3.0
M.K. 14,950 1,490 3.24

These specimens become m agnetic on annealing, 
due to  th e  austen itic  b reaking up and producing

T a b l e  XXIV.—Hysteresis Losses of Malleable Iron.

Speci
men,

Limits of 
induction 
between 

which loss 
was deter

mined.

Coer
cive

force.

Hysteresis 
loss in ergs 
per c.c. 

per cycle.

Hysteresis 
loss in 

Watts per 
lb.

Density

1

10,500
10,000

2.17
2.36

6,799
7,010

4.235
4.380

7.281
7.259

m artensite . The s tru c tu re  of Specimen N3, afte r 
annealing  is shown in  F ig. 15.

M alleable Cast Iron.
Two specimens of black h ea rt malleable cast 

iron, kindly supplied by Messrs. Leys M alleable 
C astings Company, L im ited, of Derby, were tested.
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The analysis is given in  th e  tab le  below, whilst 
the  p rim ary  m agnetisa tion  and perm eability  curves 
a re  shown in F ig . 16.

F i g . 1 7 .— S p e c im e n  5 , E t c h e d  x 1 0 0 .

Speci
men. T.C. G.C. C.C. Si. Mn. S. P.

M.J.
M.K.

2.24
2.29

2.16
2.24

0.08
0.05

0.89
0.97

0.29
0.30

0.036
0.036

0.123
0.123

A sum m ary of th e  m agnetic p roperties obtained 
from these curves is given in  Table X X II I , 

H ysteresis losses were determ ined , the  resu lts of 
the  tes ts  being given in Table X X IV .
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Thus black h e a rt malleable cast iron has a  very 
h igh induction  and  perm eability  combined with 
low hysteresis-loss, and low coercive force.

F i g .  1 8 .— S p e c i m e n  6 ,  E t c h e d  x  100 .

The R elationship Between the S tructure of Cas t Iron 
and its M agnetic Properties.

The m agnetic p roperties of cast iron depend to 
a very g rea t ex ten t upon its stru c tu re . C onsidera
tion  of both s tru c tu re  and chemical composition 
is necessary if results are  to  be in te rp re ted  cor
rectly, otherwise m agnetism  would appear to  be
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a very capricious p roperty . A few photo-m icro
graphs a re  given to  illu s tra te  th e  p rincip les under
lying th e  re la tionsh ip  between s tru c tu re  and 
m agnetism .

Figs. 17, 18 and 19 show th e  m icro-structures 
of Specimens 5, 6 and  10. Specim en 10 is in the 
cast s ta te , and has a p earlitic  g round mass, while 
Specimens 5 and 6 have been annealed , and con
sist m ainly of fe rrite . The m icro-structures of 
Specimens M3, M5, A5 and CG are  illu s tra ted  by 
Figs. 20, 21, 22 and 23 respectively. All these

F i g . 1 9 .— -Sp e c im e n  10 , U n e t c h e d  x  100 .

specimens have a pearlitic  g round  mass, and free 
cem entite  is also noticed.

Thus for the  highest m agnetic-induction  and per
m eability  a  fe r r ite  ground mass is essential. The 
am o u n t’ of p earlite  should be as low as possible. 
The presence of free cem entite  is a sure ind ication  
of low m agnetic  induction , and  should be avoided 
a t  all costs when high perm eability  is requ ired . 
The presence of free carbide also ind icates high 
coercive force, high hysteresis loss, and  low 
rem anen t m agnetism .

The s tru c tu ra l change in  Specim ens A5 and AG 
on annealing  is illu s tra ted  by Figs. 24 and 25. 
(Com pare F igs. 22 and 24). The carbide has de
composed, leaving the  g rap h ite  as small nodules in



211

a ground  mass of alum ino-ferrite. The perm ea
bility of these specimens was increased tenfold by 
th is  change, th e  induction  was doubled, and the  
hysteresis loss was decreased to  less th a n  10,000 
ergs. The hysteresis loss of these specimens in  the  
east condition would probably have been well over
30,000 ergs. The h igh  induction, high per
m eability and low hysteresis loss of these specimens

F ig . 20.— S p e c i m e n  M3, E t c h e d  x  100.

is due to  th e  large am ount of fe rrite  and  the 
presence of all th e  carbon in  the  nodular form as 
tem per carbon. The m icro-structure  of Specimen 
M .J. is shown in  F ig . 26, from  which i t  is seen 
th a t  th is  specimen consists of fe r rite  g ra in s and 
tem per carbon. The s tru c tu re  readily  explains the 
high induction, high perm eability  and the  low 
hysteresis loss of th is  specimen.

Sum m ary and Conclusions.
1. The highest m agnetic induction and  perm e

ab ility  a re  obtained w ith cast iron which has 
been annealed. In  the  extrem e case the m agnetic 
induction was increased 70 per cent, and the
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m axim um  perm eability  was increased tenfold  on 
annealing .

2. W hen high perm eability  is requ ired , the  
g rap h ite  should be in th e  form  of tem per carbon, 
as litt le  combined carbon as possible should be 
p resen t, and free cem entite  m ust be absent.

3. In  th e  east s ta te , silicon decreases th e  mag-

F i g . 21.—S p e c i m e n  M5, E t c h e d  x  100.

netic  induction , b u t its  presence m ay be ad v an 
tageous in  alloys which have to  work a t  low flux 
densities (e.g., tran sfo rm er cores). Specim en 15 
is an  exam ple of an alloy which is very m agnetic  
in  com paratively  weak fields, hav ing  a  perm e
ab ility  of over 1,000 e.g.s. a t  a field s tren g th  of
2.0 gauss.

4. B oth in  the  cast and annealed conditions 
silicon reduces th e  coercive force and the  hysteresis 
loss. I n  th e  case of Specim ens 10 and 15, th e  
hysteresis losses a re  rem arkably  low, being equal to 
th a t  of very soft iron. In  th e  case of Specim en 15,
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th e  low hysteresis loss is remiarkablei, since i t  
occurs in a cast alloy.

5. Both in  th e  cast and  annealed conditions 
m anganese, nickel and chrom ium  are  prejudicial 
to  h igh m agnetic induction.

6. In  th e  annealed condition m anganese and

F i g . 22.— S p e c i m e n  A5, E t c h e d  X  100.

chrom ium  increase th e  coercive force and 
hysteresis loss and decrease th e  rem anent 
m agnetism.

7. In  th e  cast s ta te  alum inium  decreases the  
m agnetic induction, perm eability and rem anent 
magnetism , and increases the  coercive force and 
th e  hysteresis loss.

8. In  th e  annealed condition alum inium , in 
am ounts up to  1 per cent., decreases the  m agnetic 
induction and  the  maxim um  perm eability , b u t in
creases the  coercive force and hysteresis loss. 
W hen p resen t in  am ounts from 1 to 3 per cent.,
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however, alum inium  causes a huge increase in  the  
induction  and  perm eability , Specim ens A5 and A6 
having  inductions of over 13,000 e.g.s. and 
perm eabilities of over 1,000 e.g.s. I t  also causes a 
heavy decrease in th e  coercive force and  hysteresis 
loss. ' The coercive force and  hysteresis loss of 
Specim ens A5 and  A6 a re  very li t t le  g rea te r th an  
those of so ft iron.

F i g .  2 3 .— S p e c i m e n  0 6 ,  E t c h e d  x  1 0 0 .

9. The presence of sufficient nickel, o r nickel 
and m anganese, makes cast iron  non-mag- 
netic. Sufficient of these elem ents m ust be 
added to ren d er th e  iron  en tire ly  au sten itic , the  
presence of m arten s ite  m aking  th e  iron feebly m ag
netic, h a rd  and  difficult to  m achine. An easily 
m achinable non-m agnetic cast iron  could be m ade 
by hav ing  nickel and  m anganese p resen t in  such 
proportions th a t  th e  combined effect of these two 
elem ents on th e  carbon is negligible. Sufficient 
silicon would th e n  be added to  p rec ip ita te  ju s t 
sufficient g rap h ite  to  give th e  requ ired  s tren g th , 
m achining properties, surface, etc.
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10. M alleable cast iron possesses high induction 
and perm eability  and low hysteresis loss and coer
cive force.

11. The presence of g raph ite  does not prevent 
the  a tta in m e n t of low hysteresis losses, bu t when 
high perm eability  and induction are required, the  
am ount of g raph ite  should be as small as possible.

F i g .  2 4 .— S p e c i m e n  A5, E t c h e d  x  100 .

Thus the  high perm eability  (2,500 c.g.s.) of black 
h ea rt malleable cast iron is due to th e  small per
centage of g rap h ite , and pearlite .

In  an a rtic le  in  the  “  E lectric ian  ” of A ugust 7, 
1925, M r. O’N eill deplored the  lack of inform a
tion  on th e  m agnetic p roperties of cast iron, and 
urged th a t  th is  m ateria l ought to  be studied from 
th e  s tandpo in t of its m agnetic properties. He 
s ta ted  th a t  “ m ost grey irons have a hysteresis 
loss of from 30,000-40,000 ergs per c.e. per cycle, 
although H opkinson reports tests on a bar of th is 
m ateria l (analysis no t given) showing an energy
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loss of only 13,000 ergs. The coercive force of his 
sam ple was only 3.8, so th a t  its  behaviour was 
surprising ly  sim ilar to  th a t  of cast p u re  iro n .”  
This sta tem en t is typ ical of th e  general opinion, 
formed 25 years ago, of th e  m agnetic  p roperties of 
cast iron. ’ The au th o r has endeavoured to  prove 
th a t  th e  above s ta tem en t by no m eans applies to

F i g . 25.— S p e c i m e n  A6, E t c h e d  x  100.

all cast irons, and  th a t  i t  is possible to  produce 
cast iron  w ith a hysteresis loss equal to  th a t  of 
soft iron, ce rta in ly  less th a n  th a t  of w rought iron 
or m ild steel. T his class of cast iron  should enable 
cast-iron fram es to  be used in  th e  elec trical indus
try . Foies could th en  be cas t w ith th e  fram e, thus 
avoiding jo in ts , which a re  very undesirable . C ast 
iron has the  advan tage  of high elec trica l resist
ance. The resistance of Specim en 15 is about 
eighteen  tim es th e  resistance of a sim ilar b a r of 
soft iron. This high resistance would reduce th e  
eddy cu rren ts  in th e  case of a lte rn a tin g  c u rre n t
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generators, th u s  resu lting  in  considerable saving. 
C ast iron also has th e  advan tage  of cheapness, 
convenient casting  properties and low m elting 
point. A g re a t d isadvantage of cast iron in  the  
cast s ta te  is th e  relatively  low induction  and 
perm eability  com pared w ith black h e a rt m alleable 
iron. H owever, when cast iron is m alleabilised in

F i g . 26.—S p e c i m e n  M .J ., E t c h e d  x  100.

order to  produce high induction  and high perm e
ability , the  electrical resistance is g rea tly  reduced, 
being only some th ree  tim es th e  resistance of soft 
iron. However, th e  au th o r doubts w hether i t  
would be economical to  produce a malleable cast- 
iron fram e for an  electric a lte rna to r.

In  conclusion, th e  au thor wishes to  th an k  P ro 
fessor T urner n o t only for ind ica ting  such an 
in teresting  subject, b u t also for his kind in terest 
in the  work and for his m any valuable suggestions. 
H e also desires to th an k  Professor S. W. J .  Sm ith 
for giving every facility  for carry ing  ou t th e  mag
netic determ inations, and for his kind in terest in
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th e  work, which has been carried  o u t in th e  M etal
lu rg ical and Physical L aboratories of th e  U niver
sity  of B irm ingham , w ith the  assistance of a  g ra n t 
from  the  D ep artm en t of Scientific and  in d u s
tr ia l  R esearch. The au th o r is indebted  to  the 
staffs of th e  L aboratories and  to  his fellow research 
workers for help and encouragem ent. H is th an k s 
a re  also due to  the B ritish  C ast Iro n  R esearch 
A ssociation, and  particu la rly  to  M r. S. E . Daw
son, M ember of Council of th a t  Association.

DISCUSSION.

The P r e s i d e n t  raised  objection to the  use o f  
the  w ord “ annealed ”  th ro u g h o u t th e  P ap e r, and 
suggested th a t  th e  expression “  h e a t tr e a te d  ” 
should have been used, because in prac tice  an n ea l
ing was associated w ith  a  m uch longer process 
th a n  th a t  described in  th e  P ap er.

M r. S. E . D a w s o n  (M essrs. F e rra n ti ,  L td .), 
in expressing agreem ent w ith th e  P res id en t 
as to  th e  use of th e  w ord “  an n ea lin g ,” 
said th a t  in connection w ith  non-m agnetic cast 
irons th e  use of th e  word, in  its  o rd inarily  
accepted sense, was qu ite  wrong, as they  could 
n o t be annealed  by long h e a t t r e a tm e n t ; as a 
m a tte r  of fact, one did ju s t  the reverse, and 
quenched. W ith  o rd in a ry  cast iron  th e  m eta l was 
heated  up and  allowed to  cool very slowly over a 
long period, b u t since non-m agnetic cas t iron con
sisted  m ainly  of au sten ite  which was converted by 
h ea t in to  m arten site , the  effect of th is  operation  
would be to  thereby  produce some sm all am ount 
of m arten site  which would render th e  m a te ria l 
slightly  m agnetic and  h a rd , and i t  could only be 
re-converted in to  austen ite  and  th e  so ft condition 
by re-heating  and quenching. H e also po in ted  
o u t th a t  h e a t was n o t th e  only fac to r in b ring ing  
about th is  change, since excessive m echanical work 
has th e  same effect, probably due to  th e  fo rm ation  
of s tra in s  in th e  austen ite . This was to  be seen 
on th e  sm all tu rn in g s  which were rendered  slightly  
m agnetic  when non-m agnetic cast iron  was rough 
m achined, the  tu rn in g s  being slightly  converted 
in to  m arten site  so th a t the  perm eability  m igh t be 
as h ig h  as 10 although the  casting  itself was n o t 
affected. Such a degree of change was, of course,
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only slight com pared w ith  th e  usual cast iron 
perm eability  of 300 o r more. These tu rn in g s  re 
tu rn e d  to' th e ir  u n ity  perm eability  on heating  
and  quenching as described.

R eferrin g  to  Specim en F  in  th e  P ap er (page 8) 
and the  a u th o r’s s ta tem en t th a t  i t  was m ade a fte r 
seeing a  notice in  th e  technical Press regard ing  
“ N om ag,”  i t  was c lear from  th e  analyses shown 
th a t  th is  specim en was n o t in  accordance with 
th a t  m ateria l, which was 10 per cen t, nickel and 
5 per cent, m anganese, w hereas th e  specimen made 
by M r. P a rtr id g e  con tained  only 2.04 p e r cent, 
m anganese. This specim en would no t be entirely  
non-m agnetie, because i t  was necessary to  have a 
m inim um  con ten t of about 10 per cent, m an
ganese effect m ade up e ith e r in th e  form  of m an
ganese itself o r the  equivalent of nickel which was 
h a lf as s trong  as m anganese in th is  respect. For 
exam ple, 10 per cen t, nickel and 5 per cent, m an 
ganese gave a to ta l m anganese effect of 10 per 
cen t. (5 per cent, due to  the nickel and 5 per cent, 
due to  th e  m anganese). The Specimen F  ind i
cated  by M r. P a rtr id g e  contained a to ta l of only
7.04 per cent. (5 p e r cen t, due to  th e  nickel and
2.04 per cent, due to  th e  m anganese itself).

A non-m agnetic iron made wholly of m anganese 
would, of course, be extrem ely h a rd  and  unusable, 
b u t 10 per cent, nickel and 5 per cent, m anganese 
gives both a non-m agnetic and a m achinable iron.

WRITTEN CONTRIBUTION.

M r. H . F ield  (W illenhall) w rote th a t  he thanked  
th e  au th o r for a very notable con tribu tion  to  the 
l i te ra tu re  on th is  subject. M any of th e  facts 
which he has noted already find application  in 
th e  industry , b u t o ther p a rts , and  especially the 
section on alum inium , are  of th e  g rea test in terest.

I t  was to  be reg re tted  th a t  some of th e  bars in 
Table I did no t rep resen t irons which were com
m ercially practicable. Once again  th e  use of the 
crucible for m elting  has led to  th e  carry ing out 
of lo n g  experim ents on irons w ith to ta l carbon 
conten t lower th an  can  be obtained in commercial 
m elting practice. This leads to  a fu r th e r factor 
in th e  very high combined carbon which is asso
ciated  w ith low to ta l carbon, for instance, in



s

sam ples S 8, S 9 and  S 10, th e re  is a combined 
carbon m ore th a n  tw ice as high as is obtained 
in  p ractice in  one-inch d iam eter bars w ith  over
2.5 per cent, silicon. By th is  m eans th e  au th o r is 
led to  suggest annealing  where none should be 
requ ired , as the combined carbons of S 3, S 4, S 5 
and  S 6 can be obtained in  o rd inary  cast m etal 
of these silicon con ten ts and  dim ensions.

In  Table V, th e  ea rlie r bars con ta in  more 
norm al to ta l carbon, b u t here again  th e  combined 
carbon is abnorm ally high, as in com m ercial m etal 
w ith 3.4 p er cent, silicon th e  combined carbon 
m practice would not exceed 0.25 per cent. I f  the  
au th o r ob ta ins 1.17 per cent, combined carbon in 
a one-inch d iam eter b ar how would he produce 
m achinable castings |- in . th ick?

I t  is u n fo rtu n a te  th a t  such m etals a re  chosen 
for a research of th is  k ind , as th ey  largely  dis
coun t the  p rac tica l value of th e  resu lts  obtained.

In  a la te r  p a rag rap h  of th e  paper th e  au th o r 
refers to  “ N om ag,” a p a ten ted  non-m agnetic cast 
iron, and rep o rts  th a t  a  somewhat sim ilar alloy 
which he m ade w as “ h a rd  and  difficult to 
m ach ine .” In  fairness to  Messrs. F e rra n ti,  i t  
should be pointed  ou t th a t  “ Nomag ” is as soft 
as o rd inary  cast iron.

U nder th e  heading, “ M alleable C ast I ro n ,”  the 
au th o r speciafically deals w ith  b lackheart m alle
able, b u t m akes no m ention of E u ropean  m alle
able, T his is ra th e r  h a rd  on our English  pro
duct, w hich is already having  an uphill fight for 
existence. A ctually  th e  curve given in  F ig . 16 
is no b e tte r  th a n  th a t  regularly  ob tained  on well- 
annealed w h itehea rt m alleable cast iron, which can 
be made alm ost equal in perm eability  to  m ild steel.
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M r. J .  G. P earce (D irector, B .C .I .R .A .), w rote 
„ th a t doubtless some critic ism  will have been raised 
on account of the fac t th a t  th e  au th o r of th is 
paper has no t dealt w ith cas t irons, b u t w ith 
synthetic  m ixtures of a pu re  iron carbon alloy and 
th e  various elem ents, th e  influence of which he 
desired to  determ ine. F rom  th is p o in t of view the 
t i t le  of th e  paper w ill appear m isleading.

In  dealing, however, w ith  such an  alloy as cast 
iron, i t  is necessary to  m ake such prelim inary  
tests, bu t i t  is equally im p o rtan t th a t  they  should
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be produced aud  trea ted  in  a commercial way, 
p articu la rly  when dealing w ith th e  influence of the 
add ition  of special elements. I t  is a t  th is  stage in 
a piece of work of th is charac te r a t  which the  
C ast Iro n  R esearch Association should consider 
com pleting th e  work, and th is  m atte r is under 
consideration.
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London Branch.

ELECTRICALLY-PRODUCED BLACKHEART  
MALLEABLE.

By F. A. M elm oth (Mappin M edallist) (M ember).
M alleable iron, p a rticu la rly  in  th is  country , has 

been, and still is, looked upon by engineers and 
designers as a  m ate ria l possessing very definite 
shortcom ings. I ts  use is th ere fo re  stric tly  lim ited, 
and its scope of applicability , r a th e r  th a n  increas
ing, is decreasing, m ainly owing to  th e  extended 
use of steel castings and stam pings. The most 
common com plain t reg istered  a g a in s t it  is th a t  of 
irreg u la rity , and one is a fra id  the  ju s tice  of the 
im peachm ent has very often  to  be adm itted .

In  sp ite  of th e  work by D r. H atfield  and  others, 
th e  fundam entals of malleable cast iron  do not 
appear ye t to  be fully e lucidated , w ith  th e  inev it
able resu lt th a t  difficulty and ir re g u la r ity  in its 
production a re  s till experienced.

T u rn ing  to  the  b lack lieart v a rie ty  of th is  pro
duct, research, more p a rticu la rly  in  Am erica, has 
succeeded in solving many of th e  fundam enta ls 
associated w ith th e  m ateria l, and th e  p roduct 
being ihore regular, its field of application  has corre
spondingly enlarged, b lack lieart m alleable hav ing  
become one of A m erica’s most im p o rtan t ferrous 
products.

Some tim e ago, largely owing to troubles experi
enced w ith  malleable iron, i t  became necessary for 
the  w rite r’s firm to  consider seriously th e  p roduc
tion  of its  own requ irem ents in th is m ateria l.

Obviously, a decision had  first of all to  be 
arrived  a t  as to  which type  of m alleable offered th e  
most prom ising field for developm ent, always b ear
ing in m ind m ateria ls  and equipm ent available, 
together w ith  probable production  costs. I t  was 
desired, if practicable , to  b ring  ex isting  electric 
m elting equipm ent into action on th is  p roduct.

A fter prolonged investigation  in to  th e  rival 
claim s of b lack lieart versus w h iteh ea rt, i t  was 
decided to  proceed w ith  b lack lieart .m aterial, and
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endeavour to  tr y  o u t thoroughly th e  possibilities 
of its  m anu factu re  in th e  electric furnace.

The decision was based on the  following assump
tio n s;.—(1) Under given conditions th e  production 
of b lackheart malleable is more certa in  th an  is the 
case w ith w h ite h e a rt; (2) the  te s t results available 
in  correct m ateria l of e ith e r type  are  of a h igher 
s tan d a rd  in  b la c k h e a rt; (3) th e  reg u la rity  of th e  
p roduc t w ith vary ing  thicknesses of section is more 
m arked in  th e  case of b lack h e a rt; (4) th e  terfipera- 
tu re  of annealing  is lower, and tim e  requ ired  less, 
which spells econom y; and (5) th e  very heavy con
sum ption of annealing  pans in th e  w h iteheart pro
cess is considerably m itiga ted  by th e  facts in No. 4 
above.

M etal Production.

The m anufactu re  of the  necessary m etal can be 
approached from  e ith e r of two angles, th e  electric 
furnace being u tilised  : — (a.) Synthetically , by car- 
burising  steel scrap, and (6) by the  d irect m elting 
of pig-iron, and its ad justm en t to  th e  necessary 
composition.

The cost of pig-iron of the correct type, and 
th e  influence of tran sp o rt charges, rendered method 
(b) one of considerable doubt from  an economic 
po in t of viow. Investigations were therefore 
p rim arily  confined to  method (a).

The details of the  production of a w hite cast 
iron synthetically  in the  electric fu rnace  are  so 
well known th a t  space need n o t be occupied in 
en te r in g  closely in to  them , and the  w riter proposes 
to  deal only w ith th e  control which becomes neces
sary when such m ateria l has to  be of a type  which 
can be afterw ards malleablised to  the  b lackheart 
condition.

The fundam ental condition is th a t  th e  iron m ust 
be so correctly balanced in  its carbon and silicon 
conten ts th a t  the after-app lication  of the  neces
sary  tem p era tu re  for the  required  tim e will resu lt 
in th e  p rec ip ita tion  of practically  the  whole of the 
combined carbon as tem per carbon, by the  ca ta 
lytic action of the  silicon. The m ateria l a fte r 
annealing  will then  consist of a  m a trix  of silico- 
fe rrite , w ith scattered , finely-divided and nodular
shaped particles of tem per carbon. I t  should be 
noted th a t  whilst in the  w hiteheart varie ty  the
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inaileablising process is directly  th rough  the  
abstraction  of carbon by ox idation , no oxidising 
action is relied upon in  the  b laekheart process. 
A lthough a sligh t surface ox idation  of carhon is 
inevitable d u rin g  annealing , basically th e  process 
depends upon a change of condition of th e  carbon 
con ten t, induced by the effect of tem p e ra tu re  and 
tim e and  th e  silicon content.

T his change being a  very  delicately balanced 
action, and susceptible in th e  ex trem e to  va ria 
tions in conditions, control of carbon and  silicon 
becomes of the  u tm ost im portance.

A nalysis Sought.
The analysis range found to  be m ost su itable 

in  th e  h a rd  s ta te  is as fo llow s:—C arbon, 2.35 to  
2 .6; silicon, 0.80 to  1.00; m anganese, u nder 0 .8 ; 
su lphur, as low as possible, say 0.03; and  phos
phorus, 0.15 to 0.25 p er cent.

The carbon and silicon a re  of course somewhat 
variab le  in  th e ir  requ irem ent, and  depend largely 
upon th e  average sectional a rea  of th e  class of 
work being m ade. B earing  in  m ind th e  essential 
of a definitely w hite non -g raph itic  fra c tu re  in 
th e  casting  before annealing , i t  is possible, on very 
ligh t work, som ewhat to  increase th e  upper lim its 
of th e  range given above for these elem ents.

Influence of C om position.
Carbon .—The tensile  s tren g th  of b laekheart m al

leable is to  a  la rge  ex ten t inversely  p ropo rtional to 
its to ta l carbon conten t. This is due to  th e  fa c t of 
th e  co n tin u ity  of th e  tough  fe r r ite  m a trix  being 
in te rru p ted  to  a g rea te r or less degree by th e  p a r
ticles of tem per carbon. I t  follows, therefore , 
th a t  to  ob tain  th e  h ighest degree of s tren g th  th e  
carbon con ten t m ust be as low as is possible to  pro
duce—w ith  th e  silicon presen t— a m a te ria l, a fte r 
annealing , in which the  combined carbon has been 
alm ost en tire ly  dissociated from  th e  Fe,,C iron 
carbide form  to  free carbon and  free fe r r ite .

To obtain  th is re su lt i t  is possible, w ith in  reason
able lim its, inversely to  balance carbon and silicon 
contents. Thus, w ith a  low carbon co n ten t an d  a 
h igh silicon, o r  inversely w ith  a h igher carbon 
and lower silicon, th e  u ltim a te  end would be, 
w ith in  lim its, sim ilar.
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The po in t of param oun t im portance is th a t  no 
free carbon m ust ex is t in  th e  unannealed  s ta te  of 
th e  m ateria l, o r th e  re su lta n t p roduct a fte r  anneal
ing is quite  aocurately described technically as 
“  ro tte n .”

Silicon .—The function  of silicon is only th a t 
of a  oatalyser. I t s  presence in definite am ounts, 
som ewhat inversely proportional to  the  carbon, is 
essential to  th e  decomposition of the  iron carbide 
in to  free  iron and free  carbon d u ring  th e  anneal
ing process.

If  p resen t in too large a q u an tity  th e  liability  
to  th e  p rec ip ita tion  of g rap h ite  during  cooling 
from the  m olten condition is m arkedly increased. 
The percen tage allowable is also controlled to a 
considerable ex ten t by th e  average cross-sectional 
area  of th e  castings being made, and its am ount 
should vary  in inverse d irection to  th e  section.

M anganese .—The simple carb ide of iron F e 3C 
is more easily dissociated in to  its  components 
by the  action of heat, when unaccom panied 
by a double carbide, such as the  double carbide of 
iron and m anganese. The presence of m anganese 
in q u an tities  sufficient to produce appreciable 
am ounts of th e  double carbide certa in ly  appears 
to  re ta rd  annealing , and tends tow ards th e  form a
tion  of pearlite , th e  eu tec tic  m ix tu re  of iron car
bide and  iron. This produces a m arked inclina
tio n  in  th e  m ateria l tow ards “ band ing .” The 
presence of a g rea te r am ount of su lphur th an  is 
norm ally p resen t in  th e  electric-furnace product 
would probably, by accounting for p a r t  of the 
m anganese as m anganese sulphide, perm it of a 
somewhat h igher upper-lim it figure. W ith the 
very low su lphur ex isting  in electric-furnace white 
iron, the  au tho r has been unable to  detec t any 
real advan tage  in th e  use of manganese. If , as is 
sometimes claimed, i t  con tribu tes add itional 
s tren g th , i t  may be because it  tends tow ards the 
form ation of pearlite , a  constituen t pre-em inently 
of value in  w h iteheart, bu t of dubious benefit to 
b lackheart m ateria l.

Su lphur .—This, if p resen t in appreciable q u an ti
ties, is decidedly harm ful to  b lackheart malleable. 
This is on account of its  action in  tend ing  to  
stabilise th e  iron carbide content, which makes its

I
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tran s itio n  to  free carbon and free iron difficult by 
norm al methods of annealing.

The percen tage of m anganese p resen t would 
doubtless have a m odifying action in th is d irection , 
b u t the  objections to  the la t te r  elem ent previously 
s ta ted  m ake i t  advisable no t to  rely on th is  action, 
b u t ra th e r  to  keep su lphur con ten t as low in itia lly  
as is possible and commercial.

Phosphorus.—U p to  0.25 to  0.30 per cent, no 
d e trim en ta l effect has been d irectly  a ttr ib u ta b le  to  
th is elem ent. The reverse appears ra th e r  to  be the 
case, as it  has been notioed a t  tim es th a t  a low 
phosphorus con ten t has resu lted  in annealing  being 
more difficult. I t  can be assumed, therefo re , th a t  
up to  th e  lim its m entioned, th e  action  of phos
phorus is in  favour of th e  easy decom position of 
iron carb ide in to  its  com ponent elem ents.

Above these lim its th e  known action  of phos
phorus on the  fe r r ite  becomes noticeable, and the  
m a te ria l to  some ex ten t loses in  tensile  s treng th . 
The au th o r would also expect th a t  th e  capability  of 
th e  m ateria l to  res ist shock im pact would be les
sened, b u t has no figures to  offer to  confirm th is.

C hrom ium .—This elem ent can  be d ea lt w ith as 
an accidental im purity . I ts  action on iron c a r
bide is well known, and i t  would there fo re  never 
be in ten tionally  added to  b lackheart m alleable 
iron. I f  p resen t in  appreciable q u an titie s  i t  re 
sults in th e  alm ost complete re ten tio n  of th e  car
bon in the  combined condition, and annealing  in 
an im possibility. In  sm all q u an titie s  it? action is 
to  produce in  the m ateria l a strong  tendency to 
“  b an d in g .”

The influence of th e  various elem ents being 
approxim ately  as s ta ted  above, i t  becomes neces
sary  to  decide w hether or n o t th e  electric furnace 
is a  su itab le  m edium  for th e  p roduction  of 
the  m ateria l. More definitely, could th e  electric 
fu rnace  be relied  upon to  give th e  necessary con
tro l of composition in o rder th a t  the  elem ents 
m entioned would be consistently  k ep t w ith in  th e  
essential lim its?

The au th o r sta te s  w ith  confidence th a t  th e  range 
of analysis given can be easily conform ed to  in 
th e  electric  fu rnace. No serious troub le  was en
countered , and given some experience of electric 
m elting, no fea r of serious v a ria tio n s likely to  
affect annealing  need be en te rta in ed .



Silicon con ten t being vita l calls for special cau
tion . U nder th e  basic slags used th ere  is a te n 
dency fo r a p a r tia l absorption by th e  slag, which, 
however, can be counteracted  by th e  usual means 
of keeping th e  slags reducing, and controlling the 
tim e for which the  silicon con ten t is exposed to  
such action. .

Practical Results Obtained.

The m etal was found to  be fluid, and very sound. 
No abnorm al difficulties of casting  arose, and no 
in tric a te  special p recautions in m oulding were 
found to  be necessary. The au tho r is of opinion 
th a t  the  m etal does not demand th e  am ount of 
feeding to  produce a sound casting  usually found 
w ith  cupola-produced m etal. I t  appears to  be 
en tire ly  free from  gases likely to  produce unsound
ness in the casting , and the  am ount of superheat 
ob tainable in th e  electric fu rnace makes the pro
duction  of ligh t sections a com paratively easy 
m atte r . I t  possesses 110 undue tendency to  crack 
e ith e r du ring  o r a f te r  solidification, and compared 
w ith the  cupola p roduct appears very much 
stronger in the  hard  cast condition. This la t te r  
is quite  an im p o rtan t commercial fac to r, as i t  re 
duces appreciably possibilities of frac tu re  in 
handling  before annealing .

Potentialities of E lectrically-m ade M alleable.

Is th e  m ate ria l affected in  any  way by th e  elec
tr ic  fu rnace  atm osphere, or any possible arc action, 
which would cause i t  to  resist annealing  under o rd i
nary commercial conditions? A fter m aking some 
hundreds of tons of th e  m ateria l, th e  au tho r sug
gests th a t  no troub le  need be experienced if the 
following fundam entals a re  adhered to :  —

(1) The iron as cast m ust be en tire ly  free from 
free carbon ; (2) th e  carbon and silicon m ust be so 
balanced in th e ir  relative  proportions as to  pro
duce, when annealed, th e  almost complete dissocia
tion  of the  iron carb ide; (3) m anganese should be 
k e p t low ; and (4) su lphur as low as possible. These 
points refer only to  th e  m etal as such, and fu rth e r 
con tribu to ry  points bearing on th e  question will 
be d ea lt w ith la ter.

The au thor having satisfied himself under labora
to ry  conditions th a t  th e  m ateria l would produce

l2
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correctly -constitu ted  b lackheart m alleable, large 
enough q uan tities  were produced to  b rin g  in to  
action an annealing  fu rn ace  more nearly  of com
m ercial size. The effects of m ass action , packing 
conditions, and so on were then  capable of being 
observed.

I t  is qu ite  norm al to  find th a t  conclusions 
arrived  a t by labora to ry  or o ther sm all-scale in 
vestigations are  completely upset when th e  hard  
fac ts  of bulk production and workshop conditions 
and  appliances come in to  th e  equation . N um erous 
po in ts arose for settlem ent, p rinc ipa lly  connected 
w ith th e  following cau ses :— (a) P ack ing  m a te ria l; 
(b) tim e  required  for h ea t conduction th rough  
large  boxes; and (c) local varia tio n s in  tem p era
tu re  in  th e  annealing  furnace.

Packing M a teria l.— To m ake sound b lackheart 
m alleable th e  pack ing  m a te ria l m ust be (1) of
practically  a non-oxidising c h a ra c te r ; (2) of a
degree of fineness sufficient to  prom ote close pack
ing and  th e  elim ination  of as m uch as possible 
of included a ir  spaces, and  (3) to  be n o t too 
refrac to ry , which would resu lt in  a very slow hea t 
conduction th rough  th e  packed box of castings.

Several m ateria ls  were used, sand, millscale, and 
spen t annealing  ore being th e  p rinc ipa l ones. The 
first m ateria l, sand, w hilst conform ing qu ite  well
to  conditions (1) and  (2), failed  very badly in
condition (3). To produce sa tisfac to ry  annealing  
th roughou t, th e  tim e period had  to  be considerably 
increased.

The second m ateria l, millscale, conform s to  re 
quirem ents (2) and (3), b u t as received is fa r  
too oxidising fo r use. A defect is produced which 
is dealt w ith under defects due to  annealing .

The th ird  m ateria l, spen t annealing  ore, gave 
fa irly  good results, b u t in  add ition  to  being  some
w hat too  coarse, its  condition as received varies 
from  being alm ost non-oxidising to  a s ta te  in 
which i t  is strongly  oxidising, and  more su itab le  
fo r w h itehea rt p ractice.

The defects of millscale and spen t ore, being 
due to  excessive oxidising capacity , a re  able to be 
corrected. T heir action upon th e  carbon of the 
castings is p roductive of a continuous reduction 
of th e  am ounts of active oxide of iron they  con
ta in . W hen th is  active oxide is reduced to  small
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proportions, th e ir  action from a  decarbonising 
point of view is alm ost negligible, and so long as 
additions of fresh  m ateria l a re  very small, no 
fu r th e r  troub le  is experienced. The addition  of 
crushed acid slag considerably reduced the  activ ity  
of the  in itia l packing m aterial, w ithout seriously 
low ering its conductiv ity  for heat. The packing 
the  au th o r is now rusing, therefore , is a m ix tu re  of 
spen t ore, millscale, and  crushed slag, • to  which 
additions a re  m ade as required , in the  sm allest 
possible quan tities.

H eat Conduction through Boxes.—This question 
is of considerable im portance. W ith  therm o
couples so adap ted  as to  show tem peratu res of top 
and bottom  of th e  annealing  furnace, th e  au thor 
was surprised  to find how long a period elapses 
before th e  bottom  tem p era tu re  comes w ithin 
reasonable distance of the  top. This is 
undoubtedly controlled to  some ex ten t by the 
n a tu re  of th e  packing, and caused th e  rejection  
of sand as a packing m ateria l.

In  a furnace holding 7 to  10 tons of castings 
packed in  boxes 18 in. sq. a period of 18 to 24 hrs. 
was often  required  to- approach equilibrium  of 
tem pera tu re . I t  has to  be rem em bered th a t  
bliackheart m alleable is very susceptible to  high 
annealing  tem pera tu res, and loses m aterially  in 
quality  -by such tre a tm en t. I t  is therefore  
impossible to  force th e  tem p era tu re  a t  the  top 
of th e  fu rnace  in  order to  aid  th e  bottom.

Furnace D esign.

Although good furnaces are obtainable, th e  
difficulty of evenly hea tin g  th e  large  mass 
involved does n o t appear to have been solved. 
In  th e  general ty p e  most of the  h ea t is adm itted  
a t  or n ear th e  top , a t  one end, o r on two sides. 
To produce a  m ateria l showing to  th e  full the 
real capabilities- of b lackheart malleable, a very 
close control of annealing  tem p era tu re  is neces
sary. The range w ithin which the  best m ateria l 
is obtained is no t by any m eans wide, and  th ere 
fore varia tions of a local character in th e  anneal
ing fu rnace  become serious. I t  is therefore  neces
sary  to  insist upon a type of furnace which suffers 
to th e  least ex ten t from unequal heating .
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The fo rm ation  of tem per carbon, upon which 
fac t th e  whole n a tu re  of b lackheart m alleable is 
based, takes place slowly and progressively _ as 
th e  tem p e ra tu re  falls d u rin g  th e  cooling period. 
Unless th e  speed of cooling is coincident w ith 
th e  ra te  of progression of th is  change, vary ing  
am ounts of carbon in th e  combined form will be 
carried  down to  th e  recalescence po in t, a t  which 
po in t they  become pearlite . Such m a te ria l will 
no t possess th e  tru e  characteristics of b lackheart, 
being much harder, and liess easily m achinable. 
I t  will b reak  w ith  a steely f ra c tu re  sca tte red  over 
w ith dots of tem per carbon. I t  is essential th e re 
fore th a t  th e  annealing  fu rnace  shall be so con
s tru c ted  as to  allow of absolute con tro l of th e  speed 
of cooling, in  all p a rts . This speed should approx i
m ate  to 7 to  10 deg. C. per h r. in  th e  upper 
ranges, falling  to  a speed of 3 to  5 deg. per h r. 
as the tem p era tu re  approaches 760 deg. C., from 
which figure down to  690 deg. O. no* speed of fall 
g rea te r th a n  3 to  5 deg. per h r. is perm issible. 
Such figures call for careful in su lation  of the  fu r 
nace p a rticu la rly  in  th e  v icin ity  of th e  doors.

The Annealing Process.

The process of annealing  is, shortly , as follows: 
The carbon con ten t, en tire ly  in  th e  form  of F e sC, 
or cem entite, is tak en  in to  solid solu tion  in  th e  
iron by re ta in in g  a t  th e  desired tem p era tu re  for 
a sufficient leng th  of tim e. The period of soak
ing a t th e  full tem p e ra tu re  causes th e  g raph itisa 
tion  of th is  solid solution, assisted by th e  action 
of the  silicon conten t. This g rap h itic  carbon is 
th en  p rec ip ita ted  from  solution in  th e  form  of 
tem per carbon, as th e  tem p e ra tu re  is slowly and 
progressively reduced. Tem per carbon and 
g raph itic  carbon are  essentially  th e  same, th e  
difference being one of form . The degree of fine
ness of the  tem per carbon is largely  a m a tte r  
controlled by th e  m axim um  tem p e ra tu re  reached 
du rin g  annealing . The h igher th e  tem p era tu re , 
the more the  tem per carbon partic les  ta k e  th e  
form of g rap h itic  carbon, and a s  a  consequence, 
th e  w eaker th e  m ate ria l. This, of course, is in 
addition  to  any weakness con tribu ted  by th e  
action of long-sustained high tem p e ra tu re  on the  
fe rrite , which becomes more coarsely crystalline,



and therefo re  weaker, the  h igher the tem pera tu re  
o f annealing .

Ih e  solution of th e  iron carbide, o r cem entite, 
and th e  g raph itisa tion  of th e  resu lting  solid 
solution tak e  place a t a speed which is controlled 
by th e  tem p era tu re  a tta in ed  during  annealing. 
In  order to  shorten  th e  annealing  process, it  
m ight there fo re  be th o u g h t advisable to  work a t  
h igher tem pera tu res. A consideration of the  
above points will show, however, th a t  th is  cannot 
be done w ithou t a corresponding loss in  th e  
quality  of th e  m ateria l produced.

The common defects norm ally due to  th e  
annealing  operation  are  as fo llow :— (1) B and
ing, or th e  production  of p earlite  in  th e  o u te r 
skin of th e  casting ; (2) a  coarse crystalline 
a rrangem en t of th e  fe r rite  w ith  consequent loss 
of s tren g th  and d u c ti l i ty ; (3) a s tru c tu re  com
posed largely of pearlite  w ith sca ttered  particles 
of tem per carbon, which is b r ittle ; (4) an angu lar 
coarse form ation of th e  tem per carbon, w ith loss 
of s tren g th  and ductility  ; and (5) a mixed s tru c 
tu re  of tem per carbon and pea rlite  contain ing 
sca ttered  partic les of cem entite. This s tru c tu re  
is hard , b rittle , and  practically  unm achinable. 
Taken in th e  order nam ed, th e  au th o r is of the  
ooinion th a t  th e  reasons fo r these a re  as 
follow : —

B and ing .—There are several reasons for th is 
defect, b u t th e  m ain one appears to  be an exces
sive rem oval of carbon from the  outside skin of 
the  casting  du rin g  annealing . I t  has been p re 
viously s ta ted  in th is  P ap e r th a t  th e  fundam ental 
principle in b lackheart malleable is th e  balancing 
of th e  carbon and silicon con ten t in  such a m an
ner as to  be able to  dissociate th e  iron  carbide 
in to  free carbon and  free iron  by th e  action of 
heat. If , w ith  a given silicon con ten t, too low a 
carbon con ten t were used, norm al annealing  and 
cooling would produce, not b lackheart malleable, 
bu t a  b r ittle  steely m ateria l, having a s tru c tu re  
largely pearlite , w ith  only p a r t  of th e  carbon 
deposited as tem per carbon. I t  follows, therefore , 
th a t  a local rem oval of carbon, from any cause, 
is liable to  be followed by th e  production, in 
g rea te r o r less degree, of th is s ta te  of affairs in 
the  p a r t affected.
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An oxidising pack ing  m ateria l, say con tain ing  
an  excessive am ount of active ferrous oxide, 
would rem ove carbon from  th e  o u te r portions of 
th e  castings, and b ring  about th is  resu lt. A 
coarse packing, w ith  excessive a ir  spaces, tends 
in  th e  same direction . The au th o r would add th a t  
th is oxidising action  is agg rava ted  by a h igh 
annealing  tem p era tu re , and  pea rlite  bands are 
frequently  due to  th is  error. A nother reason, 
somewhat connected w ith the  one d ea lt w ith, bu t 
perhaps open to  argum ent, is believed by the 
au th o r to  be th e  fo llow ing: —

I t  has te e n  previously s ta ted  th a t  in order to  
produce m ateria l as high in tensile  and d u c tility  
as possible, the carbon con ten t m ust be k ep t on 
th e  low side, th a t  is, so fa r  as is perm issible to 
produce norm al behaviour d u ring  annealing . As 
the  resu lt of m any experim ents, th e  au th o r is con
vinced th a t  some absorption  of surface carbon 
takes place always in  comm ercial annealing , no 
m a tte r  w hat p recau tions a re  tak en . H e suggests, 
however, th a t  a com pensating  action  is proceed
ing d u ring  th e  annealing  period. O xidation can 
only continue u n ti l such tim e  as th e  gaseous 
atm osphere of the  box of castings becomes largely 
carbon monoxide, when i t  ceases en tire ly .

The cem entite being in solid solu tion  a t  th is  
tim e, is tend ing  to  diffuse, causing a  m ovem ent 
tow ards equilibrium  of carbon co n ten t between 
cen tre  and  ou ter portions of th e  castings. I f  
the  to ta l carbon was orig inally  on th e  low 
side, th is  diffusion m ay be of an am o u n t insuffi
cient to  raise  th e  o u te r portions to  a percen tage 
of carbon capable of being p rec ip ita ted  as~tem per 
carbon du rin g  cooling. P ea rlite  fo rm ation  
na tu ra lly  follows, and th e  casting  possesses a hard  
ou ter skin, of vary ing  dep ths and very difficult 
to  m achine. P e r  contra, th e  orig inal carbon con
te n t being on th e  high side, diffusion is sufficient 
in q u an tity  to  build up the  carbon con ten t of the  
ou te r skin affected by ox idation , and  sufficient is 
presen t fo r tem per carbon p rec ip ita tio n  to  proceed 
norm ally.

The steps necessary, there fo re , to  com bat th is 
defect a re  th e  use of a  pack ing  as l i t t le  oxidising 
as possible and fine enough to  p reven t th e  inclusion 
of excessive a ir in  its in terstices , a  tem p era tu re
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of annealing  n o t too  high in  an  am bition to  speed 
up m a tte rs , and  a carbon con ten t no t forced too 
low in a laudable but perhaps over-enthusiastic 
effort to  obtain  abnorm al tensile  and elongation 
results.

Coarse Ferrite.—This form ation  is almost 
en tire ly  due to  th e  use of too high an annealing 
tem pera tu re , although i t  is possible i t  m ay be 
accen tuated  by an excessive phosphorus content.

Pearlite and Scattered Temper Carbon.—This 
s tru c tu re  m ay be caused by too sho rt a tim e 
a t  full tem pera tu re . G raph itisa tion  m ay not 
be completed, and p a r t  of th e  carbon exists in  the  
combined form , although th e  original cast form 
of th e  iron carbide may be completely removed. 
Too rap id  a cooling ra te  also tends tow ards the 
same condition, th e  tem per carbon n o t hav ing  a 
sufficient period d u ring  which to  form.

Angular Formation of Temper Carbon.—The 
form  tak en  up by th e  particles of tem per 
carbon is a function  of tem pera tu re . Low 
tem p era tu re  and sufficient tim e produce a 
nodular, more or less innocuous shape, whilst 
th is form  becomes progressively more angular 
and deleterious in  its  influence as th e  tem 
p e ra tu re  increases. This constitu tes a fu rth e r 
argum ent against undue haste  and the  use of high 
tem pera tu res.

Temper Carbon, Pearlite and Cementite Struc
ture.—This m ixed s tru c tu re  is obtained when 
e ith e r tem p era tu re  or tim e, or both, have been 
insufficient. The orig inal iron carbide ex isting  as 
cem entite  m ust be completely tak en  into solution. 
In  th is  case all th e  reactions involved have only 
proceeded p a rtia lly , and the  m ateria l is worthless 
as i t  stands. I t  can, however, in th is  case be 
salvaged by a careful second annealing  a t  a reason
able tem p era tu re , thus allowing the  p a rtia l 
changes to  complete themselves.

Physical Test Results,
In  correct conditions, where precautions are  

taken  to  obviate th e  various annealing  defects 
above dealt w ith, a m ateria l is produced possess
ing a rem arkably  high 's tan d ard  of perform ance 
under te s t. M any hundreds of charges from  30 
to  40 cwts, each have been ru n  in to  castings, and
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th e  resu lts obtained from  s tan d a rd  te s t bars, 
annealed  w ith  th e  castings, carefully  logged for 
com parison purposes. A verage resu lts appear to  
ru n  about 25 tons m axim um  stress w ith  14 to  15 
per cent, elongation on 2 in ., b u t a  considerable 
num ber of charges have given resu lts  well over 
26 tons and 20 per cent. e longation . The m axi
mum figures obtained up to now a re  26.9 tons w ith 
28.0 per cent, elongation on 2 in. The general
s tren g th  of th e  castings m ade from  th e  charge 
represen ted  was abnorm al for malleable, and was 
alm ost com parable w ith castings m ade from  mild 
steel.

I t  is n o t claimed th a t  such resu lts can  a t  p re
sen t be ob tained  in  all instances, even w ith  the  
most ex trem e degree of care, b u t carefu l investi
gation  as to  th e  causes of these occasional rem ark 
able resu lts should lead to  a more com plete u n d er
stan d in g  of th e ir  ch aracter, and th e  consequent 
ra ising  of th e  average s tandard .

In  all cases where m ate ria l g iv ing over 20 per 
cent, elongation  has been obtained th e  to ta l carbon 
was on th e  low side, in the  neighbourhood of 2.35 
per cent., and  i t  has n o t been found possible to  
produce resu lts of th is  n a tu re  from  m ate ria l in 
th e  h igher ranges of carbon, no m a tte r  how care
ful th e  annealing  control. U n fo rtu n a te ly , how
ever, low-carbon m a te ria l is much m ore susceptible 
to  th e  production  of p ea rlite  bands, from  any of 
th e  causes previously dealt w ith , th a n  is th e  
higher-carbon m ateria l. The solu tion  appears 
therefo re  to  be the  complete elim ination  of th e  
band-producing condition, so- as to  enable the 
general p roduct to  be ru n  a t  th e  lowest p racticab le  
carbon con ten t consistent w ith a sa tisfac to ry  
behaviour of th e  m ateria l from  a casting  p o in t of 
view.

Tensile and elongation  properties in  b lackheart 
m alleable, un like o th e r m etallic alloys, increase or 
decrease together. In  correctly  constitu ted  
m ate ria l a high tensile  is associated w ith  a high 
degree of e longation , and  a low tensile  w ith  a low 
elongation . This rem ark  refers only to  m ateria l 
which can accurately  be described as b lackheart 
malleable—th a t  is, an iron carbon alloy in which 
th e  whole of th e  carbon has been p rec ip ita ted  as 
tem per carbon, w ith  a general s tru c tu re  of cor
rectly  p roportioned  fe rrite .
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Some of th e  in term ed ia te  products due to  incor
rect annealing , and contain ing  considerable per
centages of carbon as pearlite , will, as m ight be 
expected, sometimes show unusually  high tensile 
figures, bu t in such cases elongation is always low.

The an tic ip a ted  difficulties regard ing  the  consti
tu tion  of packing m ateria ls, and even hea ting  of 
annealing  furnaces, having been overcome, the  
regu la rity  of the  p roduct became very good.

U nusual oases of abnorm ally high elongation 
figures, w hilst being in te resting  and offering use
ful opportun ities for research  as to  th e ir  cause, 
are  not the  best crite rion  of th e  value of a  p roduct 
such as malleable iron. The au tho r feels sure th a t  
the  fac t of th e  la s t 52 charges of m etal of 35 cwts. 
to  2 tons per charge, having given results a fte r 
annealing  which average 25.7 tons p er sq. inch 
w ith 17 per cent, elongation, will more easily 
dem onstrate th a t  the  p roduct has decided possi
bilities.

DISCUSSION.

C om m ercial Success Q ueried.
T h e  B r a n c h - P r e s i d e n t  (M r. G. C. Pierce), a fte r 

co ng ra tu la ting  M r. Melmoth, said th a t  i t  was 
p leasing to  no te  th a t  th e re  were some firms who 
were prepared  to  a tte m p t to  establish good, com
m ercial b lackheart malleable iron. H e believed 
he was rig h t in saying; th a t  form erly b lackheart 
m alleable iron castings were considered to  be a 
type which could be produced successfully only in 
America, and one o r two B ritish  firms, and all 
c red it was due to  M r. Melmoth, and to Messrs. 
Lake & E llio t, for th e ir  efforts to  establish a new 
commercial method of production in th is  country. 
Mr. Melmoth had expressed himself as satisfied 
th a t  th e  castings could be produced commercially. 
H e (the B ranch P residen t), however, w ithout ask
ing for any p a rticu la r figures, would like to know 
w hether Mr. M elmoth could give an assurance th a t 
these castings could be produced commercially, in 
com petition  w ith America.

Mr . Melmoth replied  th a t , n a tu ra lly , he based 
his s ta tem en t on the o rd inary  purchase prices of
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m alleable c a s t iron in  th is  country . The issue 
raised  by th e  B ranch  P residen t, however, was a lto 
g e th e r outside th e  scope of th e  P a p e r ; i t  was fa r  
too large to  be b rought in to  th e  equation . The 
A m erican schemes of production  for malleable 
cast iron were n o t even approached in  th is  coun
try , from  th e  p o in t of view of m agnitude, cap ita l 
invested, and so on, all of which had  a consider-

F i g . 1 .

T h is  section  (x  50 d ias) is  o f m ateria l of norm al 
a n a ly s is  and  an nea led  in  ord inary w orks con d ition s. 
N ote sh ap e  of tem p er carbon  is  rou gh ly  nodu lar, 
an d  fa ir ly  ev en ly  d istr ib u ted . T he te s t  resu lt w as : 
M ax. stress. 24.9 ton s p er sq . in ch ; e lo n g a tio n  per 
cen t, on 2 in ., 20 per c e n t.;  an d  cold  ben d , 1 in . x  

5-16 in ., 170 d eg . unbroken .

able influence on production  costs, b u t he could 
say  th a t  i t  was possible, using a cheap base m ate
ria l, to  produce m alleable cast iron in  th is  country  
which could find a m arke t. T h a t, he fe lt, was as 
fa r  as he need go. I f  th e  costs of production  were 
so h igh th a t  th e  p roduct could n o t find a m arket, 
th e n  i t  was dead in  any  case, b u t if i t  were being 
sold every week to  th e  e x te n t th a t  his firm were 
able to  sell i t  a t  th e  p resen t tim e, th en  i t  was 
obvious th a t  i t  was being produced here 
commercially.
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H igh Tem perature and G raphite P recipitation.
M r. V. 0 .  F a u l k n e r  said i t  w a s  sta ted  by the  

au th o r in  his excellent P ap er th a t  th e  details of 
the production  of a w hite cast iron for the  m anufac
tu re  of malleable iron synthetically  in  th e  electric 
fu rnace were so well known th a t  space need not 
be occupied in  en tering  closely in to  them . He

F ig . 2.

T h is section  (x  50 d ias) is  of s im ilar  a n a ly s is  to  
P ig . 1, and  an nea led  under th e  sam e con d ition s. The 
p ack in g  m ateria l, however, w as too  ox id iz in g , and  
th e  d efect of " b and ing  ” has been developed. The 
norm al tem per carbon an d  ferr ite  structure, show n  
on le ft  h a n d  portion  o f p rin t, ca n  b e seen  m erg in g  
in to  a  p ea r lite  form ation  on r ig h t  h and  sid e. T h is  
w as d ecidedly  hard in  m ach in in g . T he test resu lt 
w a s :  M ax. stress, 24.2 ton s p er sq . in ch ; e lo n g a tio n  
p er cen t, on 2 in ., 8.5 per cen t.; and  cold  bend,

80 d eg . unbroken.

would like th e  au tho r to  give him th e  references 
for th is “ well-known ” process, beoause he could 
not a t the m om ent recollect a P aper on th a t  
p a rticu la r phase of m etallurgy, b u t he im agined, 
however, th a t  th e  process would have, for its  raw 
m aterials, steel scrap, an th rac ite  and ferro-silicon. 
A bout a fo r tn ig h t previously, in  th e  G erm an paper, 
“ S tah l und B isen,” Professor Piwowarsky had 
published an adm irable P ap e r showing th a t  if iron, 
no m a tte r  w hether i t  w7as w hite or grey iron, were
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teem ed a t  a very liigli tem p era tu re—above 1,500 
deg.—it  became m ore g rey ; th e  w rite r  had  m ade 
special reference to th is p a rticu la r m ethod of pro
ducing malleable, and said i t  had  been found 
th a t , owing to th e  action of th e  electric arc, locally 
overheating  the  m eta l iron was liable to  be p ro
duced which showed a certa in  am oun t of g rap h ite , 
which, of course, was de trim en ta l to  the  production  
of good castings. C on tinu ing , M r. F au lk n er asked 
w hether difficulty had been experienced as the  
resu lt of th e  presence of chrom ium  in  th e  raw  
m ateria ls, i.e ., in  the  steel scrap , because an 
exam ination  of the  average scrap heap in G reat 
B rita in  would reveal th a t  th e re  was a considerable 
q u an tity  of chrom ium  scrap am ongst it.

The Process of M anufacture.

Me . M elmoth said th a t  when he had s ta ted  
th a t  th e  details of th e  production  of a w hite cast 
iron synthetically  in  th e  electric  fu rn ace  were well 
known he was certa in ly  ta k in g  i t  for g ran ted  
th a t, am ongst the  people engaged in th e  electric 
fu rnace  tra d e  th is  p a r tic u la r  process was well 
known, M r. F au lk n e r beiing included in  th a t  
num ber. D uring  th e  w ar a q u an tity  of w hite  iron 
was m ade here for rep lacing  Swedish w hite iron. 
I t  was m ade en tire ly  from  w rought iron or steel 
scrap, carburised  w ith an th ra c ite  coal, exactly  as 
Mr. F au lk n e r had s ta ted . R eally th ere  was very 
li t t le  in  it. A base m ate ria l som ewhat su itab le  
in composition—because one did n o t w an t to  have 
to do much ad ju s tm en t a fte rw ard s, a lthough  th e  
composition m igh t be corrected  even if varied  
slightly—was m elted down w ith  a n  excess of ca r
bonaceous m ateria l, such as a n th ra c ite ; th en  a 
ba th  sam ple was tak en  in o rd e r to  show th e  
percen tage of carbon, th e  silicon was ad ju s ted  by 
means of ferro-silicon, th e  slag p u t in to  condition , 
and  th e  m a te ria l tapped . I t  becam e difficult when, 
say, m anganese was h igh  in  th e  in itia l scrap. 
Then one had to  ta k e  advantage of th e  affinity, or 
increased affinity, for oxygen of m anganese over 
carbon, and  slightly  oxidise th e  b a th , in  which 
case one p u t th e  m anganese -into th e  slag  and  
brough t i t  down in  th e  b a th  to- th e  requ ired  
am ount, afterw ards pu lling  off th e  slag. There 
was no serious difficulty ab o u t th e  m an u fac tu re  of
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the  w hite iron itself. The effect of high tem pera
tu re  of casting, as s ta ted  hy M r. F au lkner, seemed 
to  be a logical so r t of sta tem en t. One of the 
th ings th a t  had come to th e  fro n t very much was 
th e  question of p re-heating  moulds for th e  pro
duction of p earlitic  cast iron. If  the electric 
furnace were perm itted  to  u tilise  its full capa
bility  fo r hea t—i t  was lim ited only by th e  refrac
tories—th e  iron  m igh t become very much too hot. 
I f  th a t  were th e  case, then  th a t  superheat, to  his 
m ind, would be used to  p re-heat th e  mould during  
th e  period before solidification. A given composi
tion , under those conditions, would produce 
graph ite . In  o ther words; a composition which, 
when cast in to  a cold mould, would give a  white 
m etal, and  when cast in to  a ho t mould would give 
a grey m etal. H e was satisfied, assum ing th e  tem 
p e ra tu re  were reasonable, th a t  perfectly  w hite cast
ings could be m ade. The te s t results alone should 
be sufficient to  prove th a t ;  bad p rim ary  g raph ite  
existed in  those cases, i t  would have been a physi
cal im possibility to have produced tests showing 
over 20 per cent, elongation.

C hrom ium  in  the Scrap.
W ith  regard  to  th e  presence of chromium in 

th e  scrap, he had experienced th a t  difficulty, and 
so would anybody who chose his scrap indiscrim i
nately . A certa in  am ount of ca re  had to  be
shown in  th a t  connection, h u t i t  was possible to  
ge t scrap w ithout chrom ium . T h a t was one of 
the  o rd inary  precautions which anyone who in
dulged in th is p a rticu la r method would have to 
take.

B lacl heart versus W hiteheart.
Mr . J .  W. Gardom, a fte r  th an k in g  M r. Mel- 

m oth for his lecture, said th a t  du ring  th e  previous 
lecture  an engineer had said th a t  the  foundrym an 
did no t know an y th in g  about h is job, and now 
M r. Melmoth s ta ted  th a t , owing to the  irreg u 
la r ity  of th e  m ate ria l he had bought, he had had 
to  make h is own malleable. B u t when one had 
decided to  m ake m alleable, one had to  decide 
w hether to  m ake b lackheart or w hiteheart. Mr. 
M elm oth had  given a num ber of reasons why 
b lackheart had  been chosen. The first was th a t,
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■under given conditions, th e  p roduction  of black- 
h e a rt m alleable was more ce r ta in  th a n  was th e  
case w ith  w h iteheart. H e (M r. Gardom), however, 
d id  n o t th in k  so. A ctually, he was ra th e r  of the  
opinion th a t  th e  production  of b laekheart was 
more difficult th a n  th e  production  of w hiteheart. 
Q uite a num ber of people did n o t share  th a t  view, 
for th e  reason, he believed, th a t  b laekheart was

F i g . 3.

T h is  section  (x  50 d ia s .) h a s  a  norm al a n a ly s is , and  
w as an n ea led  in  sam e con d ition s  a s  F ig . 1. The 
sh ap e of tem p er carbon an d  it s  d istr ib u tio n  a re  both  
very  good. T h is is  ty p ic a l o f  th e  s tru ctu res  g iv in g  
th e  very  h ig h est test re su lts . T h e te s t  resu lt on bar 
w a s :  M ax. stress , 28.3 to n s  per sq . in ch ; e lo n g a tio n  
p er cen t, on  2 in ., 26 p er c e n t .;  an d  cold  bend,

180 d eg . unbroken.

being m ade mostly in America, w here they  had 
spen t much tim e and  money on m aking  i t  p ro
perly, and i t  was essentially  a h ig h -o u tp u t p ro
duct. T ha t m ean t th a t  a percen tage of th e  p ro 
duction  costs w ere given over to  control, and  th a t  
percentage was sufficiently high to  allow of one 
o r more skilled w orkers being employed on n o th 
ing b u t control. U nfortunate ly , m ost of th e  w h ite 
h e a rt m alleable m akers in  th is  co u n try  w ere n o t 
able to  afford th a t  luxury . Again, he was a fra id  
th a t  most o r m any of th e  w h iteh ea rt m akers were 
tem pted , by th e  keenness of th e  engineer-buyer, to
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out down th e ir  costs too much. They tr ied  to cut 
th e ir  costs to  m eet com petition, or th e  supposed 
com petition, of o ther people, and  in order to  do 
th a t  they  cu t out essential operations. T hat 
m eant th a t  they  were lowering ‘th e  quality  of the 
product, and one could no t blam e th e  difficulties 
of m anufactu re , for instance, in th a t  case.

W here W hiteheart Succeeds.

A nother reason why M r. M elmoth had decided to 
m ake b lackheart m alleable was th a t  “ th e  best 
resu lts available in correct m ateria l of e ither type 
were of a h igher s tan d a rd  in  b lackheart.”  Of 
course, te s t results could be made anything. 
One ob tained  h igher tensile, elongation and  
bending figures w ith b lackheart, b u t they were 
n o t everyth ing. There was also, for instance, 
th e  question of rig id ity . One did no t get th a t  
property  in  b lackheart to  the  ex ten t th a t  one 
did in w h iteheart, and i t  was an essential pro
p e rty  in  m any machines. Then th e re  was the 
yield po in t, and a figure could be obtained w ith 
w h itehea rt which was from  2 to  4 tons h igher th an  
th a t  ob tained  w ith b lackheart. Also, th e  average 
of th ree  Izod te s ts  he had  carried  o u t was 
7 ft.-lbs. for th e  b lackheart and 8 ft.-lbs. 
for th e  w hiteheart. The te s ts  were m ade in th e  
laboratory . Again, his firm (Messrs. Bagshawe, of 
D unstable) had  devised fa tigue  tes ts  on malleable 
which was to  be used particu larly  fo r axles. P a r t  
of an  axle was m ounted and  ro ta ted  a t  a speed 
of 1,000 r.p .m ., and a load was applied a t th e  end.

I t  was p ractically  th e  W ohler tes t, b u t not quite 
th e  sam e th ing . The application  of the  load a t 
th a t  speed m ean t th a t  th e re  was an a lte rn a tin g  
load applied 2,000 tim es per m inute—compression 
and tension. The tests were commenced w ith a 
given load, which was increased a fte r a ce rta in  
num ber of hours. The b lackheart gave 14 kg. per 
sq. mm., and th e  w hiteheart gave 15 kg. p e r  sq. 
mm., and, for the  purpose of comparison, i t  m ight 
be in te restin g  to  note th a t 0.30 carbon steel gave 
17 kgs. per sq. mm.

H e considered th a t  th e  w hitehea rt m ade by his 
firm, a t any ra te , had a b e tte r  m achinability  th an  
o ther peopleA blackheart. I t  was, of course, a 
very difficult th in g  to  evolve a te s t which would
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n o t produce argum ent, b u t, for a given feed and 
traverse , th a t  w h iteheart could be worked a t  about 
120 ft. per m inute , w hereas b lackheart which he 
had tes ted  could only be worked a t  100 ft . p e r 
m inute. Also, for ce rta in  p a rts  of elec trical 
ap p ara tu s  w h itehea rt was again  b e tte r . I t s  res ist
ance to  corrosion was g rea te r, and, for such th ings 
as e lectro-plating , and probably for galvanising

F ic . 4.
T h is  section  (x  50 d ias.) w as cu t from  a  bar o f  rather  
ab norm ally  h igh  carbon  con ten t, n am ely , 2.66 per 
ce n t. C a stin g s  w ere w h ite  in  fractu re before a n n ea l
in g , so far  a s could be seen . T he large , badly  
sh ap ed  tem per carbon p artic les  a re  ch a ra c ter is tic  of 
h igh  carbon con ten t, and  are in v a r ia b ly  a sso c ia ted  
w ith  low ten s ile  and  e lon ga tion  prop erties. T en sile  
resu lt o n  bar : M ax. stress , 22.2 ton s per scp in ch ;  

e lo n g a tio n  per cen t, o n  2 in ., 11 p er  cen t.

as well, i t  was b e tte r  th a n  b lackheart, and would 
ce rta in ly  give a much h igher polish if necessary.

I t  had  been s ta ted  th a t  th e  scope of applica
b ility  of malleable was decreasing ra th e r  th a n  in 
creasing, m ainly ow ing to  th e  extended use of steel 
castings, b u t la te r  i t  was s ta ted  th a t  th e  am oun t 
of superheat ob tainab le  w ith  th e  e lec tric  furnace 
m ade th e  production  of ligh t sections a com para
tively  easy m a tte r . T h a t m ean t th a t  M r. Mel- 
m oth  was superhea ting  . th e  charge and  60 
approach ing  th e  m elting  p o in t of steel. W hat was
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th e  use, therefore , of m aking  malleable ? W hy had 
he no t m ade steel?

Consum ption of Annealing Pans.
C ontinuing, Mr. Gardom asked a t  w hat tem pera

tu re  M r. M elmoth opened up his annealing  fu r 
naces. As to  th e  lec tu re r’s reference to  th e  very 
heavy consum ption of annealing  pans in  white- 
h ea rt, he had  his own ideas about th a t , an d  was 
no t saying th a t  th e  consum ption was n o t heavy, 
bu t he would like to  know th e  num ber of tons 
of annealing  pans used in producing a  to n  of 
b lackheart malleable. As to  th e  s ta tem en t th a t  
the  tem per carbon was produced as th e  tem pera
tu re  was lowered, he supposed M r. Melmoth would 
agree th a t  tem per carbon was produced as soon 
as th e  A .C .l po in t was passed, and , if th a t  were 
so, he would also agree th a t  tem per carbon was 
produced very rap id ly  over th e  first period of th e  
annealing  operation , and  th a t  th e  ra te  slowed 
down m ore and  more as equilibrium  was 
approached. H e believed he was r ig h t in  saying 
th a t  75 per cent, of th e  tem per carbon was pro
duced in  25 p e r  cen t, of th e  tim e  th e  m ateria l 
was held a t  annealing  tem p era tu re . I f  th a t  were 
so— and some people seemed to  th in k  i t  was— 
would i t  n o t be perm issible, a f te r  th e  m ajo rity  of 
the  tem per carbon had  been produced in  th e  form 
in  which i t  was required, to  ra ise  th e  tem pera
tu re  so th a t  th e  tem per carbon was p rec ip ita ted  
more quickly, and so cu t down th e  annealing  tim e, 
because in th e  rem ain ing  tim e th e  tem per carbon 
produced could n o t destroy th e  in itia l form ation?

As to  th e  composition of the  m etal, as given in 
th e  paper, he was ra th e r  doubtful about th e  phos
phorus conten t, and  would ra th e r  have seen a 
li tt le  less phosphorus and a li t t le  m ore su lphur ; 
bu t, fo r the- composition given, w hat did Mr. 
M elmoth consider th e  best annealing  tem pera
tu re?  Some notes had been given as to  th e  m ixing 
of th e  m ateria ls  for annealing, and  he asked M r. 
Melmoth if he would give also th e  proportions 
they w ere m ixed in.

Blackheart versus W hiteheart.
Mb . Melmoth, dealing first w ith  his s ta tem en t 

th a t ,  u nder given conditions, the  production of 
b lackheart malleable was more certa in  th an  was
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th e  case w ith  w hiteheart, said he was a fra id  he 
had  judged  w h itehea rt very largely by th e  pu b 
lished accounts of its  behaviour, coupled w ith its  
behaviour in th e  m achine shops of his firm. So 
fa r  as th e  published accounts were concerned, 
one would im agine th a t  people rep resen ting  m al
leable firms would hard ly  w rite  accounts in  which 
they  appealed  for help, m ore o r less, and  s ta te  
th a t  they  had  questions w hich they  could n o t solve, 
and, he believed, called upon th e  B ritish  C ast Iron  
R esearch Association to  help them , if th e  pro
duction  of w h iteh ea rt were q u ite  so p lain  as M r. 
G ardom  would have them  believe. So fa r as 
b lackheart was concerned, Am erica, undoubtedly, 
had already carried  o u t a considerable am ount of 
th a t  investigation  which was being asked for in 
connection w ith w hiteheart. There m igh t be, and 
probably were quite  a num ber of w h itehea rt 
foundries p roducing sa tisfac to ry  m alleable con
tinuous, b u t ap p aren tly  his firm were n o t buying 
th e ir  m ateria l from  those foundries. The research 
carried  o u t ¡by th e  A m ericans had  solved a 
num ber of questions, and one could alm ost p re 
d icate  w hat was going to  happen  w ith a given 
tem p e ra tu re  of annealing  and  a given analysis 
in  a b lackheart m alleable casting , though  not 
quite.

W ith  regard  to unre liab ility , he had m entioned 
th a t  also; as th e  resu lt of his own experience his 
firm were buying very large q u an tities  of malleable 
iron  and  could g e t definite sa tisfac tion  for a tim e, 
b u t la te r  som ething happened to  th e  m ateria l, 
and, a lthough probably m any thousands of cast
ings came th rough  satisfac to rily , m aybe another 
batch  gave very  serious trouble . M a tte rs  would 
th en  he s tra igh tened  o u t again , because, when any
th in g  w ent w rong, m ost of th e  m akers knew  w hat 
was th e  troub le  and  p u t i t  r ig h t,' b u t a f te r  a 
tim e th e  un re liab ility  fac to r ag a in  arose. T h a t 
was honestly  his experience.

As to  th e  effect of th e  keenness of th e  eng ineer 
buyer, th a t  applied equally to  both  b lackheart 
and  w hiteheart, and  one could hard ly  give favour 
to  w h iteheart in  th a t  connection.

Coming to  th e  te s t resu lts , he said M r. G ardom ’s 
figures w ere very illum inating , b u t he d id  n o t 
know w hether he had had a num ber of te s t resu lts
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on b lackheart to compare w ith those on w hite
h ea rt, or w hether he was covering a very lim ited 
area. I f  th e  la t te r , his investigations were ra th e r 
small, to  say the  least. The te s t results he him 
self had  given were produced o u t of the ord inary  
oven, and no t in  th e  laboratory. The te s t bars 
were packed in  th e  boxes w ith th e  castings and 
cast a t  th e  same tim e, and no special a tten tion  
was given to them .

R igid ity  or B rittleness ?
W ith regard  to rig id ity , M r. Gardom had  said 

th a t  w h itehea rt was superior to  b lackheart in  th a t  
connection. E xactly . “  R ig id ity  ”  m eant, in  pro
portion, “ b rittleness .” I t  m ust necessarily mean 
th a t . The more rig id  a th ing  became, the  less 
ductile  i t  became. I t  was g ran ted , therefore, th a t  
w h iteheart had  th e  g rea te r rig id ity . As to  th e  
te s t for fibre stress, which was an ad ap ta tio n  of 
the  W ohler te s t, he did no t qu ite  understand  the  
way in which th e  figures were given, because they 
w ere usually given as revs, under a given fibre 
stress load, so th a t  he was n o t in a position to  
reply to  th a t  point.

M achinability.
As to  m achinability , here, again , M r. G ardom ’s 

resu lts were probably obtained on a few samples, 
and  he  was n o t p rep a red  to question th e  figures. 
B u t, on the  o ther hand, he saw no reason why 
the  m achinability  of b lackheart should n o t be quite 
equal to  th a t  of w h iteheart castings. M r. Gardom 
had  re fe rred  to  surface speeds, bu t he had  not 
re fe rred  to  the  drilling  of bosses. One of the  
troubles was th a t , although one could get a soft 
surface almost invariably  in  w hiteheart, as soon 
as th e  sections thickened, th e  trouble began.

G alvanising.
W here galvanising was concerned, he agreed 

th a t  w h itehea rt won every tim e. The tem pera tu res 
a t  which i t  was carried  out w ere not by any means 
good for b lackheart, although i t  could be done 
under reasonable conditions, w ith special reference 
to  tem pera tu re .

R eplying to the  question as to  why he had  no t 
made steel instead  of malleable, he said th a t  he 
was m aking steel. B u t malleable was called for,
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and , w ith th e  base m ateria l which was being used, 
and  various o ther factors, he believed m alleable 
could he produced cheaper th a n  steel. The tem 
p e ra tu re  a t  which th e  annealing  furnaces were 
opened up was about 650 deg. C.

Annealing Pan C onsum ption.
W ith  regard  to  annealing  pans, he could no t 

give accura te  figures of w eights of p ans p er ton

F i g . 5 .

T h e bar (x  50 d ias.) from  w hich th is  section  w as cu t  
w as sp e c ia lly  prepared in  th e  lab oratory to  show  
th e  effec t o f shortened  period o f a n n e a lin g . I t  is  of 
norm al a n a ly sis , an d  w as tak en  q u ick ly  to  850 d eg.
C. an d  h eld  30 hours, a fterw ard s co o lin g  fa ir ly  
rap id ly . T he o r ig in a l w h ite iron stru ctu re has  
la r g e ly  persisted . C em en tite  h as been o n ly  p a rtia lly  
tak en  in to  so lu tion , and odd sm all area s  o f tem per  
carbon  produced. F racture w as q u ite  s tee ly , w ith  
sm all dots of tem per carbon , and th e  m ateria l n o t 

com m ercia lly  m ach in ab le.

of castings. H is rem arks had been based largely  
on comparisons of th e  appearance of annealing  
pans, and of w h iteh ea rt fu rnaces ag a in s t black- 
h e a rt furnaces a f te r  being draw n. H e  believed 
th a t  M r. H u rren  had  given a  figure of 12 cwts. 
for every ton  of castings he had  produced in the  
R over Com pany’s foundry , b u t the  figure was 
no th ing  like so big in b lackheart work.
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As to w hether i t  was perm issible to  raise the 
tem p era tu re  when the  bulk of th e  tem per carbon 
was prec ip ita ted , he said i t  was permissible, bu t 
he had ru n  these furnaces up, holding them , on 
heating , a t  about 750 deg. C., and afterw ards 
rising  to  fu ll tem pera tu re , in  order to  allow a 
ce rta in  am ount of tem per carbon to p rec ip ita te  
itself a t  the lowest tem pera tu re , and to get the 
g rea test am ount of fine g ra in . B u t i t  was not 
only tem per carbon th a t  entered in to  th e  problem. 
W hen th e  h igher tem p era tu re  was reached, the 
fe r r ite  s tru c tu re  would be affected, which would 
m itiga te  aga in s t h igh elongation.

Influence of Sulphur.
As to su lphur, th e  action of th a t  on iron carbide 

was fa irly  well known. Sulphur tended  to  re ta in  
carbon in  the  combined condition. I t  was ju s t 
as easy to tak e  i t  ou t as to  leave i t  in, and 
he had taken  i t  ou t. I n  the  w h iteheart process he 
fully appreciated  th e  significance of it, b u t in  the  
case of b lackheart its  significance was altogether 
th e  opposite, and, consequently, th e  more he could 
get o u t th e  better.

Annealing Temperature.
The highest tem pera tu re  was in the  neighbour

hood of 850 deg. C. I t  could be ra ised , to 900 
deg. C. fa irly  safely, b u t—and he ought to  have 
m entioned th is  in  th e  P ap e r—it  was proportional 
somewhat to  the to ta l carbon conten t of the 
m ateria l. I f  th a t  con ten t were on th e  high side, 
a lower annealing  tem pera tu re  could be used, and 
vice versa.

Packing M aterial.
The proportions of annealing  m ateria l were not 

by any  means fixed. Assuming th a t  th e  packing 
m ateria l showed signs of being on the  oxidising 
side, he would more or less d ilu te  its oxidising 
capabilities by adding m ateria l of a  non-oxidising 
character, so as to keep i t  a t  all tim es as near 
a non-oxidising m ateria l as could be obtained— 
it never could be absolutely non-oxidising.

Mr . H . O. Slater, though he claimed to  be one 
of th e  first in London to  in te res t him self in  the 
production of malleable, said he had no t produced 
it  for ten  years, du ring  which tim e, no doubt, a
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g rea t deal of progress had been made. H e had 
always held th e  view th a t  the  electric fu rnace  
would be fa r  superior to  any o ther m elting medium 
for. m alleable iron. The malleable iron  business 
was one in which he was convinced science m ust 
march hand  in  hand  w ith practice. There had 
been th ings which had absolutely puzzled th e  p rac
tica l m an  in  connection w ith  annealing  and  w ith 
m elting. The te s t figure given by M r. M elmoth 
had surprised  and  pleased him . Ten years ago 
he had  prided  him self upon producing a te s t piece 
w ith a tensile s tren g th  of 24 tons, and, he be
lieved, w ith  an  elongation of 4.7. M eta llu rg is ts 
would no doubt sav th a t  th e  m a te ria l was on the 
hard  side. I t  was, b u t i t  was perfectly  m achinable. 
As to  th e  construction  of th e  oven used by M r. 
M elmoth, h e  asked where th e  oven was fired from , 
and  where th e  dam pers were s itua ted .

Mb . Melmoth said, w ith  reg a rd  to  th e  ovens, 
th e re  w ere two types, both fired from  th e  end, 
w ith long itud inal flues and side po rts. In  both 
cases th e  po rts  w ere about 1 f t . above th e  level 
of the  ground, and each p o rt was dam pered. The 
ovens h ad  a firebox only.

Cost of Blackheart.
M r. G. Bagshawe asked if th e  cost of m elting 

of malleable iron by th e  b lackheart process in 
an  electric fu rn ace  com pared favourably  w ith  
o ther form s of m elting, and, if  so, how m any 
melts M r. M elmoth m ust get from  th e  sam e fu r 
nace per day, presum ing he s ta r te d  from th e  cold 
in th e  m orning, in  th e  o rd inary  way. The pan 
costs were very high, and  th e  fac t th a t  they  were 
h igh  in malleable iron production  was frequently  
not recognised. The annealing  tem p e ra tu re  for 
b lackheart m alleable had been given by M r. M el
moth as about 90 deg. C . ; he him self w as under 
the  im pression th a t  th a t  was h igher th a n  the  
American annealing  tem pera tu re , and very nearly  
approaching th e  English. I f  th a t  w ere so, he 
could no t qu ite  see w here th e  advan tage  was. 
American malleable was produced nearly  25 per 
cent, cheaper th a n  E nglish , and  th a t  was the  
secret of th e  success of m alleable p roduction  in 
America. They w ere able to  sell 4 tons where 
we were selling 3. A very  considerable p a r t  of 
the  25 p er cent, was d u e  to  th e  la rg e r q u an titie s
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produced. W ould th e  electric process of m elting, 
in  M r. M elm oth’s opinion, help to  b ring  th e  English 
costs down to  somewhere n ear the  A m erican costs, 
and thereby  increase th e  production , in  sp ite  of 
the fac t th a t  we had very much sm aller quan tities 
to deal w ith? I t  was a difficult question, b u t i t  
presented a possibility, not only to  th e  malleable 
iron founder, b u t to  everybody in  th e  country  
who used th e  product, such as, for instance, m otor 
car m anufactu rers, who were probably th e  largest 
users in  America a t  th e  present tim e. H e believed 
th a t th e  A m erican m otor car m anu factu rers used 
more malleable th an  the  railw ay people. In  
E ngland, th e  q u an tity  of malleable used for railw ay 
work was negligible.

Mr . M elsioth said th a t  th e  num ber of heats 
tak en  per day ou t o f a furnace, adm itted ly , m ust, 
p ractically  speaking, control th e  cost of production 
of th e  m ateria l, and  i t  had  to  be adm itted  from 
the  beginning th a t  enough m ust be dem anded to  
keep a  fu rnace  in sa tisfactory  w orking tr im . H is 
firm were ra th e r  p re fe ren tia lly  s itua ted . Their 
electric fu rnaces w ere m elting steel, and could be 
tu rn ed  over to  malleable as and  when required . 
N orm ally, they  would perhaps tak e  o u t th ree  
charges in an o rd inary  w orking day, and on th a t  
basis he failed  to  see why i t  should be expensive. 
His rem arks in th a t  connection, however, m ight 
be somewhat biassed, in  view of th e  fa c t th a t  the  
electric fu rnaces were used fo r both steel and m al
leable. The question as to  w hether th e  electric 
method of m aking b lackheart malleable iron would 
enable th e  p roduct to  be sold a t  prices sim ilar to 
those of th e  A m erican product was one which would 
require a good deal of th o u g h t before i t  could be 
answered. H is paper was n o t w ritten  w ith  a view 
to  suggesting th a t  B r ita in  could produce black
h e a rt m alleable more economically from  th e  elec
tr ic  fu rn ace  th a n  from  any  o th e r m elting  medium. 
H e was n o t say ing  th a t  i t  was n o t commercial, 
because i t  w as; he was qu ite  sure of th a t , b u t to 
suggest th a t  we were going to  knock th e  bottom  
ou t of o ther people’s costs was absurd, and  had 
never been h in ted  a t. M r. Bagshawe had answered 
his own question when he had said  th a t  th e  g rea te r 
p a r t of the  difference between th e  Am erican and 
English prices was due to  the  enorm ous ou tpu ts
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a tta in ed  in  A merica. Bulk production  was the 
m ethod of producing cheaply, b u t a significant 
fe a tu re  was th a t  th e  Am ericans appeared  to  be 
developing a  process of m an u fac tu re  of b lackheart 
m alleable by w hat appeared  to  be an even more 
com plicated and expensive system —he would call 
i t  a  tr ip lex  system. ^The A m ericans, who were 
some of th e  biggest m alleable m akers, were 
developing th a t  process and  app a ren tly  m aking 
ends m eet, and ye t th ey  used a cupola, a con
verter, and an elec tric  fu rn a c e ; so th a t  i t  appeared 
th a t  th e  electric fu rnace  was finding its  way in to  
th e  A m erican b lackheart m alleable trad e . W ith  
regard  to  M r. B agshaw e’s rem ark  th a t  m alleable 
was n o t used on th e  E nglish railw ays a t  all, b u t 
th a t  i t  was on the  A m erican railw ays, he asked 
w hether th a t  was due to  th e  A m erican malleable 
being more su itab le  for use on railw ays th a n  th e  
w hiteheart.

P earlitic  Cast Iren.

Mr . Graves re fe rred  to a lec tu re  delivered before 
th e  London B ranch la s t session on p ea rlitic  cast 
iron, in which i t  was s ta ted  definitely—if his re
collection was correct— th a t  th e re  was a m arked 
tendency now adays for p ea rlitic  cast iron to  take  
the  place of malleable. The tensile  s tren g th  of 
pearlitic  cast iron  was given as 24 tons p er square 
inch, and, fo r th e  purpose of com parison, he asked 
M r. M elm oth if he could give th e  tensile  
s tren g th s  of b lackheart m alleable castings.

Mr . M elmoth replied  th a t  whoever had  m ade 
th a t  s ta tem en t had m ade a very wild one. U n
doubtedly, p ea rlitic  cast iron had its own field, b u t 
he him self d id  no t feel, although he was open to  
conviction, th a t  p ea rlitic  cast iron would cause 
the m alleable m akers to  sleep less soundly. A fter 
all said  and  done, no m a tte r  in  how m any frills 
it was w rapped, being cast iron, i t  had a portion  
of th e  defects which were in h e ren t in  cast i r o n ; 
i.e ., i t  could not, u nder any condition of m anu 
fac tu re , possess th e  proper degree of d uc tility . 
I t  possessed a m ost unusual tensile  s tren g th , b u t 
it  did  no t possess the  norm al toughness o r elonga
tion  properties of a good m alleable iron.
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Vote of Thanks.

Major Small, proposing a vote of thanks to  M r. 
M elmoth for h is paper, said  i t  had provoked a 
most in te resting  discussion, and he did no t th in k  
anybody could have replied to  criticism s in a more 
stra igh t-fo rw ard  a m anner. W h at he had always 
found ra th e r  difficult to  understand , however, was 
why we in th is  country  should adm it th e  fac t th a t  
America bea t us on costs and  in  m any cases the 
finished product. I t  seemed to  him  m ost ex tra 
o rd in ary  th a t  th is  sub ject of mass production was 
so constan tly  raised, and th a t  the whole of G reat 
B rita in , including skilled foundrynien, should 
s it down quietly  and accept the  position. Oould 
no t B rita in  produce any th ing  in the foundry  busi
ness and be first in the  field in such a sphere of 
commerce? F inally , M ajor Small again thanked  
M r. Melmoth for his paper and th e  discussion i t  
had provoked.

M r. A s h w e l l , seconding the  vote of thanks, also 
referred  to  p earlitic  cast iron. He said his firm 
had  experim ented on a  sim ilar type of iron. They 
had electrically heated  a cold mould, had  raised 
i t s , tem p era tu re  to a certa in  po in t, and poured 
o rd inary  cast iron  in to  it. The m ix tu re  consisted 
of old gas stoves and o ther scrap, w ith 5 per cent, 
of pig-iron and silicon and phosphorus, and a satis
factory. casting  wasi produced. R ecently  he had 
been to  Germ any for six weeks, and had brought 
back w ith him  a  sam ple of p earlitic  cast iron made 
there . T h a t casting , and th e  one already re
ferred  to  as having been m ade by his own firm, 
were subjected to  c e rta in  tes ts, and th e  la t te r  
broke under th e  tensile te s t a t  a stress which was 
75 lbs. h igher th a n  th a t  a t  which the  German cast
ing broke. M alleable iron o rig inated  in E ngland, 
and i t  was throw n back on an o th er country  to 
produce as a commercial product, because our own 
country  would not find th e  money, and th e  sam e 
th in g  was happening  to-day. We could n o t find 
th e  money to produce artic les which orig inated  
from  B ritish  brains, and th e re  m igh t be m any p re
sen t a t th a t  m eeting  whose fo refa thers had  had to  
give th e ir  ideas away to  o ther countries, whilst 
th e  la t te r  had sold them  back to  th is  country  a t 
ex trav ag an t prices.
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Mr . J .  W. Gardom, who supported  th e  resolu
tion, said th a t , a lthough he had a g re a t respect 
for M r. H u rren , as, indeed, had  everybody else, he 
was quite  w rong udien he had said th a t  malleable 
was going olit. H e hoped Mr. M elmoth would go 
on  w ith  his work and would give m ore inform ation 
about i t  la te r . H is criticism s th a t  evening had  
been m ade solely for th e  purpose of c rea tin g  dis
cussion and o b ta in ing  in form ation .

The vote o f th an k s was ca rried  w ith  enthusiasm .
Mr . M elmoth acknowledged th e  vote of th an k s 

and  expressed his g ra titu d e . H e could n o t allow 
M ajor Sm all’s rem arks to  pass w ith o u t com m ent. 
M ajor Sm all had  asked repeated ly  when E nglish  
foundries w'ere going to do som ething, b u t, w ith  
all respect, he would suggest th a t  M ajor Sm all 
m ight read  m etallu rg ical h istory . H e would th en  
find th a t  th e  steel trad e , and  no doubt th e  iron 
tra d e  also, had  been definitely  in  th e  fo re fron t in 
doing th ings, a lthough i t  m ust be adm itted  th a t  
th e  alm ighty  dollar had been able to  develop those 
th ings to  a  g rea te r ex te n t th a n  had th e  more sub
dued E nglish  pound. T hat, however, did n o t a lte r 
th e  fa c t th a t  the  discoveries had been m ade in 
English foundries. In  m any cases th e  in itia l c red it 
was due to  th is  country . T here was a lo t in M r. 
Ash well’s s ta tem en t th a t  we could n o t ge t o u r p ro
cesses financed. I t  was very difficult, p articu la rly  
a t  th e  presen t tim e, fo r any firm in  th is  country  
to  finance any big scheme calling for a large o u t
lay, and  i t  was n o t a ltogether in  th e ir  hands. 
W hilst accepting th e  vote of th an k s w ith  very 
g re a t g ra titu d e , he th an k ed  M r. Gardom  person
ally for his energetic con tribu tion  to  th e  discussion.
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Birmingham Branch.

MOULDING MACHINES.

By E. Longden, M ember.
The advantages accruing from  m echanical aids in 

th e  foundry  a re  very considerable, although appli
cation  is veTy much more difficult th a n  in  th e  
eng ineering departm ents. Considerable develop
m ents have tak en  place over th e  las t fifteen years 
in  th e  application  of m oulding and core-m aking 
m achinery in  th e  production  of castings.

I t  is su rp ris ing  w hat a  large num ber of types 
of m oulding m achines th e re  a re  in  use in th e  chief 
m anu fac tu ring  countries of the  world. Also there  
are  m any founders who have bu ilt m achines speci
ally to  deal w ith  c e rta in  rep e titio n  lines of work 
and over which no modern m achino could excel. 
Some of these m achines a re  qu ite  unknown to  the  
foundry  tra d e  generally.

These keen com petitive tim es compel th e  
founder to  keep down his costs of production to  
the lowest possible level, w ith  th e  resu lt th a t  in 
m any foundries, in  sp ite  of li tt le  business, com
para tive ly  g rea t strides a re  being m ade in the 
application  of moulding machines. The lessons 
now being learned in  lean tim es will no t, most 
ce rta in ly ! be lost when th e  volume of tra d e  reaches 
a h igher and m ere profitable level. So th a t  when 
b e tte r tim es a rriv e  still more and more m achinery 
will be in tro d u ced ; m achinery which has been well 
proved d u ring  slack tim es.

The in troduction  of m oulding machines has been 
synchronous, in the  w rite r’s own experience, with 
th e  im proved w orking conditions in  th e  foundry. 
In  sp ite  of th e  n a tu ra l aversion of th e  moulder to 
mould-m aking m achinery, really  good progress has 
been m ade. Given an im provem ent in  trad e , the 
foundry  business will do more than  hold its  own in 
im provem ents and the  w orld’s work, and the 
ex trao rd in ary  o u tp u t and quality  of costings which 
were tu rn ed  ou t in pre-w ar days will be exceeded 
and excelled in th e  years to  come when th e  full
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effect of th e  in troduc tion  of m echanical applianoes 
will have m atu red . Thus th e  decidedly b e tte r  
w orking conditions of th e  foundry  w orker, which 
every right-m inded  person m ust welcome, will be 
m ain ta ined  and im proved by these  very m achines 
which he so detests and, in  m any instances, 
h inders.

I t  is s ta ted  th a t  th e  re la tiv e  cheapness of 
m achinery is due to  th e  fa c t th a t  th e  m achines 
can be operated  by sem i-skilled w orkm en who can 
be quickly ta u g h t to  m an ipu la te  them . Also th a t  
th e  skilled w orkm an is opposed to  th e  in troduc
tion  of m achinery  because he th in k s  his sk ill is 
less needed and th a t  his ea rn in g  capac ity  will be 
reduced. Also th a t  th e  sem i-skilled m an when 
given a piece p rice endeavours to  ru n  h is m achine 
as much as possible and thereby  earn  more.

This feeling was certa in ly  ev iden t some fifteen 
years back, b u t to-day even th e  conservatism  of
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th e  m oulder is less flagran t, due to b e tte r educa
tion  and association w ith m oulding machines, and 
nowadays i t  is possible by a reasonable application  
of ta c t to  develop th e  m achinery w ith h is help. I f  
the  skilled mou Uler will opera te  th e  m achines on 
which substan tial moulds are  made, to  th e ir  
fu llest ex ten t, helped by one or more labourers, 
exceedingly good resu lts can be obtained.

W ithou t doubt the  sm aller rep e titio n  type  of 
casting  is m ore likely to  be produced to  its fu llest 
capacity  by th e  im m ediate in troduction  of the

semi-skilled w orker. (Semi-skilled is used in 
opposition to  th e  wrongly-used term  unskilled.)

A fter considerable experience in  th e  control of 
moulders m aking very high-class castings, i t  can 
be definitely s ta ted  th a t th ere  is now a  very serious 
shortage of the  really  skilled moulder. W ith  such 
conditions, if a  m achine is in troduced which 
reduces th e  am ount of m oulder labour by 50 per 
cent., th e  need for moulders is roduced by 50 per 
cent, in  th a t particular case. If  in every direc
tion  v here m achinery can be applied i t  is fully ex
ploited, th e  shortage of moulders, which will be 
very acu te  w ith an im provem ent in  trad e , w ill be 
m ateria lly  helped, although m achinery has its 
lim ita tions in th e  foundry as in  no o ther d epart
m ent because of th e  peculiar n a tu re  of founding 
which depends so much on the hum an elem ent.



256

M echanically, as in o ther m atte rs , th e  found ry  
was severely neglected in  pre-w ar days. The 
engineer con ten ted  him self by applying his ta le n ts  
to  th e  im provem ent of th e  eng ineering  d ep a rt
m ents, so m uch so th a t  to-day th e  need fo r th e  
all-round m echanic is no t very evident. T here a re  
very few m achines in a m odern eng ineering  shop 
th a t  canno t be quickly m astered  in  a few m onths’ 
tim e  by a  m an of average intelligence. H aving  
m ade such enorm ous s trides  in  th e  m achining 
operations, and  consequently g rea te r accuracy in

th e  m achined casting , so th a t  th e  work of th e  
fitte r, in  a  g re a t m any instances, has been reduced 
to  a  m ere assembly of p a rts , th e  engineer tu rn s  
questioningly to  th e  foundry , and le t us hope th a t  
he may accomplish in  th is  d ep a rtm en t, even if 
only in  a  com paratively small way, im provem ent 
spurred  by th a t  which he has so sp lendidly  done 
in  th e  eng ineering  departm en ts. H is a tte n tio n  
and help is sought a f te r  and welcomed by th e  
m odern foundry forem an and m anager who have, 
as a  ru le , qu ite  enough to  do to  occupy th e ir  
thoughts on general problems and practice .

M any of th e  m oulding m achines have been 
Invented by foundrym en, and th e  o thers only made 
p rac ticab le  by his co-operation.

To-day th e re  is n o t a foundry , however small, 
which can  afford to  ru n  w ithou t m oulding and core
m aking m achinery of some descrip tion .
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T here a re  several well-known firms whose efforts 
a re  alm ost wholly employed in producing and im
proving m oulding m achinery. Developments are 
such th a t  th e re  is now no excuse for any founder

F /c . 6

w orking w ithou t them . The fu tu re  will experi
ence im provem ent n o t so much in  design of 
m oulding m achine as in  th e  general application  of 
those m achines as now developed.

M oulding m achines were a t  one tim e  only em
ployed when producing la rge  quan tities of small 
rep e titio n  castings, b u t m achines a re  now in  
regu lar use on which qu ite  a v a rie ty  of shapes can 
be m ade w ith in  th e  capacity  of th e  m achine, and 
w ith num bers off each piece which are  n o t very

K
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large. R eally  th e re  is now no casting  which is 
made, however large, which canno t be helped a t  
some stage  of m oulding by a certa in  type  of 
machine.

Early Work on M echanical M oulding.

The o rig in  of th e  m oulding m achine dates back 
to  somewhere about 1826, when an  invention was 
brought o u t in  th e  H arz  d is tr ic t of G erm any 
whereby castings could be quickly m ade by th e  use 
of a p a tte rn  p la te . Two p la tes w ere m ade, one 
form ing th e  top  and th e  o th e r th e  bottom  im pres
sion of th e  casting , so th a t  when th e  two half
moulds were b rough t toge ther, com plete castings 
were produced.

By 1851 th e  p a tte rn  p la te  assum ed its  p resen t 
form . F a irb u rn  and  H e rth e rin g to n  were respon
sible fo r p roducing single p la tes which combined

o S .
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th e  top  and  bottom  halves of th e  p a tte rn  an d  were 
chiefly m ade of cast iron, b u t bronze and  o ther 
m etals w ere used.

The im provem ent in  production  due to  th e  in tro 
duction  of th e  p a tte rn  p lates can  be ascribed to  the  
e lim ination  of th e  following opera tions, etc. : — 
L ocating  of p a tte rn  o r p a tte rn s  in  th e  m oulding 
box each tim e  a  mould is ram m ed up , and in 
a rran g in g  th e  p a tte rn s  care  is ta k e n  th a t  all space 
in  th e  m oulding box is usefully  filled ; th e  m ak ing  
of odd sides and  jo in ts ; c u ttin g  of ru n n e r , and 
sometimes riser ga tes because th ey  a re  moulded 
in to  th e  p a tte rn  p la te  once and  fo r a ll (and  here 
much w aste can be avoided, o ften  due  to  th e  care 
less and irreg u la r way in  which g its  a re  c u t and 
lo ca ted ); th e  p a tte rn  draw  is m ore accu ra te , as 
co rrec t guides a re  necessary, consequently  m uch 
rep a irin g  of dam aged moulds is a v o id ed ; b e tte r  
looking castings a re  secured which a re  t r u e r  to  
form  and w eight, enabling  m achin ing  by th e  aid  of



special jigs to  be more frequently  practised . H and- 
moulded castings vary  in w eight from  5 to  15 per 
cent.

Oddsides, or ram m ing blocks as Jobson used to 
te rm  them , and m atchplates are  m ade from  various 
m ate ria ls  such a s :— H ard-ram m ed-polished-dry- 
sand , fireclay, oilsand, cem ent like P o rtlan d  
cem ent, a m ix tu re  of p itch  and cem ent, gypsum 
cem ent o r su lphate  of lime, w hat is commonly 
known as plaster-of-paris, and  th e  p resen t m etal 
m atchp la te  which is th e  logical developm ent.

From  th e  p a tte rn  p la te , w ith  its im proved guide 
draw , th e  hand-ram  mould m achine, w ith its  easily 
controlled m echanical draw , would suggest itself 
to  some and  to  o thers th e  com bination of th e  re 
volving p a tte rn  p la te  to  save tu rn in g  over of boxes 
by h an d  and  w aiting  for crane. A lthough th is 
la t te r  com bination constitu tes one of th e  earliest 
types of machines which were invented  by such 
men as Jobson an d  W oolnough and  D ehne (the 
la t te r  type  being constructed  and m arketed  by 
Samuelson & Company, L im ited , B anbury), they 
co n stitu te  p rac tice  which is well w orthy of note 
and  con tinuation  for m aking  m any lines of cast
ings in  sp ite  of th e  advance of power-driven 
¡moulding m achines of la te  years.

The early  a ttem p ts  to  ram  moulds mechanically 
would possibly be by th e  aid of pneum atic ram m ers 
guided  by hand .

M ethods of ja r-ram m ing  sand  moulds dates back 
probably 40 years, b u t the  machines a t  th a t  tim e 
w ere very  crude indeed, and th e  p rincip le  o r re
cip rocating  m otion was produced by cam action, 
be lt power drive, clutch, and fast-and-loose pulleys 
on th e  cam shaft, m ain d riv ing  sh a ft runn ing  over
head to  supply a b a tte ry  of machines. P a tte rn s  
were stripped  from  th e  moulds on a separate 
m achine w ith  ropes ru n n in g  over sheave pulleys 
an d  balanoe w eights to  su it th e  w eight of p a t
te rn s  and plates. A bout th e  year 1896 a combi
n a tio n  of p a tte rn  draw  was in troduced to  work 
w ith  th e  cam  jo lter, b u t s till n o t a  p a r t  of th e  
jo lte r . The add ition  was a  pneum atic  cylinder 
fixed aga in s t th e  wall a t  th e  re a r  of th e  machine, 
the p iston  rod being fitted  w ith  a yoke and long 
arm s, these arm s came in con tac t w ith  th e  under
side of a s trip p in g  p la te  and th e  upw ard movement 
of th e  p iston  in  th e  cylinder raised  th e  strip p in g
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p la te  and mould, b u t th e  g rea test load ra re ly  ex
ceeded 1 cwt. M r. J .  B. Neesham , of Glasgow, 
was responsible for m any of these  early  develop
m ents. H e was also responsible fo r th e  first ra i l
way axle box th a t  was ever m ade on a jo lt-ram  
m achine, m aking  i t  possible a t  th a t  tim e  to  p ro 
duce from 40 to  50 axle box castings p er day. 
Such a m achine would 'be  of g rea t value, because 
a t  th a t  tim e of day axle boxes w ere ordered  a t 
th e  ra te  of 10,000 each order.

F i g . 9 .— M a k in g  a 1 2 - i n . E lb o w  C o r e .

M r. Neesham, who is a p a tte rn m ak e r by trad e , 
ob tained  his first in troduc tion  to  th e  ja r r in g  
m achine in  A pril, 1893. (A t th a t  tim e  such a 
¡machine was unknow n in  th e  B ritish  Isles.) A t 
th e  age of 33 M r. Neesham  w ent o u t to  A m erica 
and  commenced du ties w ith S. Ja rv is  A dam s, of 
P i t ts b u rg ; th is  firm h ad  purchased an  inven tion  
fo r  ja r-ram m ing  sand moulds. The m achine was 
opera ted  from  an  overhead shaft, on w hich were 
eccentrics and long rods ex tend ing  to  th e  foundry  
floor. By th is  m eans th e  tab le  was lifted  and 
bum ped on a la rge  block of oak. They n ex t 
in troduced  th e  cam  action, b u t th e  ja r r in g  tab le  
was still lifted  by two arm s fixed in  a ho rizon ta l
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position, and  worked sim ilar to  th e  old-fashioned 
elve in  a forge. M r. Neesham resigned from  S. 
Ja rv is  Adams to  ta k e  the  post vacated  by C harier 
H erm an, who was a locksm ith by trad e , h u t the 
rea l inventor of th e  pneum atic ja r  m achine. Mr. 
Neesham describes him  as being an extrem ely in 
genious m an. The old members of th e  P neum atic  
E ng ineering  A pplianoe Company bought the  E ng
lish righ ts of th e  H erm an pneum atic  ja r  machine. 
The first small m achine was th en  shipped to  E ng
land, Ju ly , 1902. Mr. Neesham came over to  Eng-

F ig .  1 0 .— M o u l d s  f o r  1 2 -i n . E lbo w  C o r e s .

land  and  s ta rte d  up  th is first small ja r r in g  
m achine which was erected in  the  m achine shop 
of Sexley and F arm ers S ignal W orks, C hippen
ham, W ilts. Thus M r. Neesham, a f te r  s ta r tin g  
up  th e  m achine, made th e  first moulds made on 
th e  first ja r r in g  m achine in  th is  country . Mr. 
N eesham  th en  took o u t a  p a te n t in  th e  U .S.A ., 
w hich was for th e  first com bination of a mech
an ica l ja r  and  p a tte rn  draw  m achine. A sketch 
of th is  first m achine is shown in  Fig. 8. Along 
w ith  his b ro ther, who helped him  w ith th e  draw 
ings, they  sold th e  righ ts to  a P ittsb u rg  foundry.

M r. Neesham joined Jo h n  M acdonald & Com
pany, of Glasgow, and has developed w hat is 
known as th e  A jax series of ja r-ram  moulding 
machines, which weigh from  8 cwt. up to  10 tons.
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E ven tually  th e re  cam e along the  “  H erm an  ” 
h an d -ja rrin g  m achine, w ith a drop p a tte rn  device 
and  movable im pact block to  allow th e  p a tte rn  to  
be lowered from  th e  mould a f te r  ja r r in g . Then 
we learn  of th e  “  H erm an ” pneum atic  jo ltin g  
¡machine, w ith  a com bination of a p a tte rn  draw  
device, th e  ja r r in g  cylinder contained w ith in  an 
o u te r  casing and  a ir pressure on both sides of 
p is ton , th e  jo l t  was dependent on  th e  a ir  p ressure 
on th e  top  of th e  p iston  to  force i t  aga in s t th e  
im pact block. A bout 1901 we have again  th e

F ie .  11.-—M a k i n g  a n  A n c h o e  M o u l d .

“  H erm an  ” pneum atic  jo lt ram  tu rn o v e r m achine, 
and  finally o th e r  m akers w ith  th e ir  la rg e r and 
more fu lly  developed m achines which has resu lted  
in  th e  fine and  large m odern m achines of th e  
p resen t day.

Messrs. J .  M acdonald & Son, L im ited , of G las
gow, are  fam ilia r to  m ost foundrym en as being  
th e  principal B ritish  m anu fac tu re rs  of such 
m achines. These m achines a re  b u ilt  to  ja r  up 
from  a delicate nam e p la te  to  an  engine bed. The 
ja r r in g  m ethod is th e  m ost applicable device in 
use to -day  fo r th e  g rea te s t v a rie ty  of castings. 
The very large m achines a re  b u ilt to  ja r  a  load of 
te n  tons, tu rn  th e  mould over and  draw  th e  p a t
te rn , w ith  th e  very m inim um  of finishing. T here 
alw ays will be a li tt le  finishing by hand  on all the
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large machine-m ade moulds, b u t th e  donkey work 
is done in a  few m inutes.

To m eet and  help th e  jo lt m achine g re a t a tte n 
tion  m ust be given to  th e  p a tte rn s , they m ust be 
well m ade, of good, sound stab ility , perfec t finish, 
and no hack d ra f t, a t  least in. to  the  foot should 
be allowed. P a tte rn s  m ust he frequen tly  v a r
nished w ith good shellac varnish , preferab ly  made 
by the  p a tte rn m ak e r him self from m ethylated 
sp irits  and n o t wood alcohol. H alf th e  b a ttle  
and  th e  g rea tes t assistance to m oulding m achines

F i g . 1 2 .— A  C o m p l e t e  H a l f  M o u ld  f o r  a n  
A n c h o r .

of w hatever type  is good and accurate  p a tte rn s. 
P a tte rn s  of a m edium  size can  be m ade in  such 
a  m anner th a t  they  are  in themselves in  a  sense a 
m oulding m achine. They can be divided up  and 
shared between tw o or more moulders, each m aking 
his p a r t  for th e  final casting.

H ydraulic M achines.
D ue to lack of tim e  th e  au th o r has been unable 

to  trace  properly th e  o rig in  of th e  hydraulic 
m oulding m achine, b u t they were in use probably 
25 years o r m ore ago. The Bon villain  and Ron- 
ceray M oulding M achine Company, of P aris , are 
well-known m akers of such machines. W ith  ligh t 
work qu ite  rem arkable resu lts can be obtained.
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T here are  m oulding m achines driven  by elec» 
tr ic i ty , as rep resen ted  by th e  Pneulec M achine 
Company, L im ited , Sm ethw ick (E lec tric  P n eu 
m atic), p a ten ts , and  th e  S co tt’s, of Norwich (E lec
tr ic ) , p a te n t.

W ith in  th e  la s t th ree  or four years th e re  has 
¡been a new developm ent of a  hand  jo lt-m achine 
m ade by th e  D enbigh E ng ineering  Company, 
L im ited , of T ip ton .

A gain, th e re  is th e  sand slinger m achine, m ade 
by th e  F oundry  P la n t & M achinery , L im ited ,

F i g . 1 3 .— M a k in g  a  T a n k  P l a t e .

'Glasgow. This m achine, as th e  nam e im plies, 
sim ply ram s th e  sand. Q uite  heavy casting  moulds 
can  be ram m ed both  in  th e  floor and  m oulding 
boxes. T here a re  m any more types of m oulding 
m achines m ade by o th e r  well-known m akers of 
foundry  m oulding m achines and  equipm ent.

Centrifugal Casting.
In  pipe m oulding th e re  a re  various devices and 

modifications of m oulding m achines. Of course, 
th e  m ost m odern pipe m oulding o r casting  m achine 
is th e  cen trifu g a l casting  process as p rac tised  by 
th e  S tan to n  Ironw orks Company, L im ited . The 
C en trifuga l C astings Company, L im ited , Scotland, 
also m ake some w onderful castings cen trifugally .
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In  the  hollow-ware foundries very few power 
m oulding m achines are  used, nor in  th e  tex tile , 
stove g ra te  or ra d ia to r  foundries. In  rad ia to r 
foundries, i t  is though t, machines are  employed 
for m aking th e  cores. D uring  the  Glasgow Con
ference period a  v is it was paid  to  a  well-known 
company’s works. They produced in  th e ir  foun
dries la rge  quan tities of stove g ra te , ra in  w ater 
and general builders’ castings. The w riter does

F i g . 1 4 .— T h e  F i n i s h e d  T a n k  P l a t e .

not rem em ber seeing m ore th a n  about six power- 
m oulding m achines in th e  whole of th e ir extensive 
foundries, two being sand slingers, th e  rem ainder 
being large jo lt ram  m achines of G erm an origin. 
This was very s ta rtlin g , because th e  foundries 
were very large and all castings of a purely repeti
tion  n a tu re . Castings were actually  being made 
from  loose p a tte rn s  w ith considerable num bers on. 
They m ust be able to  produce cheaply, otherwise 
the  question of m oulding m achines would have 
been forced on them . The founder m ust decide 
which type  of machine will su it th e  particu la r line 
of castings to  be made.
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The w ithdraw al of the  p a tte rn  will depend on 
th e  dep th  of p a tte rn  above th e  p a tte rn  p la te . W ith  
fa irly  shallow p a tte rn s  and  p len ty  of ta p e r th e  
boxes a re  e ith e r lifted  off by h and  or th e  p la te  
lowered away from  m ould. I n  th is  case th ere  is 
always th e  danger of b reak in g  th e  edges of the 
mould and th e  sand falling  away, and th e  box 
m ust be tu rn e d  over.

A b e tte r  method is to  tu r n  the  p a tte rn  over in

P i g . 1 5 .— C r a n e  B a s e  M o u l d .

con tac t w ith th e  sand  and box, and th en  e ith e r li f t  
th e  p a tte rn  from  th e  mould o r lower th e  mould- 
from  p a tte rn . Any loosened sand can th e n  be 
easily pressed back in to  position. Such m ethods 
are  very  advisable w ith  deep moulds.

Stripping Plates.
Turnover p lates alone may n o t be su itab le  for 

deep, stra igh t-sided  o r in tric a te  m oulds; in  such 
cases various types of s tr ip p in g  p la tes a re  em
ployed to  sup p o rt and  l i f t  th e  sand from  around  
t-he p a tte rn . A sim ple s trip p in g  p la te  is some
tim es devised so th a t  when th e  m oulding box is
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tu rn ed  over and the  p la te  w ithdraw n the  strip  
p late  falls w ith  th e  box, ca rry ing  th e  sand w ith 
i t  r ig h t close to  th e  p a tte rn . In  o ther cases a 
p a tte rn  is d raw n th rough  th e  s trip p e r, and  so-on.

S trip p ing  p lates a re  very o ften  expensive. In 
stead of copying exactly  th e  shape of ou tline  of 
the  p a tte rn  th e  p la te  is sometimes made w ith  an 
opening som ewhat la rger th a n  the p a tte rn  around

F i g .  16.— A n n e a l i n g  P a n  M a k i n g .
F i l l i n g  i n  t h e  M o u l d .

which i t  is placed and a fusible m etal poured in to  
th e  space thus formed. Some w onderful and in
genious com binations of s tripp ing  p lates are 
employed in  th e  m otor-car trade .

Core-m aking m achinery follows on very much 
the  sam e lines as m oulding machines. Also, there  
a re  m achines on  which can be made both  round 
and  square cores a f te r  th e  fashion of th e  sausages. 
The same type of cores can be made in  tubes in 
short lengths ram m ed by hand , and  are then  
ejected from  th e  core box mechanically.
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Jolt Machines.
T he p lain  ja r -ra m  m achine e lim ina tes h and  

ram m ing, the  m aking of jo in ts , and in  m any cases 
th e  c u ttin g  of ru n n e r  gates, e tc . E ven w ith  a 
p lain  jo lt th e  tim e saved can he very considerable, 
as th e  tim e to  ram  sand  moulds can exceed 50 per 
cent, of th e  to ta l tim e  to  m ake th e  complete 
mould. L arge moulds can  be ram m ed in about 
30 seconds.

F i g . 17.— A n n e a l in g  P a n  M a k i n g .
R a i s in g  t h e  M o u l d .

A ja r r in g  tu rn o v er and  p a tte rn  d raw ing  m achine 
goes much fu r th e r  and cu ts  o u t th e  labour of 
tu rn in g  th e  box over by h and  or crane an d  th e  
d raw ing of th e  p a tte rn , which is done m ore 
stead ily  th a n  by hand , w ith  the  consequent saving 
in repa irs .

J a r  and s tr ip p in g  m achines tak e  a sh o rte r cut 
to  th e  complete mould. A fte r ja r r in g , th e  sand  
and  box is s trip p ed  upw ards from  th e  p a tte rn  or 
th e  p a tte rn  is draw n downwards th rough  th e  
s tr ip  p late , w hilst th e  ja r  squeeze and s tr ip p in g  
m achine cuts o u t also th e  fla t ram m ing of th e  
Lop of th e  sand a f te r  jo lting .
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The p lain  squeezer m achine cuts o u t most of the 
hand ram m ing only, always rem em bering th a t  
there is th e  saving in  all types of machines of the  
making of jo in ts  and cu ttin g  of gits, and, again, 
the more perfect p a tte rn  draw  and lifts  which 
reduces mould rep a ir, as previously sta ted .

There is an air-opera ted  squeezer m achine which 
is described as th e  sand stradd le r. I t  is m ounted 
on wheels, th e  body having a wide span to  enable

F i g . 1 8 .— A n n e a l in g  P a n  M a k i n g .
L o w e r in g  t h e  M o u l d .

th e  m achine to  pass over or stradd le  th e  sand 
heap which is piled in  long rows. As th e  moulds 
a re  m ade the  machine is pushed forw ard, thereby 
avoiding th e  labour of ca rry ing  th e  completed 
moulds any distance.

I t  seems hard ly  necessary to  explain w hat hap
pens when sand is jo lted  in  a container like a 
m oulding box. E ach  jo lt of th e  m achine can be 
equal to  hundreds or even thousands of blows by 
the  o rd in ary  hand  ram m er. F ram es are  usually 
placed above th e  flask to  provide sufficient sand



completely to  fill th e  flask when ram m ing  is com
plete. I t  is b e tte r  to  e r r  on th e  side of feeding 
in too much sand ra th e r  th an  too little . Some
tim es when jo ltin g  large moulds, especially the 
bottom  p a rt , sand  is first fed in  to  reach a certa in  
p a r t of th e  p a tte rn  a f te r  jo lting , incidentally  
allowing the  m oulder to  tu ck  v ita l p laces; then  
sufficient sand is again  piled in  th e  box com
pletely to  fill th e  box a f te r  jo lting . Only in very
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F i g . 1 9 .— A n n e a l in g  P a n  M a k i n g .
R e m o v i n g  t h e  M o u l d .

ra re  oases is i t  necessary to  ram  th e  mould in  
more th a n  th ree  stages. The m oulder should help 
th e  sink of th e  sand by spreading th e  sand  o u t
wards from  th e  m iddle as jo lting  proceeds. I f  
th e  contour of th e  p a tte rn  is such th a t  th e re  are  
no projections th e  ram m ing  is ideal. B u t, as will 
be im agined, th e  sand d u ring  jo ltin g  will sink  
away under p rojections. To overcome th is  w eak
ness in the  ram m ing process various devices are  
adopted . In  m any cases a simply blocking and 
coring o u t under th e  pro jection  is all th a t  is
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needed. In  o th e r cases blocks of wood a re  placed 
above these projections, and a fte r  jo lting  taken  
away to  allow th e  so ft places to  be hand  ram med. 
In  certa in  cases a hole suitably  shu tte red  can be 
arranged  for in the  side of th e  m oulding box, so 
th a t  a f te r  jo ltin g  difficult and undercu t portions 
of the  mould can be ram m ed by hand. Oil sand 
cores can be m ade to  form  certa in  p a rts  of a mould 
and inserted  in th e  m oulding box before filling in

F i g . 2 0 .— A n n e a l in g  P a n  M a k i n g .
M a c h in e  T a b l e  T i l t e d .

th e  sand and jo lting . Oil sand cores can also he 
located in th e  mould d u ring  the ram m ing up stage 
to form stu rdy  seatings or p rin ts  for receiving 
and holding heavy cores. P roperly  made oil sand 
cores will s tand  th e  jo lting  very well indeed. 
There are  m any o ther devices, b u t the  above out
line will se t th e  candida te  for jo lt ram m ing th in k 
ing along th e  rig h t lines.

C are m ust be exercised when p reparing  facing 
sand for jo lt ram  m achine“. The sand m ust 
posssess sufficient p lastic ity  a t  the  mould jo in t to
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re ta in  a perfec t ou tline  of the  p a t t e r n ; above the  
jo in t and  over th e  rem ainder of th e  p a t te rn  i t  
can be a li tt le  more open. The backing up sand 
is no t so im p o rtan t, b u t i t  should have th e  pro
p e rty  of cohesiveness. One advan tage  in  favour 
of th e  jo lt ram  m achine is concerned w ith th e  
fac ing  sand. "When once th e  p a tte rn  is covered 
w ith facing  and  th e  backing sand filled in, th e  
jo ltin g  action  never d istu rbs th e  facing  m ateria l, 
th e re fo re  th e re  is no' possibility  of th e  rough black 
backing sand  g e ttin g  in contac t w ith  th e  p a tte rn .

F i g. 2 1 .— A n n e a l i n g  P a n  M a k i n g .  
P o l k i n g  t h e  M o u l d s .

As facing sand en ta ils  considerable cost to  b rin g  i t  
to  th e  r ig h t condition , i t  can be used sparing ly  
w ithou t fe a r  of any p a r t  of th e  p a tte rn  becoming 
exposed to  th e  rougher backing sand.

H ydraulic M oulding M achines.
The systems as p rac tised  by th e  B onvillain  and 

R onceray Company fo r use“ on th e ir  hydrau lic  
m oulding m achines seem to  be developm ents of the  
early  work of such men as Jobson and  certa in  
G erm an and F ren ch  inventors. I t  is th o u g h t 
they  have e ith e r th ree  o r four p a te n te d  systems. 
They teach  th e  pu rchaser how to m ake m atch  and 
p a tte rn  p la tes alm ost en tire ly  by th e  m oulder.



The system, term ed  “  The Reversing P a tte rn  
P la te ,”  used to  be arranged  som ething like the  
follow ing: The o rd in ary  wooden p a tte rn  is made
to  make a sand mould in  th e  usual way, using a 
m achined and correctly  fitting  tw o-part box with 
special p inn ing  arrangem ent. A fte r th e  top  p a rt 
has been tak en  off th e  two half boxes are placed 
together, jo in ts  upw ards, th e  m achined sides of 
th e  boxes securing exac t alignm ent re la tive  to  the  
p a tte rn  o r p a tte rn s  in  th e  m oulding box. The two
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F i g . 2 2 .— N o .  1 A ja x  P a t t e r n  D r a w in g  M a c h in e .

p a rts  a re  bolted together, a  fram e is placed on 
th e  two boxes and filled w ith  plaster-of-paris, th e  
resu lting  p las te r p a tte rn  p la te  holding both  halves 
of th e  p a tte rn . Two sand impressions tak en  from 
such a p la te  and  placed together will m ake a 
mould contain ing  two castings, thus allowing pro
duction on one m achine. I t  pays to  adopt th is  
m ethod for num bers of 100 off each piece.

F or num bers of more th a n  100 i t  pays to  make 
a  more substan tia l p a tte rn , so th a t  a gypsum p la te  
is m ade faced w ith  a th in  layer of w hite m etal. 
To m ake such a p la te  a complete mould is made 
in the  usual way, well smoothed and blackened to  
g ive a high polish. Sand moulds a re  then  m ade
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from th is  sand mould, g iving a reproduction  of 
th e  p a tte rn  in sand. The face of the  sand p a tte rn  
is th en  carved all over to  a dep th  of abou t £ in . 
to  \  in. W hen the  tw o sets of ha lf boxes a re  
placed together a hollow space is form ed, in to  
which a w hite m etal is poured, th u s  giving, a layer 
of abou t ¿ t o  |  in . of m etal. The hollow m etal 
p a tte rn  is placed in an iron fram e and backed -with 
Gypsum. P a tte rn s  a re  quickly and  easily  made.

I f  th e  reversing p a tte rn  p la te  is considered 
cumbersome, two p lates can be m ade, one hav ing  
th e  top  im pression and th e  o ther th e  bottom  im-
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F i g . 2 3 .— M o u l d in g  A u s t r a l ia n  A x l e  B o x e s . 
T h e  P a t t e r n  M o u n t e d .

pression. In  such a case i t  is usual to  work on 
two machines.

M any m odifications of th e  above m ethods have 
been general in  m ost d is tric ts  for m any years.

B uilt-up  P attern  P lates.
The bu ilt-up  p a tte rn  p la te  is a  te rm  which can 

be explained in two ways. One could describe a 
m achined p la te  on which is b u ilt one or m ore 
p a tte rn s  w ith  ru n n e r  gates as a bu ilt-up  p a tte rn  
p la te , b u t th e  te rm  is applied mostly to  describe a 
p la te  m ade up of a  num ber of small p la tes  held 
together in a common fram e. One or more of th e  
p lates can be taken  o u t of th e  fram e and replaced 
by o thers as desired. The sm all p la te s  a re  ab o u t 
£ in. th ick  and m ade in  th e  same m anner as th e
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reversing p lates as explained earlie r. The follow
in g  p ic tu res and  rem arks will illu s tra te  th e  m aking 
of various substan tia l castings on th e  “  A jax  ” 
ja r r in g  machines.

Figs. 9 and 10 show th e  p a tte rn s  and moulds of 
a 12-in. elbow pipe. Some of th e  moulds a re  cored. 
The half p a tte rn  is seen on th e  tu rn o v er tab le  of 
the  m achine, a  half-m ould on th e  crane chains 
and a complete casting  fron ts th e  machine. The 
production is 12 castings per day.

F ig . 11 gives a p ic tu re  of the  moulding of a 
large anchor, th e  ha lf p a tte rn  of which is secured

F ig . 24.—Axle Box M aking. M ould E levated 
R eady for T urning Over .

to  th e  tu rnover table of a No. 20 “ A jax  ”  J a r r in g  
Turnover M achine. F ig . 12 shows a complete half 
mould res ting  on th e  mould carriage. The size of 
th e  m oulding box is 6 f t .  9 in. x 6 f t .  9 in . x 19 in. 
deep on th e  one side and tap e rin g  down to  12 in. 
on th e  o ther. The o u tp u t was th ree steel anchor 
castings per day.

F igs. 13 and 14 show a 5 f t .  sq. ta n k  p la te  made 
on a No. 20 “ A jax ” p la in  ja r  m achine. F ig . 13 
depicts th e  bottom  and  to p  moulds. The top 
mould is proof th a t  flat tops can be ja r  ram m ed 
w ith com plete success. The boxes are 6 f t .  2 in. 
x 5 f t .  7 in . x 7 in. deep. The im portan t po in t 
to  consider when ja r  ram m ing  fla t top  p a rts  is to  
have th e  bars th e  correct distance from  th e  face 
of th e  p la te  and th e  bevel edge of th e  bars a t the
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correct angle. F ig . 14 shows th e  flange side of the  
casting.

F ig . 15 describes a la rge  mould for a  c ran e  base, 
the  size of box is 9 f t .  x 7 f t . 10 in. x 22 in . for 
th e  d rag  and  th e  dep th  of th e  core box is 14 in. 
The m achine used fo r these moulds is a  No. 24 
tu rn o v er m achine, th e  size of th e  tu rn o v er tab le  
being 10 ft. x 7 f t . Such a  m achine is in  use in  a  
large foundry  in  th e  N o rth  of E ngland .

The p ic tu res from  F ig . 16 to  F ig . 21 give the  
m ethod of m oulding annealing  p an  castings, these 
castings being extensively used by th e  m alleable

F i g . 25.—M a k in g  A x l e  B o x e s . T h e  M o u l u  
b e i n g  T u r n e d  O v e r .

iron founders in  th e  process of an nea ling  castings. 
F ig . 16 shows th e  op e ra to r filling in  th e  sand. The 
box is a  perm an en t fix tu re  on th e  m achine tab le  
along w ith  th e  p a tte rn . The moulds a re  p ra c ti
cally boxless in  a sense, th e  complete mould being 
contained inside a p erfo ra ted  sheet steel slip case 
w ithou t lugs o r pins. F ig . 17 depicts th e  mould 
elevated, a cast iron  bottom  p la te  be ing  tem 
porarily  clam ped to  the  top . The handles of th e  
bottom  p la te  a re  b en t to  allow hand  room fo r th e  
two m en who carry  o u t and lower to  th e  floor. 
The clam ping device is a fix tu re to th e  p e rm an en t 
box. In  F ig . 18 is seen th e  m ould con ta ined  
w ith in  the sheet steel shell being lowered away 
from  th e  p a tte rn  which is located w ith in  th e  p er
m anen t box. N ote th e  perfo ra tions th ro u g h  th e
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sheet steel sh e ll; they  provide for ven ting  the 
mould. Again, in  F ig . 19 is shown two men carry 
ing away a  completed mould. A nother mould is 
seen on th e  floor close to th e  m achine. These 
moulds leave th e ir  own core, and in  th is  p ic tu re  
th e  green-sand core is visible and a  po rtion  of th e  
five-spray gate  on the  jo in t a t  th e  le f t of the 
photograph. N ote th e  perm anen t box in an in 
verted  position on th e  m achine tab le . F ig . 20 
shows th e  machine tab le  tilted  and the  opera to r 
blowing out any loose sand. The p a tte rn  is located

F i g . 2 6 .— M a k in g  A x l e  B o x e s . T h e  M o u l d  
C o m p l e t e l y  I n v e r t e d .

in  th e  cen tre  of th e  perm anen t box. In  F ig . 21 is 
shown a row of moulds covered and in  th e  process 
of being poured. The top  p a rts  a re  very shallow 
and are  ram m ed by hand, the  box resting  on a flat 
p la te  fixed to  two supports a t  a s tan d ard  working 
heigh t fo r th e  operator. The m achines used are 
th e  No. 6 “  A jax ”  ja r r in g  tu rnover, and th e  o u t
p u t is 100 12-in. pans per day  from  each m achine. 
This p la n t is in  operation  n ear B irm ingham .

A method of moulding the  pew  B ritish  s tandard  
12-ton axle box has been previously described.*

This m ethod utilises two No. 6 ja r r in g  tu rnover 
m achines w orking as one u n it. The presen t actual 
o u tp u t fo r th e  two m achines is 50 complete axle 
box castings, or 100 half castings. F ig . 22

.F o u n d r y  T r a d e  J o u r n a l ,  J a n u a r y  31, 1924, p a g e  8 8 .
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describes the  la te s t in troduction  of the  “  A jax  ” 
ja r r in g  m achine. This m achine is a  size No. 1, 
w ith  p a tte rn  draw ing device. I t  is an  all-round 
a ir  and  oil controlled m achine; th e  draw  is oil 
controlled an d  the  m oulding box ad ju s tm en ts  a re  
a ir  controlled, th u s dispensing w ith th e  use of 
spanners and  so saving tim e  and  energy. The 
m achine accommodates about 10 d ifferen t sizes of 
boxes.

The views from  Figs. 23 to  27 illu s tra te  th e  
operations when m oulding tw o large locomotive

F i g . 2 7 .— M a k in g  A x l e  B o x e s . S t r i p p i n g  
t h e  P a t t e r n .

axle boxes of the  A u stra lian  type. The first photo
g raph  shows th e  two p a tte rn s  on th e  p a tte rn  p la te  
and fixed to  th e  m achine table.- F ig . 24 shows th e  
tu rnover tab le  and mould elevated and  ready  for 
tu rn in g  over. F ig . 25 shows th e  mould being 
tu rn ed  over, th e  p ic tu re  F ig . 26 w ith  th e  mould 
and tab le  completely inverted  and F ig . 27 th e  
p a tte rn s  draw n from  th e  mould. The size of th e  
m oulding box i s '5  in . to  6 in. d ia. x 24 in . deep, 
fw o  p a rts  bolted to g e th e r form  th e  com plete box. 
The castings a re  steel and  m ade in  a  la rg e  steel 
foundry  in  th e  N o rth  of E ngland .

The n e x t p ic tu re , F ig . 28, gives a view of a 
special plain_ ja r  m achine fo r ram m ing long cast
ings; i t  is size No. 20. Such castings as flanged 
pipes, lam p-posts, etc., are  made on th e  m achine.
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This typo of machine is operated  e ither by electric 
power o r pneum atic . ■

Much of the  im provem ent ascribed to  moulding 
m achines is due to  th e  excellent provision of 
tackle. In  m any foundries, if tack le  was made to 
su it the  work m ade from  loose p a tte rn s , improve
m ent in  quality  and o u tp u t would be noted, 
although falling  fa r  sho rt of the o u tp u t by modern 
m oulding machines.

W hen m aking  tackle for use on any type  of 
m achine th e  following sketches and h in ts are  w orth

F i g . 2 8 .— A N o . 20 A ja x  M a c h i n e  f o b  L a m p  
P o s t s ,  e t c .

considering. They apply more particu larly  to  the 
jo lt ram  machine.

Fig. 1 shows on th e  le f t side th e  correct way to  
shape a box b a r ;  th e  righ t-hand  side of th e  sketch 
describes th e  usual way in which bars a re  made, 
b u t i t  is th e  wrong way. By constructing  th e  
bars w ith  a g radual taper, as seen in Sec. A, in 
stead of like Sec. B, and th e  b ar cu t o u t instead 
of following the  con tour of the  p a tte rn , the  sand 
d u ring  jo lting  will se ttle  under th e  bars more 
easily, th u s  avoiding soft places. F ig . 2 gives a 
rec tangu la r shape, and shows on th e  righ t-hand  
side th e  correct way to  m ake the  bar. By notch
ing th e  b ar in the  way described the  sand is b e tte r 
accommodated. Again, in F ig . 3 is shown on the
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le ft of th e  sketch th e  co rrect design of th e  b ar, and  
on th e  r ig h t th e  w rong design, especially w hen i t  
is desired to  l i f t  o u t cods of sand which have m etal 
on th e  faoe of them . F ig . 4 shows by do tted  lines 
th e  way such a b a r  should be m ade. V ery o ften  i t  
is inconvenient to  have snugs and  tru n n io n s  on 
th e  sam e box. In  oerta in  cases th e  com bination 
of tru n n io n  w ith  p in  hole, as described in  F ig . 7, 
is very useful.

In  foundries m aking heavy castings much labour 
and tim e can  be saved by m aking one o r more 
cast-iron  p lates m achined an d  lined  in  f t .  sqs., 
as described in  F ig . 5. In  m any instances, as 
when m aking  large flywheels up to  15 tons, only 
one-half p a tte rn  need be m ade, which is correctly  
dowelled on th e  p la te . Q uite a v a rie ty  of heavy 
castings can be m ade in  th is  way. W hen one con
siders a large m oulding box and  th e  labour of 
lif t in g  sand  and  o th e r m ateria ls  to  a  considerable 
heigh t, th e  u ti li ty  of th e  p la te  will become evident. 
By correctly dowelling on th e  p la te  each half mould 
can be ram m ed up separa te ly  a t  a convenient 
h e ig h t from  th e  floor. F ig . 6 is a  sketch of a  bar 
tem p le t for d rilling  p in  and dowel holes in such 
plates and  boxes. The cups B can be ad ju s ted  fo r 
various sizes of boxes, etc.
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West Riding of Yorkshire Branch.

METALLURGICAL COKE.

By A. Jackson, Associate M em ber.

The first coke m anufactu rers followed the methods 
of the  old charcoal-burners—th a t  is to  say, coal was 
first carbonised in  large  open piles or heaps. A ir 
was allowed free  access du ring  the  early  stage of 
th e  process, and g radually  cu t off by blocking up 
the  airholes w ith  breeze as th e  carbonisation  pro
ceeded. These heaps were rec tan g u la r in  shape, 
and  sometimes a tta in ed  a leng th  of 200 ft . To 
build  u p  th e  heap a line was first stre tched  in 
th e  direction  of the  axis, and large pieces of coal 
placed on e ither side of it. O ther la rge  pieces 
a re  placed so th a t , by coming together a t  the 
top, they  form ed a tr ia n g u la r  gallerv ru nn ing  the 
whole length  of th e  heap. The heap would then  
be b u ilt up  w ith sm aller coal u n til i t  a tta in ed  a 
w id th  of about 5 f t . a t  e ither side of th e  cen tral 
channel. In  o rder to ligh t th e  heap stakes were 
placed a t  regu la r in tervals, ru n n in g  from the  top 
of th e  heap, in to  th e  cen tra l channel. This le ft 
a series of chimneys, in to  which burn ing  coal 
was in troduced, so th a t  th e  p ile  is fired a t  many 
points a t  th e  same tim e ; ignition  becomes 
general, and  coking commenlces th rough  its  
whole ex ten t. The m an in  charge has now to 
p rev en t th e  action from  going too fa r , and as soon 
as he observes th a t  th ick  smoke and flames have 
ceased to  be evolved in any  p a r t—in o ther words, 
as soon as he sees th a t  th e  volatile m a tte r  has 
been driven off—he prevents th e  en trance of a ir 
a t  th a t  p o in t by covering i t  w ith  a  coating of 
breeze. A fte r com plete carbonisation , th e  heap 
would be allowed to  cool fo r several days, the  
coke then  w ithdraw n and quenched w ith w ater. 
This m ethod was obviously w aste fu l; n o t only 
w ere th e  by-produots lost, b u t some of the  coal 
was b u rn t to  ash, and u ltim ate ly  th e  process 
gave way to  beehive coking.



284

B eehive Coking.

The oavity of th e  beehive oven, which is ab o u t 
9 f t .  in  d iam eter and  3 f t .  6 in. h igh , is in te rn a lly  
lined w ith  firebricks, w ell-jointed in  re frac to ry  
clay. The form  resembles th a t  of a beehive, 
hence its nam e. A t th e  top  of th e  dome is a 
c ircu lar a p e rtu re  or- chim ney, which can be closed 
by m eans of an iron  p late . A sligh tly  arched 
doorway abou t f t . square  is also le f t for the  
purpose of charg ing  th e  oven and w ithdraw ing  
th e  coke. This opening is s treng thened  by a 
heavy cast-iron  fram e. An oven of th is  ty p e  
would ta k e  a charge of abou t 3 tons of coal, 
which is e ither in troduced th rough  th e  door as 
s ta ted , o r, in  some cases, th ro u g h  a  hole in  th e  
top of the oven. The oven is charged w hilst hot, 
th a t  is to say, im m ediately a f te r  th e  w ithdraw al 
of th e  previous charge, so th a t  th e  coal im m e
d iately  begins to  give off its  volatile  m a tte r , 
w hich escapes th rough  an  a p e rtu re  in  th e  dome. 
A fte r charg ing , th e  door is closed by m eans of 
firebricks loosely p iled , so th a t  a lim ited  am oun t of 
a ir  en ters th e  oven. This ign ites th e  gases, and  
th e  tem p e ra tu re  of th e  oven and  conten ts rap id ly  
rise. A fte r abou t th re e  hours th e  a ir  supply is 
g radually  c u t off. In  about fo rty -e igh t hours 
from th e  tim e of charg ing , th e  coking period  will 
be over, and th e  oven cooled down sufficiently for 
draw ing. F o r  th is  purpose, a la rge  iron  shovel 
is used, suspended by a  piece of chain from  a  
crane, and th is  allows th e  w orkm an to  handle 
large q u an tities  w ith  com parative  ease. T he coke 
is th in ly  d is tribu ted  on th e  floor, quenched, 
and wheeled aw ay in  iron barrow s. In  some cases 
th e  coke is quenched inside th e  oven by 
means of sp ray ing  w ater u nder p ressure. C are 
m ust be tak en  n o t to  reduce th e  te m p e ra tu re  of 
th e  oven so much th a t  i t  canno t ig n ite  th e  suc
ceeding charge.

Q uenching and Sulphur Content.

This m ethod of quenching is said to  reduce th e  
sulphur con ten t of the  coke, th e  decom position 
of th e  w ater ca rry ing  off some of th e  su lp h u r as 
su lp h u re tted  hydrogen. I t  is also claim ed th a t ,  
as th e  w ater is im m ediately converted  in to  
vapour, i t  has no bad effect upon th e  open walls.
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The quenching of coke in  a  non-oxidising atm o
sphere has th e  effect of producing a  b righ ter 
coke, more silvery in  appearance. In  th e  beehive 
coking, carbonisation  proceeds from  the  top  
downwards—th e  th icker the  charge th e  longer 
th e  coking period—so th a t ,  by regu la ting  the  
dep th  of th e  charge, th e  coking period may also 
be regu la ted . Coke made on a  small charge, 
known in  A m erica as tw enty-four-hour coke, con
ta in s  a h igher percen tage  of ash, by reason of 
the  fa c t th a t  th e  carbon a t  th e  to p  will be b u rn t 
away. Also, th e  bottom  will be spongy, and  will 
re ta in  some of its  volatile m a tte r  because of the 
re la tive  low tem p era tu re  a t  th e  bottom  of the  
oven. The dem and, therefore , so fa r  a s  Bee
hive coke is concerned, is for a m a te ria l m ade on a 
deeper charge. In  such coke th e  percen tage of 
tops and bottom s is n o t unduly  h igh, and  forty- 
eight- to  seventy-tw o-hour coke will fetch  a  higher 
price  for foundry  work. F rom  w hat has been 
said i t  will be seen th a t  th e  f ra c tu re  of Beehive 
coke depends on th e  depth  of th e  charge; th e  
pieces m ay be as long as th e  charge is deep. In  
by-product coke, where carbonisation  takes place 
from  th e  sides, form ing a p ipe in  th e  centre of 
th e  coke mass, th e  m axim um  size of coke m ust 
be less th a n  half th e  w idth of th e  oven. The 
Beehive ovens were also w asteful by reason of the  
loss of th e  valuable by-products, and, as fa r  as 
E urope is concerned, have  almost become ex tinc t. 
In  America, where the  by-product ovens were 
introduced la te r  th a n  in  E urope, th e  Beehive 
ovens lingered on fo r some tim e, b u t a re  now 
rap id ly  giving w ay to  th e  modern m ethod. So 
th a t , a lthough  th e  by-product oven was n o t in tro 
duced in to  America u n til 1892, d u ring  th e  year 
1913 some twelve million tons, o r a q u a rte r of 
th e  to ta l supply of m etallurgical coke fo r th a t  
year, was produced in  by-product ovens.

Coking Coal.

Good quality  m etallurg ical coke calls for a 
special ty p e  of coal. Coking coal belongs to  the  
bitum inous o r sem i-bitum inous varie ty . G runcr’s 
classification of coals is based upon th e ir  
coking properties. The volatile conten ts of coal 
is n o t an  infallible gu ide as to  its  coking pro- 
perties. S. W ales coal, w ith volatile  m a tte r  as
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low as 15 per cent., yields a  good coke, w hilst 
o th e r coals hav ing  a  con ten t of 40 p e r  cen t, will 
n o t coke a t  all. The position, therefo re , so fa r  
as th e  volatile  m a tte r  of coal is concerned, is 
q u a lita tiv e  ra th e r  th a n  q u an tita tiv e , and  is 
a t te n d a n t upon th e  n a tu re  of th e  volatile m a tte r . 
U n til recen tly  very li t t le  w as known as to  th e  
cause of coking properties in  coal. Stokes and 
W heeler, in th e ir  m onograph on th e  co n stitu tio n  
of coal (1918), have collected th e  available 
d a ta , an d  have them selves m ade o rig in a l co n tr i
butions to  a solution of th is  problem, and  i t  
would now ap p ear definitely th a t  th e  coking 
properties a re  due to  c e rta in  resinous con
stitu e n ts  of coal. These resinous constituen ts  
undergo a period of inc ip ien t fusion, o r soften
ing, and  ac t as a  b ind ing  agen t, so th a t  th e  
frag m en ts  coalesce and  yield a  com pact coke. 
The presence o r absence of these resinous com
pounds, therefore , determ ine  w hether th e  coal is 
coking or non-coking, and  d e te rm ine  th e  s tren g th , 
hardness, and  density  of th e  re s u lta n t coke. Coal 
is a  most in trac tab le  substance in  th e  labora to ry . 
I t  is insoluble, and resists m any re-agen ts, and  
except by th e  process of destructive  d is tilla tion  
does n o t read ily  lend itself to  exam ination . 
However, by th e  a id  of ce rta in  solvents i t  has 
been possible to  sep ara te  th e  resinous com pounds 
from  th e  coal, and  i t  h as been proved conclu
sively th a t  coking coals, a f te r  tre a tm e n t w ith  
these solvents, e ith e r would n o t yield coke, or 
yielded coke of very ind ifferen t quality . F o r 
some purposes, i t  would he possible to  classify th e  
volatile m a tte r  o f coal u n d e r tw o general 
headings, viz., hum us and  resinous. P robably  
a  numiber of bodies, vary in g  li tt le  in  com
position, whose exact com position, indeed, is 
probably unknow n, w ould he placed u n d e r each 
heading. All won Id con ta in  carbon, hydrogen, 
and  oxygen, th e  hum us bodies hav ing  th e  h igher 
oxygen con ten t. T h a t is why in  tw o coals of 
alm ost iden tica l composition one will coke and 
th e  o th e r will no t. I t  has been s ta te d  th a t  th e  
resinous bodies produce coke ow ing to  th e  fao t 
th a t  they  leave behind a p itch  which b inds th e  
coke. The hum us bodies w ill n o t coke ow ing to  
th e ir  low p itch-form ing  n a tu re . I f  th e  hum us
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bodies a re  in  excess, i t  gives a  non-coking co a l; 
if th e  resinous bodies predom inate, i t  gives a 
coking coal. T he hum us bodies contain  a  hea t 
value below th e  average; if, therefore , th e  hea t 
value of a  coal as ascerta ined  by th e  calorim eter 
falls below th e  calculated value, as calculated from, 
say, D ulong’s form uke, i t  is c e rta in  th a t  th e  
hum us bodies contain  a  g re a te r  percentage of 
oxygen. This is shown by  th e  analysis of th e  
th ree  following coals, figures calculated o u t upon 
an  ash and  m oisture free  b a s is : —

Table I .— Composition and Coking Properties 
of Coal.

No. 1. No. 2. No. 3.
Non-Coking Semi-Coking. Coking.

Carbon 82.65 83.16 85.41
H. 5.55 5.18 5.36
0 . 10.10 8.98 7.22

The coking properties of these coals as shown by 
the  sand te s t were in  th e  following r a t io s :—No. 1, 
3,9; No. 2, 4 .4 ; and No. 3, 13.5 per cent.

The relationsh ip  of th e  oxygen to  hydrogen was 
as follow s: —

No. 1. No. 2. No. 3
Oxygen   10.10 8.98 7.22
H y d ro g e n   5.55 5.48 5.36
Excess oxygen ... 4.55 3.50 1.86
I t  w ill he seen, therefore , th a t  as th e  excess 

oxygen increases th e  coking properties fall, because 
the  hum us bodies ge t m ore and m ore in  excess. 
The sam e resu lt occurs if for any  reason coal takes 
up oxygen from  th e  atm osphere. D uring  a  recen t 
coal s trike , when i t  became necessary to  use up 
stocks which had  been w eathered for long periods, 
i t  was noticed th a t  th e  coking power of th e  coal 
had  been seriously im paired . Ash is ano ther 
im p o rtan t fac to r in selecting a coal fo r coking 
purposes.

Ash and Sulphur Content.
Professor K endall, du ring  a  discussion a t  the  

B ritish  Association, pointed  o u t th a t  th ere  are  
th ree  sources of ash in  c o a l:— (1) The m ineral con
s titu e n ts  of th e  p la n t form ing the  coa l; (2) 
d e tr ita l m a tte r  blown or washed in to  th e  d ep o s it; 
(3) la te r  infiltered veins. The whole of the  ash
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th a t  in  o rder to  keep th e  ash con ten t of coke below 
10 per cen t., and  assum ing a coke yield of 70 p er 
c en t., th e  ash in  th e  coal m ust n o t exceed 7 p er 
cent. The whole of th e  phosphorus rem ains in  th e  
ash, so th a t  th e  q u a n ti ty  is n o t reduced d u rin g  
carbonisation . A ce rta in  am ount of su lp h u r is 
lost du rin g  th e  carbonisation  process, passing off 
w ith th e  gas in  th e  form  of su lp h u re tted  hydrogen, 
carbon bisulphide, etc. The d is trib u tio n  of su lphu r 
d u rin g  carbonisation  was com piled by S ho rt in  
1907, w orking on a D urham  coking coal hav ing  a 
su lphur con ten t of 0.824 per cent. The resu lts  
showed a  loss in  su lphur, so fa r  as coke is con
cerned,, of abou t 27 p er cen t, which, though  i t  m ay 
n o t be s tr ic tly  t r u e  for all coals, i t  is in  line w ith  
personal experience. W ork ing  on a  washed 
“  B e tte r  Bed ” coal w ith  abou t 0.45 per cent, 
su lphur, and coke yield of 70 per cen t., th e  coke 
will show a sligh tly  h igher p e rcen tage  of su lphu r 
th an  th e  orig inal coal, say 0.50 per cent.

Coal W ashing.
Coal is washed before coking in  o rder to  reduce 

the  shale and d ir t  p resen t, and  th is  enables fine 
coal, too  small for h an d  p ick ing  to  be used. Coal 
w asheries a re  based upon th e  princip le  th a t  bodies 
of d ifferent specific g rav ities a tta in  d ifferen t veloci
ties  in  fa lling  th rough  any m edia—in th is  case, in 
fa lling  th rough  w a te r ; th e  specific g rav ity  of th e  
coal being abou t 1.3 and th a t  of th e  shale  about 
2.3. T he im purities, therefo re , sink  first, an d  th u s  
we get tw o layers, one of d ir t ,  th e  to p  layer of 
pu re  coal. This top  layer is ca rried  away by th e  
flow of w ater, and afterw ards stam ped and  caked. 
I t  has been proved repeated ly  th a t  by crush ing  
coal finely a fa r  superio r coke can be produced 
th a n  by charg ing  th e  sam e coal uncrushed.

By-product Ovens.
T he d is tingu ish ing  fea tu res of th e  by-product 

oven are, p rim arily , th e  recovery of th e  p roducts 
of d is tilla tion , and, secondly, th e  ex te rn a l h e a tin g  
of th e  coal, th e  gaseous products being draw n o u t 
of th e  oven in to  flues, where th ey  receive th e  a ir  
necessary for com bustion, and  th u s  produce th e  
h e a t necessary for th e  carbonisation  process. This,
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of course, increases th e  yield of coke because none 
of th e  coal in  th e  oven is b u rn t to  ash as in  th e  
older m ethods.

In  1861 Coppee produced an oven which was 
heated  ex ternally , and  from  which all a ir  was 
excluded. In  1856 K nab  and  Carves produced 
ap p ara tu s  fo r th e  recovery of t a r  and am m onia. 
These w ere first opera ted  in  F rance , and la te r 
in troduced  in to  E ngland  by Simon. There are  
m any m akes of ovens on th e  m arket, b u t most of 
them  follow to  some e x te n t the  o rig inal oven of 
Coppee and th e  Simon Carves oven. These ovens 
m ay be divided broadly in to  two classes, viz., th e  
w aste h ea t and  th e  regenerative oven. In  the  
form er cold a ir  is used fo r combustion. The a ir  
supply is ob tained  by m eans of th e  chim ney d ra f t 
being draw n in to  th e  flues from  th e  atm osphere. 
In  th e  regenerative oven th e  a ir  is heated  before 
com bustion ; th e  w aste gases, a f te r  combustion 
being used to  h ea t chequered brickwork placed 
beneath  th e  ovens. The h o t gases form ed in the  
flues h ea t up th e  chequered brickwork to the ir 
own tem pera tu re , so th a t  th e  h o t products of com. 
bustion  are  reduced from  about 1,150 deg. C. to  
300 deg. C. before they  pass in to  th e  chimney. 
An arrangem en t is provided whereby th e  fresh 
incom ing a ir  is conducted th rough  th e  ho t 
regenera to r cham ber before being used for com
bustion  w hilst th e  first regenera to r is being re 
heated  by th e  w aste gases. This process is 
reversed every half-hour. In  th e  w aste h ea t ovens 
85 to  100 per cent, of th e  gas produced is neces
sary  to  h ea t th e  ovens. This w aste gas as, of 
course, incom bustible, b u t contains considerable 
heat, and  m ay be p u t to  some use i f  used imme
diately  and  in th e  v ic in ity  of its orig in . I t  cannot 
be stored, and loses its h ea t quickly. R egenerative 
ovens only requ ire  about 50 per cen t, of th e  avail
able gas fo r hea tin g  the  ovens, th e  o ther 50 per 
cent, rem ains for o ther purposes. I t  is combustible, 
can be conveyed any distance, and can be stored 
w ithou t de terio ra tion . I n  D urham  much of the 
coal is charged in to  th e  top  of the  oven. The coal 
comes from  th e  w asher, and is allowed to  d ra in  
several days a fte r  crushing, and finally enters the  
oven w ith  from  4 to  6 p er cent, m oisture. In  
Y orkshire th e  coal is compressed in to  a cake, and
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pushed in to  th e  oven th rough  th e  door usually  by 
m eans of a  combined coal-compressing and  charg 
ing m achine.

This m achine carries a box fitted  w ith  a  movable 
side and  a  movable bottom  of th e  sam e size and  
shape as th e  in te rio r of th e  oven. The washed and 
crushed coal is dropped in to  th is  box layer by 
layer. I t  is th en  firmly compressed by m eans of 
an  au tom atic  stam per, which trav e ls  backw ards 
and forw ards th ro u g h o u t th e  e n tire  leng th  of th e  
box. In  o rder to  cake properly , th e  coal should 
con tain  about 10 per cent, m oisture. W hen m ade, 
th e  cake is conveyed on th e  m achine opposite  th e  
oven to  be charged, th e  oven door d raw n  up  and  
th e  cake pushed in to  th e  oven by m eans of a ram . 
This ram  also serves for d ischarg ing  th e  ovens, 
pushing o u t th e  coke on  to  benches s itu a te d  a t 
th e  opposite side of th e  b a tte ry . W ith  uncom 
pressed coal th e  average carbonising  capac ity  is 
6 tons per oven per 26 o r 28 hours, and  w ith  com
pressed coal from  35 to  37 hours, for ab o u t 10 tons 
of coal. In  o rd e r to  fac ilita te  th e  d ischarge of 
th e  coke, th e  ovens a re  b u il t w ith  a sligh t ta p e r , 
being usually  ab o u t h a lf an  inoh w ider a t  th e  d is
charg ing  o r coke bench side th a n  a t  th e  charg ing  
side. A fte r pushing, th e  coke is quenched by 
m eans of a quenching hood.

P hysical T ests of Coke.
The chief characteristics dem anded from  m eta l

lu rg ical coke a r e :— (1) Sufficient s tre n g th  to  w ith 
s tan d  th e  burden  in  fu rnace  o r cupola an d  to  w ith 
s tan d  crush ing  s tra in  ; (2) a c e rta in  degree of h a rd 
ness to  allow of h an d in g  w ithou t undergo ing  fra g 
m en ta tion  ; (3) a c e rta in  degree of po rosity  in 
o rder th a t  th e  coke will expose a m axim um  surface  
to  th e  gases in  th e  fu rn ace ; (4) an  ash co n ten t 
n o t exceeding 10 p e r cen t. ; and (5) su lp h u r and 
phosphorus n o t to  exceed 1.0 an d  0.05 per cen t, 
respectively.

I t  is to  be reg re tted  th a t  physical te s ts  fo r coke 
have n o t been standard ised , a lthough  to  some 
ex te n t th e  m ethods employed a re  general. The 
ap p ara tu s  used varies considerably.

Coke for cupola and  crucible purposes calls fo r 
physical p roperties vary ing  in  degree from  b las t
fu rnace  cokes, -and we suggest th a t  a useful line



of inquiry  m igh t be m ade in  th is d irection . B u t 
in order to  find o u t th e  ideal hardness, porosity, 
e tc ., requ ired  in  cupola and crucible coke i t  would 
appear to  he necessary to  first standard ise  the  
methods of m aking  th e  physical tests.
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Lancashire Branch.

THE PRODUCTION OF DIESEL ENGINE CASTINGS 
IN PEARLITIC CAST IRON.

B y A. J. R ichm an, Associate M em ber.
C ast iron , hav ing  a m axim um  p ea rlitic  s tru c tu re , 

has always been locked upon as th e  ideal for 
castings, hav ing  to  w ithstand  heavy du ty , such 
as w ear, heat, or im pact. In  th e  p as t some th o u 
sands of tons have  been produced under o rd in ary  
foundry  conditions w ith  an  analysis w ith in  the  
lim its of 1.2 to  1.4 S i; 0.6 to  1.0 P ;  0.8 to  1.0 
M n ; and  3.4 to  3.5 T.C.

F o r steam  engine prac tice  th is  class of iron  gave 
good resu lts  as regard s w ear and  physical te s t. 
The A dm iralty  transverse  te s t  of 30 cwts. on a 
2 by 1 by 36 in. b ar and  12 tons per square  inch 
tensile could be ob tained  w ithou t m uch trouble. 
W ith  th e  adven t of th e  in te rn a l combustion 
engine, engineering  firms tu rn in g  over from  steam  
engine to  Diesel engine m an u fac tu re  experienced a 
g rea t deal of troub le  from  cracked cylinder heads, 
grow th and  d is to rtion  of p istons and  cylinder 
liners.

I t  was found th a t  th e  percen tage  of to ta l carbon, 
silicon, and  phosphorus m ust foe k ep t as low as 
possible—the  phosphorus m ost pa rticu la rly , as, if 
th e  T.C. an d  Si w ere r ig h t and th e  phosphorus 
were h igh , th e  castings would n o t la s t long u nder 
repeated  im pact of an explosive engine. This 
experience caused research  w orkers to  look fo r a 
h igh  du ty  iron th a t  would s tan d  up to  th e  severe 
conditions.

Semi-steel was about th e  first h igh  d u ty  iron 
th a t  came along to  claim  its superio rity  over all 
o thers. T his was supposed to  hav e  o rig in a ted  in  
America, b u t has been proved otherw ise by T u rn er. 
The use of steel in th e  m an u fac tu re  of 
semi-steel was m ore for th e  low ering of T.C. and 
its effect on th e  condition of th e  g rap h ite  m ore 
th an  any th in g  else.
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Lanz P erlit.
More recen tly  foundrym en have heard  of Lanz 

P ea rlitic  cas t iron. In  th e  Lanz process i t  is 
claimed th a t  by p re-heating  the  mould previous 
to  o r a f te r  casting , an  iron can be used lower in 
T .C ., P , and  Si th a n  in  o rd in ary  cold-mould prac
tice. I t  is fu r th e r  claimed th a t  the  resu lting  
iron is superio r in  m ost respects to  o rd inary  cast 
iron. One can readily  unders tand  th a t  by pre
hea ting  a  mould an iron can be used lower in Si

F i g .  1 .— L a n z  x  5 0 0  D i a s .

and T.C. th an  would be possible in  cold mould 
practice.

Together w ith  th e  mould a t  a certa in  tem pera
tu re , th e  iron m ust be of a definite composition 
to  su it a casting  of a  c e rta in  thickness. I t  is 
claimed th a t  th is  iron, when cast in to  a  cold mould, 
gives a  w hite frac tu re . The physical properties 
claimed for th is  iron a re  very high, and  castings 
have th e  same s tru c tu re  in  th ick  and th in  sec
tions a lik e ; th is  fac t is claimed to e lim inate  p rac
tically  all w asters other th an  pure ly  foundry 
w asters due to  fau lty  moulds o r cores

The actual analj-sis of Lanz iron we know very 
li tt le  of. One hears of Si well under 1.0 per cent, 
and T.C. 2.8 per cent., w ith  phosphorus not above 
0.1 p er cent. I f  th is is correct, i t  will be very 
in te resting  to  h ear how 2.8 T.C. can be produced
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a t  will from  th e  cupola. I t  looks more like an a ir 
fu rnace  iron for steel works rolls.

The T hyssen-E m m el Process.
A nother process of producing  a m axim um  

P ea rlitic  iron  is th e  Thyssen-Em mel process. H ere , 
aga in , we know very li tt le  about it, o ther th a n  
its  w onderful qualities. F rom  a  foundry  m an’s 
po in t of view, if th e  claim s a re  an y th in g  to  go by, 
th is m ethod appeals to  one, perhaps, m ore th an  
the  Lanz m ethod, owing to  th e  composition of 
th e  iron , excep t th e  T.G ., being m ore in  line 
w ith  th e  irons used in  m ost foundries.

F rom  a  te s t and  analysis rep o r t on some Thyssen- 
Emm el iron  by th e  Y orkshire T esting  W orks, 
th e  analysis is given as T.C. 2.64, C.C. .83, Si 2,14, 
S .159, P  .25, M n 1.37, which gave a  tensile  
of 26.79' tons per square inch  and  1 per cent, 
e longation , and a  transverse  te s t of a  round  b ar 
gave a  resu lt equ ivalen t to  45 cwts. on a 2 by 1 
by 36 in. The te s t b a r  gave a  B rinell hardness 
of 255. As to  th e  analysis, th e  T.C. con ten t is 
very lo w : i t  is th e  process of producing  a  low 
T.C. iron  th a t  is th e  secret of th e  p a te n t. M ost 
rem arkable  is th e  h ig h  silicon co n te n t; th is  is 
where i t  differs so much from  th e  L anz iron . The 
physical te s ts  are  exceptionally  good, and  a re  fa r  
above th a t  claim ed for L anz iron. The B rinell 
num ber seems very h igh, and  th e  au th o r feels sure 
if  foundrym en m ade castings as h a rd  as 255 
B rinell they  would have th e  m achine shop people 
com plaining, as th e  au th o r has found th a t  230 
to  235 abou t th e  lim it.

B asic P rincip les.
D efinitely, to  und ers tan d  w hat p ea rlitic  cast 

iron really  is, one m ust closely exam ine w hat 
ac tua lly  takes place when m olten iron  solidifies. 
C ast iron cannot be said to  have a solidification 
po in t, b u t a  ran g e  in  which th e  d iffe ren t consti
tu en ts  solidify ou t. The analysis, mass effect, la te n t 
h ea t, and ra te  of cooling, all govern th e  leng th  
of th e  range. The lower th e  percen tage  of 
im purities in cast iron th e  sh o rte r th e  range, 
and h igher the  tem p e ra tu re  a t  which solidification 
commences.

A t about 1240 deg. G. cast iron commences to  
solidify, and, ju s t im m ediately a fte rw ards, th e
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iron carbide, which is n o t very stab le  in th e  solid 
form  a t h igh  tem pera tu res, s ta r ts  to  sp lit up , 
form ing p rim ary  g rap h ite  and  fe rrite , rh e  la t te r  
depending on th e  composition of th e  iron.

The am oun t of g rap h ite  tnrow n o u t of solution 
depends on th e  am ount of carbon, silicon, phos
phorus, m anganese, su lphur, and  ra te  of cooling, 
th e  first tw o constituen ts and  th e  la s t condition 
hav ing  th e  g rea te r effect.

The ra te  of cooling is governed by th e  size and 
th ickness of th e  casting , casting  tem pera tu re , 
tem p era tu re  of th e  mould, th e  la te n t h ea t of the 
iron employed, and th e  conductiv ity  of th e  sand. 
Cooling continues down to  about 940 deg. C. when 
th e  phosphide eu tec tic  solidifies. This po in t is 
th e  end of th e  solidification range. The am ount 
and  condition of th e  phosphide p resen t is 
governed by the  am oun t of phosphorus in  the 
iron  and  th e  r a te  of cooling. Being th e  last 
co n stitu en t to  solidify out, i t  n a tu ra lly  tends to  
segregate in to  patches, b u t if th e  percentage is 
low and th e  ex is ting  conditions favourable, it  
form s in to  a meshwork form ation  around  the 
crystal boundaries of th e  iron. To ob ta in  th is 
desired condition, th e  ra te  of cooling m ust no t 
be too slow. Secondary g rap h ite  still continues 
to  be form ed rig h t down to  ab o u t 750 to  700 deg. 
C., b u t canno t grow  very large  owing to  the  
m ateria l being completely solid.

The rem ainder of th e  carbon in  th e  iron th a t 
has no t been throw n ou t as g rap h itic  carbon, 
and is s till combined w ith  th e  iron, is le f t as 
pearlite . This pearlite  consists of a lte rn a te  layers 
of fe r rite  (alm ost pu re  iron), and  cem entite, 
which is iron carbide in  th e  proportion  of 7 of 
fe r rite  to 1 of cem entite, the  whole hav ing  about 
0.9 per cent, carbon unless o ther elem ents are 
p resen t to  affect th is .

I t  can be readily  seen from  th e  foregoing facts 
th a t  qu ite  a  num ber of changes in th e  u ltim ate  
s tru c tu re  of th e  iron can be m ade by slight 
varia tio n s of analysis and  ra te  of cooling. 
A dvantage is tak en  of th is fa c t in  th e  production  
of pearlitic  cast iron. P e a rlite  and g rap h ite  are 
very closely associated w ith  each o ther in  cast 
iron ; o ften  in  poor iron th e re  is a  layer of silicon- 
fe rrite  sep ara tin g  them , b u t under specially con
tro lled  conditions i t  is possible to  ob tain  a wholly



g rap h ite  and  p ea rlitic  s tru c tu re  w ithou t any free 
fe r r ite  being p resen t. This can only be accom
plished by w orking to  very  fine lim its as regard s 
the  ac tua l analysis of th e  cupola m ix tu re , m elting  
losses, th e  conditions d u ring  th e  passage of th e  
iron  th ro u g h  th e  cupola th e  u ltim a te  analysis 
and th e  r a te  of cooling th rough  th e  c ritica l stage, 
fo r a  c e rta in  m ass and  size casting  to  be pro
duced. The mass hav ing  a  very large effect on 
th e  u ltim a te  stru c tu re , i t  is claim ed in  th e
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Thyssen-Emmel process th a t ,  no m a tte r  w hat mass 
is cooled, i t  is pearlitic .

Superheated Iron for H eating M oulds.
The effect obtained by p re-heating  th e  mould 

by th e  L anz process can also be obtained by casting  
a t  a  very h igh  tem p e ra tu re  in to  a w arm  m o u ld ; 
th e  mould being w arm  avoids a  sudden chilling  
action  of th e  m etal when en te rin g  th e  m ould.

The pea rlite  form ed can be of a  coarsely- 
lam inated  n a tu re , or a fine u n lam ina ted  con
d ition , depending again  mostly on th e  Si con ten t 
and  ra te  of cooling. Sorbite is th e  nam e given to  
th is un lam inated  pea rlite , and n o t able to  be 
resolved a t th e  h ighes t m agnifications, and  is the  
m ost desirable condition  in cast iron  when accom
panied  w ith  small, fine, curly  g rap h ite . To o b ta in  
th is ideal s tru c tu re , an iron hav ing  a very  low
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Si, P , and T.C. con ten t m ust be used. Owing 
to  the  effect of th e  o ther constituen ts of cast 
iron and th e  ra te  of cooling on th e  condition of 
th e  carbon, to ta l carbon should n o t be above 
3.2 p er cent., or large, s tra ig h t flake g rap h ite  is 
likely to  be formed. Phosphorus should no t be 
above 0.3 per cen t., preferab ly  under 0.2 per 
cen t., owing to  its  tendency to  segregate.

C asting w ith  a h igh  percentage of superheat 
and  th e  subsequent fa irly  slow cooling th rough  the 
critical stage , even a small percentage of phos
phorus is likely to  segregate. W hen th is  happens, 
th e  resu lting  iron does not give such high 
physical tes ts  as when the  phosphide is in th e  most 
desirable fine mesh work form ation. M oderately- 
high m anganese is desirable, b u t no t essential, 
as long as th e re  is enough p resen t to look a fte r  
th e  sulphur, and  help  th e  stab ility  of th e  pearlite , 
as th e  effect of th e  m anganese rem ains to  help to  
hold th e  carbon in th e  combined s ta te . Sulphur 
is usually  fa ir ly  h igh  in  low-Si irons, b u t th is 
fa c t does n o t seem to  have any detrim en ta l effect 
on p earlitic  cast iron up to  about 0.13 p er cent. 
Seeing th a t  casting  very hot is an essential con
dition  in th e  production  of pearlitic  cast iron, 
it  may account somewhat for th e  la t te r  fact.

Internal Com bustion Engines.

W hen investiga ting  th e  physical p roperties of 
cast iron suitable for intornal-com bustion engine 
castings, one m ust consider th e  conditions to  which 
th e  castings a re  subjected. The th ree  most 
im p o rtan t conditions a r e :— (1) H igh  tem pera
tu re s ; (2) repeated  im pac t; and (3) h a rd  wear.

Discussions upon th e  resistance of cast iron to  
high tem pera tu res  should tak e  in to  consideration 
th e  cause of grow th. The most po ten t cause 
of grow th in cast iron is usually owing to the  
presence o f large graphite flakes  in  th e  free 
fe r r ite  of th e  m etal stru c tu re . F ree  fe rrite , which 
is silicide of iron in solution, when present in 
cast iron is in th e  vicinity  of th e  graph ite , and the 
ho t gases bu rn  o u t th e  g raph ite , and so access 
is m ade to  th e  free fe rrite , which is attacked  
and oxidised in to  silica and iron oxide. Owing 
to  these substances hav ing  a  la rger volume th an  
th e  substance from  which i t  was formed, small
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cracks are  form ed, th e  sides of th e  cracks opening 
slightly, an d  so grow th is made.

I n  conjunction  w ith  h igh  tem p era tu res  ex is ting  
in an in te rn a l combustion engine, th e  repea ted  
im pact of th e  explosion calls fo r a  tough , strong  
iron. The tw o chief w eakeners of cast iron  are 
g rap h ite  an d  phosphide, th e  g ra p h ite  being a non- 
m etallio substance, filling u p  small cavities. The 
phosphide when in  la rge  percentages forms in to  
patches, which a re  very b r itt le , and so lowers th e  
resistance to  im pact.

An iron  which has to s tan d  u p  to  h a rd  w ear 
m ust be free  from  large flake g rap h ite  and  any 
substance of a soft n a tu re  in its  s tru c tu re , such 
as free  fe rrite , silicon fe r r ite  being th e  softest 
con stitu en t of cast iron

This sums up  th e  po in ts to  be avoided in  iron 
su itab le  fo r in te rn a l com bustion eng ine  castings. 
This leaves u s w ith  p ea rlitic  cas t iron  as hav ing  
none of th e  defects s ta ted  previously, and  which 
is a t  th e  p resen t tim e  th e  best iron  for h igh 
du ty  work.

Inherent D ifficu lties.

To produce a  su itab le  iron  from  th e  cupola and 
rep ea t th e  resu lt from  day  to  day , and  o ften  
have to  vary  th e  m ix tu re  du ring  th e  sam e d ay ’s 
blow, for d ifferen t thicknesses of castings, brings 
one up  aga in s t a ce rta in  num ber of difficulties.

T ake th e  T.O. co n ten t w ith  low-Si an d  phos
phorus, th e  tendency is to  absorb carbon, and 
very often  hem atite  iron has to  be used to  o b ta in  
th e  low-phosphorous conten t. H e m a tite  iron  is 
usually  high in  T.C., in fa c t all th e  conditions 
are  favourable to  carbon absorption . A nother 
difficulty which all foundrym en will read ily  ap p re 
c ia te  is rep ea tin g  th e  sam e analysis from  day  to  
day.

To ob tain  consisten t resu lts i t  is essen tia l to  
keep th e  analysis w ith in  fa irly  fine lim its . Sm all 
varia tio n s in  Si when th e  Si con ten t is u nder
1.0 per cen t, and T.O. when in  th e  reg ion  of
3.1 p e r cent, to  3.2 p er cen t, m ake a  very la rge  
difference to  th e  resu lting  iron . O rd inary  
foundry  p ig-irons can  be used as a  basis fo r 
m aking  up  th e  m ix ture . By o rd in a ry  p ig-irons 
is m ean t pig-irons o th e r th a n  special irons, sem i
cold b last o r cold b la s t irons, costing  u nder £6
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p er ton . This po in t is very im p o rtan t as special 
pig-irons a re  high priced.

Steel Additions.

The economic s itu a tio n  in th e  engineering 
tra d e  to-day calls for a good class casting  a t  as 
low a  p rice  as possible. A p o in t here  th a t  is 
of im portance—often  i t  is cheaper to  buy w ith 
an analysis th a n  “ to  ”  an analysis.

The draw back w ith  all o rd inary  pig-irons to
day  is th e  h igh  T.C. co n ten t; one hears of th is  
troub le  on  all sides. The cause of th is  is perhaps 
th e  u n rem unera tive  s ta te  of th e  pig-iron trade , 
which tends to  th e  forcing of th e  b last furnaces 
to  produce q u an tity  instead  of quality . To 
coun terac t th e  h igh  T.C. and  reduce th e  Si., raw  
steel add itions a re  m ade in  th e  m ix tu re  which 
lowers th e  carbon con ten t w ith in  th e  lim its 
requ ired , th is  la t te r  depending on th e  cupola 
conditions.

V ery o ften  one hears th a t  th e  use of steel is 
condemned because i t  does ho t give consistent 
results. The A uthor’s experience is th a t  i t  gives 
consistent resu lts if  th e  cupola prac tice  is con
sisten t. The reasons fo r using steel are  as 
follow s:— C heapness; sligh t reduction  of T .C .; 
and  its  beneficial effect on size and shape of the  
g raph ite .

M elting Conditions.

W hen using steel in  th e  cupola, th e  blast pres
sure and  volume are  very im p o rtan t, especially 
th e  la tte r . Low pressure w ith b ig  volume is the  
best p ractice, and these should be k ep t constan t 
all th ro u g h  th e  blow.

The A uthor uses a 30 in. cupola for th e  cylinder 
iron  and blow 8 oz. p ressure w ith  a  volume of 
24 cub. f t . p e r sec., and  a  coke consum ption of 
8 to  1, th e  w eight of the  charge being 7 cwt. 
The m etal should n o t be tap p ed  o u t in  small 
quan tities, b u t as fa r  as possible 2, 3 o r 4 
charges should be tapped  a t  one tim e. All of 
these small details make for consistent results.

Some foundries ru n  down a steel m ix tu re  in to  
a  p ig  bed, and  th en  use th is  in  th e  charge as a 
hardener. B oth  m ethods have been tr ied  over 
long periods, b u t using  steel d irec t in to  th e



charge  gives th e  hest resu lts . The second m elt
ing  gives th e  steel (or th e  6teel m ix tu re) th e  
chance to  pick up its  su rfe it of carbon and  
sulphur. The cylinder charges a re  m ade u p  of 
20 p e r cen t, to  30 per cen t, steel scrap, No. 3 
Scotch iron  cylinder scrap  and  No. 4 h em atite— 
th e  last-nam ed is used to  lower th e  phosphorous 
co n ten t for liners, pistons and  cy linder heads.

C ylinder M etal.
Table I  de ta ils th e  analy tica l resu lts  obtained 

betw een 1 6 /7 /25  and 16 /9 /2 5 , and  will i l lu s tra te  
th e  usual resu lts  fo r cylinder castings hav ing  a 
thickness of f  to  1 |  in. : —
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T a b l e  I .—Analysis of Cylinder Metal.

Si. P. C.C. T.C. Mn. S.

0.93 0.2 _ 3.2 0.56 0.11
1.07 0.23 0.79 — — —
0.98 0.2 .— — . 0.6 —

0.93 0.2 0.85 3.18 — 0.1
0.93 0.21 -—■ .— - 0.49 — -

0.96 0.2 .— 3.2 — •— ■

0.93 0.23 0.86 — 0.56 0.12
0.93 0.27 — 3.22 — - —

0.89 0.24 0.9 — — 0.1
0.90 0.22 0.87 — 0.7 —

0.93 0.2 — 3.21 0.68 0.115
0.90 0.21 0.89 — -— . —

0.89 0.19 0.87 — 0.6 —

0.90 0.2 — 3.19 — 0.1

F o r th in n e r  castings th e  Si is b rough t up  to
1 per cen t., w hilst fo r castings from  21 up  to
3J, in . th ick  th e  Si can  be lowered to  0.85 per
cent. This is as low as has been ob ta ined
hav ing  reg a rd  to  a  Si co n ten t consisten t w ith  
producing a  m achinable casting.

H ardness.
One im p o rtan t te s t is th e  B rinell hardness as 

i t  ind icates th e  xnachinability and w ear. The 
B rinell hardness sought, and which gives th e  best 
resu lts  so f a r  as w ear and m achining qualities 
a re  concerned, is 190 to  195 tak en  on th e  liner 
bore a f te r  being m achined. The hardness is con
tro lled  by a  num ber of conditions o th e r th a n  th e  
combined carbon. The am ount and  size of the
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g rap h ite  p resen t, th e  presence of coarsely 
lam inated  pea rlite  or a fine sorbitic-pearlitic  
s tru c tu re , all affect th e  hardness.

The B rinell num ber may seem low, bu t accord
ing to  th e  claims of Lanz iron, th is  is about the  
hardness th a t  is claimed, as g iving th e  h ighest 
w earing qualities. Personal experience is th a t  
up  to  200 B rinell hardness, no m achining difficul
tie s  a re  experienced, b u t a fte r  th is  p o in t the 
speed and  feed of th e  m achines have to  be 
reduced.

R epresen ta tive  te s t bars for transverse  an d  te n 
sile tes ts  cannot be cast separa te  from the  cast
ing  as th is  iron  when cast in  a cold mould has 
a  w hite  sk in  and m ottled centre. W hen cast in  
a dry-sand mould a t  th e  same tem p era tu re  as the  
casting  i t  represen ts, i t  is much h ard er th an  the 
casting , having a C.C. con ten t of 1 per cent, and 
a hardness of about 220. The best way is to  cast 
i t  on th e  casting  as n ear as possible to  i t  w ith  
a num ber of ru n n er inlets from  th e  casting  into 
the b ar so as to  obtain  as fa r  as possible th e  mass 
effect and  slow cooling of the  casting. T hirty - 
e igh t to  40 cwt. transverse on a 2 x 1 x 3 6  in. bar 
w ith 0.7 in. deflection can be obtained  fairly  
reg u la rly : n a tu ra lly  the  te s t varies, b u t the
figures given rep resen t an average.

Tensile Strength.
The tensile bars tak en  from  th e  2 x 1 x 36 in. 

m achined down to j|- sq. in. a rea  gives an 
average of 17 tons tensile. All castings cast in 
th is  class of iron are  cast very h o t : th e  m etal 
is never held up  owing to  its  being too h o t ; pour
ing  tem pera tu res tak en  a t  various tim es w ith  an 
optical pyrom eter average 1,380 deg. C. N a tu r
ally th is  m etal “ goes o f f ”  very quickly and 
requ ires to  he handled expeditiously. Any spare 
m etal is poured in to  p ig  so th a t  i t  will not effect 
the  n ex t tap .

Cylinders.
These weigh from  5 to  35 cw t., and are all 

ram m ed up on th e  la rge  jo lt-ram m ing mould 
machine, th e  m edium  and sm all sizes of cylinder 
being ram m ed up in two halves a t  one tim e. 
These castings have th ree  m achined belts in th e  
cen tre  bore. The cen tre  belts a re  water-cooled,
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th e  leng th  of th e  cen tra l be lt in  th e  large  size 
of cylinder being 20 in.

The cylinders a re  cast on th e  flat, w ith  a riser 
off each foot and one off th e  opposite end where 
th e  cylinder heads fit on. The job is ru n  on th e  
bottom  w ith  tw o §-in. round  ru n n e r s ; two flat 
down run n ers  from  th e  jo in t connecting  th e  two 
round runners. The m etal en te rs  th e  mould

F i g . 3 .— C y l in d e r  C a s t i n g .

directly  under th e  jack e t core in  th e  bottom  half 
mould. One ru n n e r  th rough  th e  top  p a r t  is con
nected to  th e  bottom  ru n n ers  by m eans of a  cross
ga te  c u t in  th e  jo in t o f th e  top  p a r t .  This is m ade 
so as to  tr a p  any d ir t  which m igh t e n te r  th e  
ru n n er. This m ethod of ru n n in g  has proved very 
successful in  ac tu a l p rac tice .

The m ain  body-core is n o t jo in ted  previous to  
assembling th e  m ould. The bottom -half core is 
lifted  off th e  core p la te , w ith  beam  and  pulley 
c h a in s ; i t  is th en  tu rn e d  over and placed in to  th e  
mould. The bottom -half port-cores a re  placed in  
position, an d  th e  top-half core placed on. The 
v en t from th e  p o rt cores is ta k e n  th ro u g h  th e
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bottom  of th e  job. The a ir  from  tihe m ain  bore 
core is ta k e n  up th rough  th e  top  p a rt.

For convenience in m aking th e  two ends of th e  
cylinder secure, th e  top p a r t  is cu t away a t  th e  
back of th e  p rin ts . Tubes a re  inserted  through  
th e  top  p a r t  in to  th e  v en t from  th e  m ain  bore 
core, and  th e  back of each p r in t  is ram m ed up 
securely (F ig. 3).

F i g . 4 .— A s s e m b l e d  C y l in d e r  M o u l d .

C ylinder Cores.
T he m ain  bore cores a re  m ade in th e  usual 

m anner on a cast-iron grid . The grid  is so m ade 
th a t  th e  cen tre  bar pro trudes about 4 in. outside 
of th e  core a t  each e n d ; th is  is used fo r lif tin g  and 
tu rn in g  over th e  cores.

T he w ater-jacke t cores a re  made in  oil sand, and 
a re  d ried  and assembled on th e  m ain  body core 
before i t  is dried ; by th is  m eans th e  half-core can 
be blacked complete, so th a t  when dry  th e  
assembled cores a re  ready for th e  mould. The 
w ater-jacket and th e  belt cores a re  made on cast- 
iron grids w herever possible. These cylinders are 
cast w ith  m etal a t  a very high tem pera tu re , and 
a re  fed in  all cases a t th e  cylinder head end. 
F igs. 4 and  5 show th e  se t of cores used, th e  
mould as i t  is assembled, and also th e  cylinder 
casting  itself.



C ylinder H eads.

L arge  cylinder-heads a re  ram m ed up on th e  
“  bum per ”  m oulding m achine, only th e  small 
types being plate-m oulded. The heads weigh from  
1J to  9 cwts., and  a re  m ade to  a  num ber of d if
fe ren t designs. I n  all cases th e  su rface  to  stan d  
th e  explosion is cast face-up, which m ay appear 
to  be a risky  procedure, b u t w ith  proper a tten tio n  
to  m ethods of g a tin g  and  pouring  exceptionally  
good results have been obtained . The difference

304

in  th e  cost of p roduction  betw een th e  m ethod 
used and, on th e  o ther hand, of casting  th e  explo
sion-face-down is very large when th e  large 
num bers m ade is tak en  in to  consideration . M ore
over, th e  purely  foundry  risks are  much g rea te r 
by casting  face-downwards.

The m ethod of ru n n in g  all cylinder-heads is 
based on th e  idea th a t  th e  position of th e  ru n n e r 
is such th a t  in  th e  even t of d i r t  o r dross e n te r in g  
th e  mould i t  will be s itu a ted  where i t  is of leas t 
im portance. I n  all cases when decid ing  th e  best 
position fo r a  ru n n e r i t  is always sa fe s t to  assume 
th a t  a ce rta in  am ount of d ir t  will find its  wav 
in to  a mould, and  so p lace th e  ru n n e r  th a t  i t  is 
located if possible in  a  position of li tt le  
im portance.

All cylinder-heads are  ru n  a t  th e  bottom , w ith  
as small a ru n n e r  as possible consisten t w ith filling
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th e  mould a t  th e  co rrec t speed. The ru n n e r  is 
placed as fa r  as possible away from  any th ick  sec
tions o r bosses, as o ften  a badly placed ru n n er is 
the  cause of a casting  leaking under th e  w ater 
tes t. These castings have been exceptionally free 
from  sh rinkage troub le  and blow-holes, largely 
due to  th e  use of h o t m etal and slow running .

W hen i t  is considered w hat heavy im pact and 
high flam e-tem peratures these cylinder-heads have

F i g . 6 — C y l i n d e r  H e a d  o n  t h e  M o u l d i n g  
M a c h i n e .

to  w ith stand  when ru n n in g  in  th e  engine, th e  
im portance of th is  casting  may be realised. The 
force of th e  blow between th e  top  p a r t  of th e  
piston and th e  cylinder head of an engine having 
an  18 in . d iam eter is about 20 tons, occurring 
350 tim es p er m inu te  w ith  a very high explosion 
tem pera tu re .

Head Cores.
All cylinder-head cores are  m ade in  oil sand, 

and  th in  cast-iron  grids a re  used in  all except th e  
very sm all sizes. In  m ost of the  w ater-jacket 
cores four round  arm s ai;e provided to  b ring  off 
th e  v en t and support th e  core in  the  mould. 
These fou r points are  th e  only places where the  
jacket-core cuts th rough  tihe outside wall of th e  
cylinder head. F igs. 6, 7 and 8 show th e  various 
forms of cylinder heads w ith th e ir  cores and the  
moulds as p repared  for casting .
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Cylinder L iners.
These liners a re  of two ty p e s ; one is th e  o rd i

nary  s tra ig h t lin e r for th e  four-stroke engine, and 
the" o ther is for th e  tw o-stroke design hav ing  two 
nests of ports, o r a  continuous row of po rts  all 
round th e  circum ference of th e  liner, thus ac ting  
as in le t and  exhaust ports. The la t te r  design,

F i g . 7  C y l in d e r  H ea d  M o u l d s .

w ith two nests of po rts , constitu tes th e  g re a t p a r t  
of th e  o u tp u t being described, and  these liners 
weigh from  2 to  12 ends. each. (F igs. 9 and  10.)

The liner p a tte rn  is in  halves, and is so con
stru c ted  as to  form  th e  ru n n e r basin  and  th e  two 
top runner-in le ts . The box-parts a re  cu t away 
a t  one end to  fit th e  ru n n e r  head on th e  p a tte rn . 
In  th e  bottom  ha lf of th e  m ould a bottom  ru n n e r 
is m ade, th e  idea of w hich is to  form  a com bina
tio n  of top  and  bo ttom  ru n n er.

T he p o rt cores a re  placed in  th e  green mould 
and se t in position w ith  gauge sticks, and  th en  
dried  in position. The moulds a re  ta k e n  from  th e  
stove and closed as soon as possible, so as to  keep



th e  moulds w arm . The a im  is to cast th e  m etal 
in to  th e  moulds while th ey  are  still a t  about 
90 deg. C., a lthough th is  tem p e ra tu re  varies a 
little , but i t  is always between 80 an d  100 deg. C.

The tw o top runners a re  plugged, and  a  piece of 
block t in  is placed over the  bottom  down runner. 
W hen th e  liner is being c a s t th e  t in  holds up  th e  
m olten m eta l for a  sufficient length  of tim e to  fill 
up th e  ru n n e r basin w ith  th e  m olten iron. Before 
th e  two top plugs a re  lifted  a  certa in  am ount of 
m etal is allowed to  en te r th e  mould, a fte r which 
th e  top  runners a re  opened.
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F i g . 8 . — C y l i n d e r  H e a d .

P rincip le  of the Runner.
W hen sufficient m etal has entered  th e  mould 

th rough  th e  bottom  ru n n er as shown in  th e  illus
tra tio n  (F ig. 11), th e  tw o top  plugs are  lifted . 
The two stream s of m eta l from  th e  top  runners 
drop between th e  two rows of p o rt cores, th is 
hav ing  th e  effect of b reak ing  up  any accum ula
tio n  of dross o r d ir t  on th e  top of th e  m etal 
a lready in  th e  mould, an d  draws th is  away from 
under th e  poirt cores (as shown by th e  arrows), 
and so b rings i t  up between th e  p o rt cores as th e  
mould fills, and th u s  up to  th e  «ullage head instead 
of lodging below th e  cores. A num ber of different 
methods were tr ie d  before th is m ethod was 
adopted as s tan d a rd  for th is  ty p e  of liner.

F o r liners w ith  a  continuous row of ports all 
round  th e  circum ference th e  sam e ty p e  of ru nner 
is used, b u t w ith  th e  following difference : th e  
bottom  ru n n er is used to  fill th e  mould up to  a



level above th e  ports before th e  top  ru n n ers  a re  
opened.

Trouble is som etimes experienced w ith  the 
liners hav ing  tw o nests of ports. The ports 
p rac tica lly  c u t th e  casting  in  halves, excep ting  
th e  tw o fa irly  narrow  p a rtitio n s  between th e  
in le t and exhaust ports. I n  these two places, 
sh rinkage sometimes occurs ow ing to  th e  casting  
below th e  po rts  ta k in g  th e  m etal to  feed its  liquid 
shrinkage from  it . The design of th is  ty p e  of
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F i g . 9 .— L i n e r  M o u l d .

casting  would n a tu ra lly  lead  one to  expect 
shrinkage troub le  a t  these two point®, b u t i t  has 
been found th a t  th e  problem  is a  pu re ly  m etal
lu rg ical one, and  only evinces itself when the  
phosphorus con ten t of th e  iron  is  too h igh o r th e  
to ta l carbon below 3.1 per cen t. I t  is a  pecu liar 
fac t th a t  th is  design of liner would be very diffi
cu lt to  produce in  an  o rd in a ry  foundry  iron 
w ithou t re so rtin g  to  deinseners on account of the  
sh rinkage a t  these  two points. F igs. 9, 10 and 
11 show th e  liner mould, th e  finished casting  and 
also th e  m ethod of a rran g in g  th e  runners .

P istons.
These m ay weigh from  2 to  10 cw ts. each. The 

large sizes a re  moulded from  a p a tte rn  m ade on 
th e  same lines as the  liner p a tte rn , th e  ru n n e r  
head and ru n n ers  being m ade a p a r t  of th e  p a t
te rn . The m ethod o f m oulding is th e  sam e as
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th e  liners, i.e ., m ade on the  flat and then  tu rned  
up for casting  vertically .

The ru n n er is form ed so th a t  there  a re  two 
gates from  th e  ru n n e r head, each feeding a 
rad ia l ru n n e r in each h a lf mould. From  these 
two rad ia l g a tes  a succession of small in le t ru n 
ners are  m ade all round the  circum ference of the  
p iston  walls, except over th e  gudgeon-pin boss 
cores. This type of ru n n er breaks up any  dross

o r d ir t  floating on th e  top  of th e  m etal which is 
ap t to  lodge in  th e  mould during  its  passage up 
in to  th e  sullage head. The ru n n ers  a re  k ep t very 
sm all so th a t  when pouring the  job, no difficulty 
is experienced in  keeping the  ru n n e r  fu ll of 
m etal.

The cores a re  made in  halves on cast iron grids 
w ith  a th ick  prod to  carry  th e  gudgeon p in  core. 
T he half cores are jo in ted  w hile w arm  and placed 
s tra ig h t in to  the  mould. The gudgeon pin  cores 
ta k e  the  weight of th e  core wnile th e  mould is 
being closed, b u t when th e  mould is tu rn ed  tip 
vertically  for casting  th e  core requires to  be 
supported . To tak e  th e  upw ard lif t  when th e  
p iston  is cast, a bar 2-in. square is inserted  
th rough  two w rought-iron eyes, one in each half 
box p a r t  and through  th e  tw o half core grids 
which p ro tru d e  th rough  th e  end of th e  piston



core. W edges a re  placed in  w here requ ired  to  
keep th e  core steady.

Sm aller p istons a re  m ade by a d ifferent m e th o d ; 
th e  p a tte rn  is a  solid one and  is m ade to  mould 
vertically . The core is supported  an d  located 
by a  wide and deep tap e red  p r in t. On th e  u n d er
side of th is p r in t  a  c ircu lar ru n n e r  is m ade w ith
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a num ber of small in le t-ru n n ers  in to  th e  walls 
of th e  p iston . To connect up  th e  c ircu la r gate , 
a  down ru n n e r  is m ade th rough  th e  p r in t  of th e  
core. No to p  p a r t  is requ ired  by th is  m ethod. 
A narrow  p la te  is placed across th e  to p  of th e  
core and  cram ped to  th e  lugs of th e  box p a r t  
to  ta k e  th e  li f t  of th e  core when th e  p iston  is 
being cast.

The only difficulty occasionally experienced 
w ith  pistons is a sm all accum ulation  of dross 
which lodges d irectly  above th e  gudgeon p in  core, 
a t  a  po in t w here th e  p iston  ta p e rs  down ra th e r  
suddenly a t  th e  sk ir t. I t  is n o t possible to  place 
ru n n ers  a t  these two points, as th e  m eta l would
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drop on to  th e  gudgeon p in  core which would 
likely cu t u p  badly. A well-known piston trouble 
which does no t m anifest itself in  th is case is 
shrinkage in  th e  gudgeon-pin bosses, on account 
of th e  kindi of iron being used which obviates 
th a t  p a rticu la r trouble.

F igs. 12 and  13 show th e  piston mould and 
cores, and also a rran g em en t of core li f t  and sup
po rt, and  th e  final casting.

F i g . 12.—P i s t o n  M o u l d .

Mould Tem perature.
The mould used for casting  th e  m ore particu la r 

item s of castings m ade in  im proved cast iron 
a re  no t pre-heated  to  any  special ex ten t o ther than  
th e  o rd in ary  dry ing  process. M oulds are  closed 
and cast as soon as possible a fte r leaving the 
d ry ing  stove. I n  th is  way th e  mould tem pera
tu re s  m ay vary  between 80 and 100 deg. C. To 
tak e  an  exam ple of a large liner weighing 12 cwts., 
th e  casting  having an  average thickness of 
1 | in. of m etal, th e  mould tem p era tu re  is 
about 95 deg. C. No cylinder iron is cast in to  
a perfectly  cold mould, as w ith th e  character of 
th e  m etal used th e  resu lting  casting  would not 
he commercially able to  be machined. Too low 
a mould tem pera tu re  is ind icated  by h a rd  m etal 
in such places as th e  edge of bosses or any
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section of th e  casting  which, p ro trudes from  the  
m ain body of th e  casting . T ak ing  th e  liner 
casting  ju s t nam ed, which would be made from 
m etal hav ing  an analysis o f silicon 0.97, phos
phorus 0.2, m anganese 0.6, an d  to ta l carbon, say,
3.2 p e r cen t., even a lthough  th is  casting  made 
in th e  w arm  mould would be perfectly  grey, the  
ru n n ers  a re  very h ard , and  vary  from  w hite  to  
m ottled  in frac tu re . The bottom  ru n n e r  from  
th e  ru n n e r head down to  w ith in  2 in. of th e  
ac tu a l casting  is only 1 square  in. in  section.

F i g . 1 3 .— P i s t o n  M o u l d .

This ru n n e r f ra c tu re  is o ften  tak en  as a  quick 
and rough guide to th e  resu lt of th e  previous 
day’s m ixture.

G ating.
The 11 onceray m ethod of ga tin g  is used in 

m1any ° f  th® sm all, highly-m achined castings 
which have to  w ithstand  high pressures, h o t fuel- 
°il a t  a p ressure being th e  liquid which m any of 
th e  castings have to  w ithstand . This m ethod of 
ru n n in g  has been th e  m eans of cu rin g  much 
shrinkage troub le  in sm all castings, such as air- 
valves, air-valve s ta r tin g  bodies, oil pum p-bodies, 
atom iser-bodies and sleeves: in  fa c t any  casting  
w here a perfectly  solid, castin g  is essential.

This m ethod cu ts o u t a g rea t deal of rod  feed
ing, _ besides g iv ing  b e tte r  resu lts th a n  can be 
obtained by rod  feeding. Rod feed ing  is often  
n o t a  p ractioal proposition  when one has a  large
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num ber of sueli jobs to  cast a t  one tim e. One 
job in  p a rticu la r, of which large num bers are  
m ade is a small a i r  starting-body. The casting 
consists of four bosses, two of them  round  and 
tw o oval, which form  a small solid body. The 
casting  is faced on each boss and bored' four ways 
to  th e  cen tre  w ith  a valve sea t in th e  cen tre  of 
one bore. The job is moulded four in  a  12-in. 
box p a r t , and often  a dozen boxes a re  cast a t one 
tim e. To feed all these would not be a practical 
proposition.

Engine Beds.

These a re  m ade to  ta k e  from  one to  six cylinders 
in  th e  la rgest size, and one to  four cylinders in 
four o th e r sizes, e.g., m arine and land  type. 
The w eight of th e  beds may vary  from  8 cwts. to  
8 tons. All th e  sizes up to  four cylinder are 
ram m ed up on the  bum per moulding machines.

In  all th e  beds th e  bearings a re  w ater-jacketed, 
and  owing to  th is  class of eng ine being arranged  
for crankcase compression, th e  crank-well m ust 
be a ir-tig h t. The m ethod of ru n n in g  th e  beds is 
th e  sam e in  all cases, b u t th e  position of th e  ru n 
ners varies a li tt le  w ith  th e  size. Up to  th e  two 
cylinder size in  all cases th e  beds a re  ru n  a t  the  
fuel pum p extension end. All th e  beds above 
th a t  size are  ru n  along th e  side, th e  num ber of 
runners vary ing  w ith  th e  leng th  of bed.

The ru n n e r inlets are  placed a t  th e  bottom of 
th e  mould, and down runners  from  th e  jo in t con
nect up  w ith  these. The moulds a re  cored up  
previous to  being dried. V ents can be made 
secure and th e  mould can be finished and  m ade a 
much c leaner job th is  way th a n  by d ry ing  the  
mould before coring up. The back of th e  beds 
is form ed en tire ly  of cores, and these are  bolted 
in to  a to p  co re-p rin t which is th e  same size as 
th e  bed-pattern . A four-cylinder bed-mould 
contains six ty  cores in its  construction , the  cast
ing itself weighing five tons.

Bed Cores.

The bed cores are  all made w ith cast-iron 
grids. The bearings and w ater-jacketed  cores 
a re  m ade in  oil sand  and  th e  others are  m ade in 
o rd inary  core sand.



314

W ater-cooled S ilencers.

These are  of tw o types, cy lindrical boiler form  
and box type. These a re  made in single, double 
and  tr ip le  for a ll sizes of engines.

The la rg est size is 9 f t . long and  2 ft . 9 in. 
in  th e  bore, w ith  th ree  tan g en tia l b ranch  con
nections and a  4-in. in te rn a l flange a t  each end. 
This ty p e  is used for a  3- or a 6-cylinder m arine  
type  of engine. The job  is moulded in  halves on 
its flat, and  then  tu rn ed  up in to  a vertica l position 
for casting.

A bottom- runner is used in  conjunction  w ith  top  
runners. The top  ru n n e r is cu t around  th e  p r in t

F i g . 1 4 .— W a t e r  J a c k e t  C o r e .

of th e  m ain bore core, w ith  a  succession of small 
ingates a ll round  th e  bore except d irectly  over 
the  b ranoh cores. The bottom  ru n n e r  is opened 
first so as to  allow m etal to  en te r th e  m ould and 
ac t as a  cushion for th e  m etal d ropp ing  down 
from  th e  to p  runners.

The w ater ja ck e t cores a re  m ade on a  bu ilt-up  
grid , consisting of lig h t cast-iron  segm ents w ired 
up- to- a  w rought-iron rod ru n n in g  th e  leng th  
of th e  core. The small sizes a re  m ade in  oil 
sand and the  la rge  ones in  loam  sand. The cores 
m ade in  loam sand  do n o t need bedding  o u t ; 
th e  core is tu rn e d  o u t on a fla t p la te  in  th e  
usual way. To avoid any chance of th e  core 
opening o u t w ith  its  own w eight while d ry in g , 
tw o b inding w ire stre tche rs a re  s tra in ed  across 
from  th e  tip s  of th e  cas t iron  g rid  segm ents 
previous to  the  core being tu rn e d  over.
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Assem bling the M oulds.

A fter th e  mould has had  one n ig h t’s drying, 
th e  b ranch  cores and  th e  half-jacket cores are 
p laced in position in  th e  mould'. The top half- 
jaoket-core is w ired in  position  a t  th e  back of each 
of th e  fou r core-prints. By th is m ethod th e  vents 
can be made secure, and core-prints made good. 
A fter th e  mould has been stoved again , th e  barrel- 
core is placed in  and  th e  mould is closed. One 
po in t which m ust be carefully  watched when th is 
m ethod is used is th a t  a  “  touch ”  is made where 
th e  top  and  bottom  half-jacket-cores meet, as it 
is difficult to- chip ou t any fins which may form 
a t  th a t  po in t.

F ig . 14 shows th e  w ater-jacket core and grid, 
as well as th e  finished silencer casting.

Flywheels.

All flywheels up  to  7 f t . d ia. a re  machine- 
moulded from  a h a lf-p a tte rn . The wheels are 
of th e  disc type, w ith  a  solid rim  fo r electric type 
and  a  recessed rim  for s tan d a rd  type. The recess 
in  th e  rim  is formed by cores, six  of which are 
placed in th e  bottom  half and  six in th e  top. A 
fa irly  wide p r in t  on th e  p a tte rn  gives th e  core 
a good sea ting . The cores are  made on a cast 
iron  g rid  segm ent, and a re  placed in  th e  mould in  
th e  green sta te . A fte r th e  p a tte rn  is draw n from 
the bottom  'half of th e  mould, th e  b a rrin g  hole 
cores a re  placed in  position, and the  rim  finished 
and blacked. The cores a re  then  placed in posi
tion , an d  th e  whole finished and  blacked. Very 
m uch th e  same procedure is gone th rough  with 
th e  top  half of th e  mould. E x tra  m achining is 
allowed for by using wood segm ents round the 
rim.

The wheels a re  ru n  on th e  rim  by th ree  flat 
ru n n ers  about 6 in. ap a rt, so th a t  th e  m etal drops 
down in to  th e  rim  of th e  wheel so as to  miss the 
recess cores. The rise rs  a re  tak en  off th e  rim . The 
recess cores in  th e  to p  half-m ould a re  held in 
position by hook bolts. Twelve holes th rough  the  
top p a r t  a re  a rranged  round th e  core p rin t. The 
hook bolts are  hung  on to  th e  w rought iron eyes 
cast in  th e  grid  previous to  th e  cores being placed 
in position.
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A fte r the  mould is dry , th e  bolts a re  tig h ten ed  
up  to fish p lates. This m ethod of p u ttin g  th e  
green cores in to  a  g reen  mould has proved to  
he th e  cheapest and  cleanest m ethod of mould- 
m aking. D ry cores have been tr ied  in  a  green 
mould, and d ry  cores in  a dry  mould, b u t both 
these methods a re  n o t only m ore expensive, bu t 
they  do n o t produce such a clean casting .

A 4-cylinder bed casting  w eighing 3 to n s  5 cwts. 
is m ade on th e  m oulding m achine, th e  
dim ensions being 14 ft. by 6 f t . ,  w ith  a  lif tin g  
capacity  of 12 tons. A nother size of m oulding 
m achine m easures 7 f t .  6 in. square, on which 
all flywheels up  to  7 f t .  d iam eter a re  m ade, 
ta k in g  up to  10 tons. F o u r sm aller m achines 
range from  44 ft. square down to  3 f t .  The 
type  of p la te  p a tte rn  used for p la te  m oulding is 
in  m ost cases a  h a lf -p a tte rn  on each side o f a 
wood board hav ing  jigged brass hushes in which 
loose pins are  used.

D ISC U SSIO N .

G rey Castings w ith  W hite R unners.

T h e  C h a ir m a n  (M r. J .  M asters) said th e  Council 
was to  be cong ra tu la ted  on hav ing  secured th e  
services of M r. R ichm an, and  induced him  to  p u t 
before th e  mem bers th e  resu lts  of his investiga tion  
of an im p o rtan t subject, on which th e re  had  te e n  
a  fa ir  am ount of discussion d u ring  th e  la s t few 
m onths. H e  had  given them  m uch food for 
though t.

M r. R ichm an had m ade reference to  w hat w ere 
term ed freak  frac tu res , th e  te s t bars com ing o u t 
w hite  and  th e  castings quit© grey. H e  had  had  ,a 
sim ilar experience, m ore especially in  pastings 
th a t  were ru n  slowly. In  one case, w ith  a cas t
ing  w eighing about th ree  tons, they  were try in g  
to  g e t th e  p earlitic  s tru c tu re , and  exam ination  
under th e  microscope showed th a t  th ey  h ad  been 
very successful. Y et every ru n n e r  th a t  was broken 
showed th e  w hite iron. In  o ther respects every
th in g  was satisfactory .

In  connection w ith th e  ru n n in g  of th e  cylinders 
a po in t which would appeal to  those members who 
a re  in terested  in  th e  m an u fac tu re  of in te rn a l
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combustion engines was th a t  M r. Richm an 
ran  th e  cylinders on th e  flat. In  th e  M anchester 
d is tr ic t m ost people cast them  on end. I f  M r. 
R ichm an h ad  cast them  in  any o ther way than  
flat, perhaps he would te ll th e  members w hat his 
experience had  been.

P encil Runners.
The R onceray m ethod of ru nn ing  had  been 

m entioned. W ithou t doubt in some castings th is 
was essential in  o rder to  g e t good results. He 
had him self m ade m any experim ents w ith  th a t  
p a rticu la r ty p e  of ru n n er , an d  found th a t  was 
th e  only w ay ; th e re  was no feeder, and no riser, 
y e t everything came o u t satisfactorily , th e re  
being n o t a single re jec t o u t of 150 made. The 
casting  weighed 1£ icwts. The ru n n e r was £ in. 
diam eter.

Fracture of Runner as Quality Index.
Mb.. R ic h m a n  said th e  size of the  bottom  runners 

on th e  liners w ere all a  s tan d ard  size, and, from 
exam ination  o f th e  fra c tu re  of these runners, one 
could g e t a  good idea of th e  resu lt of th e  previous 
day ’s ca6t. I f  th e  fra c tu re  of th e  runnel's were 
w hite, g radually  m erging into a  m ottled centre, 
they  knew they  were r i g h t ; if i t  was w hite r ig h t 
th rough  they  w ere a b it dubious as to  th e  m achin
ing qualities of the  ir o n ; if they were grey 
they  knew i t  was slightly  soft.

The casting  of cylinders on th e  fla t m ay seem 
co n tra ry  to  the  usual p ractice, b u t when the  
m ethod of runn ing , th e  position an d  size of 
runners, and casting  tem p era tu re  were all cor
rect, no trouble  was experienced. I t  was found 
th a t  th e  slower th e  ru n n in g  and th e  h o tte r  the 
m etal, th e  b e tte r  th e  results . The difference in  
th e  cost of casting  on th e  fla t from casting 
vertically  was very g rea t. P robably the  la tte r  
m ethod would cost qu ite  50 per cent, more than  
th e  form er.

M r. M asters had  m entioned th e  Ronceray 
ru n n er . The speaker used th is type  of runner 
on a  num ber of castings. H e him self, for very 
sm all castings used a  J-in . ru n n er, bu t he did 
n o t p u t i t  n ea r the  bottom  of th e  casting . In  
a  num ber of R onceray castings a small runner 
was p u t r ig h t a t  th e  bottom . Well, if the  ru nner
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was p u t n ear th e  top  so th a t  th e  ru n n e r was p rac
tically  bonded th ro u g h  th e  casting , one could 
use a  sm aller ru n n er . B u t w ith  it, in  o rder to  
g e t th e  best resu lts , th e  job h ad  to  be very care 
fully w atched ; i t  m ust n o t be le f t  to  th e  men. 
T h a t was th e  only draw back in  th e  R onceray 
method.

In  a num ber of castings, which would otherw ise 
have to  be rod-fed, th e  resu lts  were sa tis
factory . A j- in . round  w ound ru n n e r was used, 
being  placed a t  th e  to p  of th e  casting . In  o rder to  
ob ta in  th e  best results , such jobs have to  be very 
carefully  supervised to  ascerta in  th a t  th e  m etal 
was very ho t.

High and Low Phosphorus Iron for L iners.
M r . A. L. K e y  asked w hether M r. R ichm an 

could give any defin ite d a ta  as to  th e  re la tiv e  
values of high-phosphoric iron  and  low-phosphoric 
iron  fo r liners. M r. H u rs t w ent to  a  g re a t deal 
of troub le  to  acquire in fo rm ation  which, accord
ing  to  th a t  au th o rity , proved conclusively th a t  
high-phosphoric iron gave th e  best w earing  pro
perties on account o f th e  phosphoric nodules 
s tan d in g  o u t a ll along  th e  line . H e him self (M r. 
Key) h ad  worked along those lines, th e  phos
phorous co n ten t being above 1 per cen t., and  they  
had  no troub le  w ith  th e  lin e rs ; b u t w hether his 
liners w ere b e tte r  th a n  o thers in  which th e  phos
phorus was a t  a  m inim um  he could no t say , and  
he would be very glad to  know w hat d a ta  M r. 
R ichm an could give as to  w hat was th e  best 
w earing m a te ria l fo r liners. The m a jo rity  of 
people considered th a t  th e  h a rd e r i t  was, th e  
b e tte r  i t  would w ear, b u t one read  accounts of 
oases w here re latively  so ft m a te ria l h ad  given 
b e tte r  d u ty  th a n  th e  h a rd e r m ateria l.

M r. R ichm an had  suggested ru n n in g  cylinder 
liners slow and  e x tra  ho t. H e  him self h ad  made 
thousands, and  found th a t  ho t m eta l was essen
tia l—one could n o t get a  good liner w ithou t i t— 
b u t in  h is opinion h e  had  proved th a t  th e  quicker 
they  could get i t  in  th e  b e tte r  th e  resu lts .

T hyssen-Em m el Iron.
M r. R ichm an h ad  to ld  them  of a  b a r of Thyssen- 

Emmel iron  w hich stood a te s t up  to  45 cwts. In  
h is own experience a b a r of sim ila r analysis was



tes ted , and  th e  m achine would n o t b reak  i t  a t 
49 ew ts .; th ev  then  used a  b it of leverage, and  i t  
broke. H ad  M r. R ickm an any  record of the  
deflection of h is Thyssen-Emmel bar?

M s. R ic h  w a x  replied  th a t  h e  h ad  no t any 
figures re la tin g  to  th e  influence of phosphorus 
on cylinder liners. H e  could only generalise from  
experience. I n  th e  liner castings he had  shown, one 
could easily im agine th a t  th e  p o rt bars  on th e  
exhaust side of the  line r had  to  w ithstand  a  very 
h igh  tem p era tu re . H  th e  phosphorus was h igh, 
th e  b a rs  would crack.

M r K ey having concurred, M r . R i c h  w a x  con
tin u ed  by  s ta tin g  th a t ,  w ith  a num ber of cylinder 
heads, pistons, e tc ., h is experience was th a t  the 
cause of th e  troub le  could be traced  to  high phos
phorus every tim e. H e  was n o t in sisting  th a t  
h is m ethods were unassailable, b u t h is conclu
sions w ere based on prac tice . In  saying th a t  he 
could n o t im agine anyone who had  experience of 
in te rn a l combustion engine castings insisting  
th a t  th e  phosphorous conten t was un im portan t. 
H e found th a t  th e  liners m ust be ru n  a t  a cer
ta in  speed, as th e  effect of th e  ru n n e r was lost. 
The object o f th e  ru n n e r  was to  d raw  th e  d ir t 
aw ay from  under th e  p o rt cores to  th e  wall 
sep ara tin g  th e  two nests of p o rt cores and  so up 
in to  th e  sullage heads.

The Running of Liners.
M r. S. G. Ssiith said  he had  n o t recently  been 

in  co n tac t w ith  p rac tica l work to  th e  same ex ten t 
as some others in  th e  audience, b u t he had a  fa irly  
long experience of castings of th is  k ind, and  he 
had  been up aga in s t th e  troubles which M r. R ich- 
m an  experienced. They h ad  to  be solved, and 
while he d id  n o t know th a t  he had  always adopted 
th e  best m ethod, he h ad  a t  all events arrived  a t  a 
solution, which was th e  chief th ing .

They knew th a t  th e  L anz iron  was m ade in  ho t 
(500 deg. C.) moulds. M r. R ickm an had  also to ld  
them  abou t th e  Thyssen-Emmel iron. H e d id  not 
know, and  therefo re  would ask M r. R ickm an th e  
question, w hether th e  m eta l was cupola m elted, 
and  a special m ix tu re . W as th a t  also ru n  in  ho t 
moulds? The tem p era tu re  usually  adopted by Mr. 
R ichm an was an easy tem pera tu re . A nother
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in any of th e  castings which had  been shown 
denseners or chills w ere applied to  th e  heavy p a rts .

The m ethod of ru n n in g  th e  liners which had  
been depicted was used in  some of th e  foundries 
in  th e  M anchester d is tric t. B u t why d id  M r. 
R ichm an open o u t th e  top  ru n n e r before th e  m eta l 
reached th e  po rts  in  one case and  in  th e  second 
allowing th e  m eta l to  come over th e  p o rts  before 
he opened ou t th e  top  ru n n e r?  I t  m ig h t be an 
advan tage  to  do i t  in  th a t  way, and  M r. R ichm an 
m ight have a  special reason for it.
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Experience w ith  T hyssen-E m m el Iron.

M r . R ic h m a n  sa id  i t  was claim ed for th e  
Thyssen-Em mel m ethod th a t  th e  m eta l could be 
cast in  a  cold mould. The b a r he had  exam ined 
looked as though  i t  was a g reen-sand casting . I t  
was a lf - in . bar, and  gave as m uch as 26J tons 
tensile. C erta in ly  th e re  was a  considerable scope 
for th is  Tltyssen-Emmel iron. I n  th e  fu tu re  
th e ir  own line  of experim en t was going to  be 
on th e  lines of a lte rin g  th e  tu y e re  a rea , th e  
b last pressure, th e  volume of a ir , and  tr y  to  lower 
th e  to ta l carbon and ra ise  th e  silicon con ten t. T h a t 
would come m ore in to  line w ith  th e  Thyssen- 
Emmel iron.

Low-Carbon Cast Iron.

The low to ta l carbon was a fe a tu re  of th e ir  
cylinder castings, which w ere very  free  from  
shrinkage trouble . B uchanan  always insisted  
th a t  if one had  a No. 4 fra c tu re  w ith  th is  ty p e  of 
iron i t  gave less troub le  from  sh rinkage  th a n  any 
o ther iron. H e  th o u g h t M r. Sm alley’s researches 
proved th e  sam e th in g , th a t  w ith  th e  p ea rlitic  
s tru c tu re , for th a t  was w h a t i t  was, i t  gave a leas t 
m inim um  shrinkage. W ith  th e ir  3.2 to ta l  carbon, 
if th ey  lowered th a t  to ta l carbon sligh tly  th ey  
induced sh rinkage troubles. W hether th a t  was 
because they  ra n  so low in  silicon he could n o t say, 
o r w hether they  could ra ise  th e  silicon and  lower 
th e  to ta l carbon and s till g e t good results . H e 
th o u g h t i t  was possible ; in  his opinion those  were 
th e  lines on which g rea t success would be achieved.
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Influence of C hills.

H e had never been p a r tia l to  chills. They cured 
th e  troub le  in  one place, b u t i t  appeared some
where e lse ; i t  was only sh ifted  or spread out 
over a w ider area. W ith  theiir iron  one could no t 
use a chill, las i t  would produce a w hite frac tu re . 
H e rem em bered a case where hard  spots occurred 
a t  th e  sam e place on liners tim e  a fte r tim e, and 
he found  o u t th a t  the  box p a r t was ju s t touching 
the  casting , and i t  s truck  a f- in . chill, ju s t the 
shape of th e  wedge end of the  b ar in the  box. I t  
was a f- in . chill in to  a  liner § in. thick.

M r. Sm ith  had  asked why he opened th e  top 
ru n n e r when th e  m etal was below the  ports, and 
his methods when th e  ports were s itua ted  all 
around  th e  liner. The object of th e  ru nner was 
based upon draw ing away th e  d ir t  from  under
nea th  ports, b u t when th e  liner had ports all th e  
way round th e re  was no place to  drop th e  m etal 
down, so th a t  th e  bottom  ru n n er was used to  fill 
th e  mould ju s t above th e  ports before th e  top 
runners were opened.

The Influence of Hot M oulds.

Mu. P oole (K eighley Laboratories) asked 
w hether th e  pearlitic  s tru c tu re  depended upon the 
tem p era tu re  of th e  mould. W ould 100 deg. m ake 
all the  difference?

M r . R ic h m a n  insisted th a t  i t  would make all th e  
difference. Suppose for some reason or o ther th e  
tem p era tu re  dropped. Wihen such a casting  got 
in to  the  m achine-shop th e  edges of th e  bosses or 
any p ro tru d in g  p a r t  of th e  casting  were hard , and 
usually had  to  be ground off. T h a t was qu ite  all 
rig h t, b u t i t  showed w hat one got from  a 
warm, yet insufficiently w arm , mould, and  they 
could im agine w hat they  would get w ith a cold 
mould. H e had  never cast w ith  a cold mould, so 
he could n o t say exactly  w hat happened, b u t his 
experience was th a t  if tes t-bars were cast in a 
mould a t  th e  same tem p era tu re  as a liner cast
ing, th e  bars were w hite r ig h t th rough , so th a t  
i t  was a p re tty  foregone conclusion w hat th e  
casting  would be like if th e  mould were cold.

M
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M aking Low-Carbon Cast Iron.

M r. B r ie r l e y  asked how M r. R ichm an proposed 
to  g e t  iron  w ith  th e  desired proportion  of to ta l 
carbon, th a t  is, n o t exceeding 3.2 per cen t, from  
h em atite  p ig-iron  which con tained  4.25 per cen t, 
to ta l carbon. D id  he use a special cupola for m elt
ing  th e  cylinder iron?  I t  was n o t easy to  im agine 
th a t  Ihe wias m elting  th is  special iron  w ith  common 
iron  in  th e  sam e cupo la ; o therw ise a  good p e r
cen tage of th e  special iro n  would be spoiled by 
h igh  phosphorus. W ere th e  com bined carbon 
figures in  th e  analyses th e  percentages in  th e  
castings them selves, th e  liners, o r w ere th ey  th e  
percentages in  test^bars?

M r. R ic h m a n  sa id  th e  3.2 per cen t, was n o t 
very low when one rem em bered th a t  M r. Y oung 
had  2.8 per cen t. H e m igh t say th ey  did n o t use 
any foreign scrap  ; i t  was cy linder scrap . T he one 
draw back was th a t  th ey  d id  n o t ge t enough of i t  
to  ca rry  on from  day to  day. T he ir firs t charge 
th ey  always ra n  down in to  a pig. I f  they  were 
very sh o r t they  ra n  down tw o charges, or th ree  
ch a rg e s ; so t h a t  th ey  s ta r te d  w ith  a scrap  which 
was very  low in  to ta l carbon, th e  steel, and  th e  
cupola conditions w ere reg u la ted  to  give th is . 
V ery o ften  th ey  ra n  an  o rd in a ry  iron  a f te r  th e  
cylinder iron  was cast up . I f  th ey  p u t  on more 
cylinder iron  th a n  th ey  w anted  and  th e  phos
phorus in th a t  was n o t to o  h igh , th ey  used i t  as 
cylinder scrap . I f  th ey  had  a su itab le  casting , 
a dry-sand job o r sim ila r work, th ey  generally  
p u t i t  in  th e re  to  ge t rid  of i t .  T h a t was how 
they  go t over th e  tro u b le  of p a r t in g  th e  charges. 
They h ad  tr ie d  p u tt in g  in  an  e x tra  deep coke 
charge, h u t th e  to ta l carbon increased s tra ig h t 
away. I t  h ad  been proved conclusively th a t  a 
th ick  coke charge would give high to ta l carbon 
directly  a f te r  th e  incom ing charge.

In  a ll cases th e  combined carbon  was ta k e n  from  
liner borings. T here  was a  roughing cu t th ro u g h , 
then  a ream er cu t, and  these w ere ta k e n  off th e  
ream er c u t. I t  was only fa ir  to  ta k e  th e  com
bined carbon  in  th e  borings. I f  th e  com bined 
carbon was ta k e n  from  th e  te s t-b a r and  in  th e  
liner th e  percen tage  was 0.85 in  th e  lin e r, and 
probably n ea re r 1 p e r  cent, in  th e  te s t-b a r.
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A nsw ering a fu r th e r question, Mr . R ichman 
said th e  mould was about 90 to  100 deg. C., which 
was n o t very (hot.

Working C onditions.
Mr . K ey p u t th is  question, supplem enting  w hat 

M r. B rierley  had  said. Supposing M r. R ichm an 
w anted  th re e  tons of special iron, how m uch would 
he consider h e  was safe  in  charg ing  so th a t  he 
would n o t g e t th e  contents of th e  so fter m ateria l 
follow ing? I t  was a  very difficult m a tte r  to  sepa
ra te  charges. I f  th e  charge of th e  m ix tu re  was 
p u t on and  then  tak en  away in sections th ere  were 
wide varia tions, n o t in  the  'actual analysis, b u t in  
th e  degree of hardness. I n  th is connection M r. 
K ey re fe rred  to  his own experience w ith  a m ix tu re  
co n ta in ing  about 60 per cent, steel, 10 per cent, 
h a rd  iron, and  30 p er cent, so ft iron . One p a rt 
of th e  casting  had  to  be so h a rd  th a t  n e ith er a 
chisel, file nor ham m er could m ahe any im pression 
on it , th e  re s t  had to  be m achinable. The weight 
was 6 cwt. They could n o t g e t th e  m etal hard  
enough fo r th e  purpose by charg ing  a t  th e  com
m encem ent of th e  blow, for ju s t a li t t le  h it  of 
m etal from  th e  succeeding charge spoiled i t .  By 
charg ing  up th is  m ix tu re  a f te r  th e  day’s blow and 
add ing  th e  o rd in ary  coke charge they  obtained 
w hat th ey  sought, th a t  was 0.7 silicon and 0.15 
per cent, phosphorus.

M r. R ic h m a n  replied  th a t  one charge was used 
more th a n  was requ ired , h u t they  did n o t drop 
in to  very common iro n ; th ey  changed in to  iron  
w ith  0.8 p e r cent, phosphorus. They had  to  be 
very p a rtic u la r , because th e re  were a num ber of 
d ifferen t thicknesses, an d  they  bad  to  soften off 
g radually . In  cylinder heads th e  phosphorus m ust 
n o t be h igh, and  they  k ep t a carefu l w atch upon 
th e  phosphorus.

Taking T est-bars.
M r . K ey asked w hether th e  test-bars were taken  

o u t each day p ractically  from  th e  sam e position in 
th e  Mow? H ad  M r. R ichm an tr ie d  tak in g  a suc
cession of test-bars from  th e  furnace and analysing 
them  ?

M r. R i c h m a n : H e never used th e  first tap .
Mr . K ey : Take th e  first m etal you use. Say 

you tak e  a ladle fu ll for two or th ree  liners, and
m 2
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then  you tak e  ano ther ladle aw ay and  cast some 
more. H ave you tr ie d  ta k in g  a succession of tes t- 
bars from  each ta p ?

Mu. R i c h m a n : N o .
Mr . K ey th o u g h t th e re  would be a rem arkable  

inconsistency in  th e  figures from  one blow. H e 
would like th e  au th o r to  m ake th a t  observation.

M r. R ic h m a n  said for a large-sized liner they  
sometimes cas t th e  bars first, second or th ird  ta p . 
H e did n o t tak e  th e  troub le  to  ascerta in  w hat ta p  
i t  cam e fro m ; if  th e  m ix tu re  was rig h t, th a t  was 
all th a t  m atte red . The resu lts he had  given were 
no t from  test-bars, b u t from  th e  liners.

Mr . K ey said  his experience was th a t  from  th e  
first ladle ta k e n  away they  could get a fa ir ly  good 
consisten t analysis, b u t i f  they  took th ree  ladles 
o u t of th a t  one blow th e  analyses would vary , 
because if steel was being  used and  was p u t on 
th e  first charge th e  steel would come th rough  first, 
and  th e  first lad le would be m uch h a rd e r  th a n  th e  
succeeding ladle.

I f  th ree  liners w ere cas t from  th e  first lad le  
they  would have th e  sam e analysis, b u t if from  
ano ther ladle th ey  w ould be d ifferent.

M r . R ic h m a n  in s i s t e d  t h a t  i t  w a s  p r e f e r a b le  t o  
t a k e  a w a y  m e t a l  in  l a r g e  q u a n t i t i e s ,  t h e  b ig g e r  t h e  
q u a n t i t y  t h e  m o r e  c o n s i s t e n t  w e r e  t h e  r e s u l t s .

I n  answer to  a question by M r . S m i t h , th e  
L e c t u r e r  po in ted  o u t th a t  th e re  a re  foundrym en 
who s ta te  they  can obtain  cupola m etal ca rry in g
2.8 per cent, carbon.

M r . K ey : W e frequen tly  have p ig-iron w ith
2.8 to ta l carbon.

T h e  C h a ir m a n  : 2.8 to ta l carbon has been
ob tained  on several occasions when we were no t 
a ltogether conversan t w ith  pearlitic  iron.

M r . S m i t h : P u t  th rough  th e  cupola?
T h e  C h a i r m a n : Y es; ,put th ro u g h  th e  cupola 

and cast in  moulds.

Vote of Thanks.

M r. J . S. G. P r im r o s e  proposed a vote of 
thanks to  M r. R ichm an for h is P ap e r. I t  could 
be regarded  as a model fo r fu tu re  P ap ers  to  be 
read  before th e  B ranches; i t  was an adm irable 
com bination of m etallu rg ical theo ry , w ith  an 
exposition how to  p u t i t  in to  p rac tice .
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In  seconding th e  m otion M r . H . S h e r b u r n  
rem arked th a t  apparen tly  th e  question of pearlitic  
cast iron was going to  tak e  a p rom inent place in 
th e  deliberations of th e  In s titu te , and the}1' would 
look forw ard  w ith  in te re s t to  M r. R ickm an 's con
tr ib u tio n  to  an aspect of im portance in  foundry 
practice.

The vote of thanks was carried  unanim ously.
In  replying, M r . R ic h m a n  rem arked th a t  he had 

to  th an k  M r. P rim rose for the  m icrographs and 
lan te rn  slides, and M r. R. H . C. W eebes for 
the  analyses cited.
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London Branch.

MACHINES IN NON-REPETITION FOUNDRIES. 

B y G. Edgington, M em ber.
In  in troducing  th is  sub jec t of “ M achines in  a 

N on-repetition  F o u n d ry ,”  i t  is probable th a t  
foundrym en always associate m oulding m achines

F i g . 1 .— S h o w in g  v a r io u s  P a t t e r n  B o a r d s  
a n d  T ype  o f  J olt  M a c h in e  u s e d .

w ith th e  production  of la rge  q u an titie s  of rep e
titio n  castings. B u t com petition is so keen in  
these tim es th a t  founders a re  tu rn in g  th e ir  a tte n 
tion  to  m achines th a t  will help to  produce b igger 
and m ore varied  types of castings. A lready g re a t 
strides have been m ade in th is  d irection , w hich has 
m ateria lly  helped to  reduce th e  cost of castings to  
th e  custom er. Also th e  skilled m oulder is losing 
some of his conservatism  and  tak in g  m ore k ind ly  
to  these m achines, which are help ing  to  c u t o u t 
some of th e  d rudgery  of his tra d e .

The need is becoming g rea te r for th e  use of 
machines, as really  skilled m oulders a re  g e ttin g  
m ore scarce as tim e  goes on, and  i t  is there fo re
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essential th a t  m achines which can be operated  by 
semi-skilled men a f te r  a few weeks’ tra in in g  should 
be m ore widely used to  m eet foreign com petition.

The foundry  in th e  p a s t has been badly neglected 
by th e  engineer, b u t th e  signs are  th a t  more 
a tte n tio n  is being given in  th is  d irection , and  
m echanical appliances a re  being introduced in 
m any forms. B u t even in  these tim es one fre
quently  hears p rac tica l founders say th a t  th e i r ’s 
is a jobbing shop, and therefo re  can find no use 
for m oulding machines, as th e  class of work they  
are  producing is too varied , and no t enough off

F i g . 2 .— S h o w in g  a F e w  P a t t e r n s  f o r  
S t e e l  C a s t i n g s .

to  w a rra n t th e  use of machines. I t  is n o t pro
posed to  enum erate  all th e  d ifferent types of 
m achines in  use a t  th e  p resen t tim e, b u t to  show 
w hat th e  Broadoaks foundry  is doing, which may 
possibly be of some in te res t and help to those who 
have no t up to  th e  p resen t tim e  given th is m a tte r 
serious consideration.

There a re  num erous kinds of jo lting  machines, 
all of which are  claimed by th e ir  different makers 
to  be th e  best, b u t th e  au th o r is of opinion th a t  
th e  best m achine is th e  one constructed on simple 
lines, and which gives g rea te s t service and effi
ciency w ithout being in th e  fitte rs’ hands 0110  or 
two days each week. The p lain  jo lt machine, w ith



o u t any tu rn ing-over gear or o ther com plications is 
the  one which, is favoured a t  th e  B roadoaks works. 
This being a  non-repetition  shop, is best served by 
a m achine whose only operation  is to  ram  th e  sand . 
There are e ig h t m achines (F ig. 1) w ith  6-in. d ia . 
cylinders, th e  lif tin g  capacity  being abou t 12 cw ts., 
and th e  tab le  24 in. x 18 in . The m ethod employed 
is to  have several jobs on p lates (F ig . 2), o pera t
ing  sim ultaneously. F o r instance, while th e  opera to r 
jo lts up one box, a  m an o r boy, according to  th e  
job, draw s th e  p a tte rn , so th a t  th e  m achine is 
kep t ram m ing  all th e  tim e, and as long as
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F i g . 3 .— A  n u m b e r  o f  M o u l d s  s h o w i n g  t h e  
L o n g  P i n s  u s e d  w i t h  C o t t e r  H o l e s .

required . F rom  F ig . 3 i t  will be noticed tn a t  th e  
boxes have fa irly  long pins, and th is  keeps th e  
p a tte rn  q u ite  steady  and ensures a good draw . 
These pins have a slot th rough  w hich a co tte r  is 
passed, and th is  serves to  fasten  th e  box down to  
the p a tte rn  board w hilst i t  is being jo lted .

By no t hav ing  a p a tte rn -d raw in g  a rran g em en t 
on th é  m achine th e  necessity is e lim inated  for 
m achined boxes, which a re  a considerable cost on 
the  foundry . F or m aking  th e  m oulding boxes th e  
jo ltin g  m achine is also used. This gives them  very 
good faces, which in  m any cases a re  alm ost as 
good as m achined ones. An a rrangem en t (F ig . 4) 
which has been found to  work sa tisfac to rily  is to
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p u t the h an d  boxes on benches. The men are able 
to  stan d  up to  th e ir  work, and a re  much more 
com fortable, and work b e tte r  th a n  when kneeling 
in th e  damp sand on th e  floor. I t  is no t wished 
to  d iscred it in any way the excellent arrangem ents 
on some m achines which are  doing th e  sam e jobs 
day by day for weeks a t  a stre tch . There is much 
to  he said for them , h u t i t  seems desirable to 
em phasise th a t  good work can be obtained from 
jo lt m achines w ithou t any expensive tackle being 
first prepared. This will best be illu s tra ted  bv

F i g . 4.— S h o w i n g  t h e  A r r a n g e m e n t  or 
B e n c h e s  f o e  H a n d  B o x e s  I n t e o d u c e d
FOE THE P u BPOSE OF ELIM INATING  
t h e  K n e e l in g  o f  M o u l d e r s  i n  D a m p  
S a n d .

illu stra tions of bigger m achines in use in the  
Broadoaks Foundry.

There a re  two large  machines, one w ith a 20-in. 
d ia . cylinder, capable of liftin g  8 tons, 'another 
w ith 16-in. dia. cylinder, which lifts 5 tons, the 
tables being 6 ft . square. This does not mean th a t  
any th ing  longer th a n  6 ft . cannot be ram med, as 
frequently  boxes are  used up to  12 and 14 ft. 
long. A round these m achines th ere  are a  num ber 
of p lates of various sizes to  tak e  different sized 
jobs. These have a series of tapped  holes 1 in. dia. 
pitched a t  equal distances around th e  edges. This 
allows th e  p u ttin g  of various size boxes on the  same
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plates, and a t  th e  sam e tim e  ensures being able 
to fasten  down th e  box. The p la tes have m achined 
faces, and  when th e  jobs come off th e  m achine

F i g . 5 .— H e r e  t h e  P a t t e r n s  a r e  M o u n t e d  
on  P r a t e s  p r e v i o u s  t o  t h e  B o x e s  b e in g  
P l a c e d  o v e r  t h e m .

F i g . 6 .— A  P a t t e r n  M o u n t e d  o n  t h e  
P l a t e  R e a d y  f o r  R e c e i v i n g  t h e  B o x .

they  p resen t a perfectly  t r u e  jo in t, an d  th e  
m oulder has only to  d raw  th e  p a tte rn . I f  th e  job 
has several off, dowel p ins are  located  along th e



cen tre  line of th e  p la te , and  th e  p a tte rnm aker 
has jigs, which su it th e  d ifferen t lengths of 
pa tte rn s . In  m ost cases no locating  pins a re  used 
where only one or two castings are  required . The
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F i g . 7 .— A  M o u l d in g  B o x  B e in g  B a m m e d  
o n  t h e  L a r g e  M a c h in e .

F i g . 8 . — S h o w i n g  a  H a l f  P a t t e r n  f o r  a n  
A d a p t e r  C a s t i n g .

two h a lf-p a tte rn s  a re  set equally in  the  box top and 
bottom . Then before th e  core is p u t in  th e  bottom  
half of th e  mould th e  top is set accurately  over i t  
and  e ith e r p inned or m arked. The core is then, p u t



in  and  the  cope replaced to  th e  m arks. To work th is  
m achine th e re  is w hat is called a m achine squad, 
which consists of tw o moulders, or th re e  when 
busy, and  th ree  labburers. The p a tte rn  is placed 
on th e  p la te , th e  labourer pu ts  on th e  box, and  
w hilst th e  m oulder is p u tt in g  in  lifte rs  o r looking 
a f te r  p a rts  requ iring  special a tte n tio n , th e  
labourer fastens th e  box down to  th e  m achined 
p la te  w ith  clips and  screws. This is th e n  p u t on 
m achine, and th e  o th e r labourers th e n  fill up w ith  
sand and  ram  th e  job. By th is  tim e  an o th er job 
has been p repared  by th e  m oulders and  is ready
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F i g . 9 .— S h o w i n g  T w o  H a l f -m o u l d s  f o b  a n  
A d a p t e b  a f t e e  b e i n g  R a m m e d .

for th e  m achine. This continues, an d  as th e  
moulds come off th e  m achine th ey  a re  handed  over 
to  th e  m en in  th e  shop who draw  th e  p a tte rn s  and  
finish th e  mould ready  fo r casting . By hav ing  
these various p lates th e  m achine is no t k ep t s ta n d 
ing, and  there fo re  m uch m ore w ork can  be done. 
The several illu s tra tio n s w ill il lu s tra te  th e  above 
(F igs 5 to  10).

This cylinder (F ig . 11), w eighing 11 tons, as 
cast is 36 in . d ia ., bore 11 f t .  6 in . deep, w ith  
head, is ram m ed up on th e  big jo lt m achine, th e  
boxes are  m ade in  sections 24 in . deep, and  when 
fu ll of sand a re  ju s t u nder th e  lif t in g  capac ity  of 
th e  m achine. The p a tte rn s  a re  dowelled on to  a
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m achined p late , and th e  boxes are  p inned  to 
cen tre  lines, which a te  also used when assembling 
the job. A fte r ram m ing th e  sections, which make 
up the  bottom  half of the  cylinder to  the  centre

F i g . 10.— M o u l d s  M a d e  b y  t h e  L a r g e  
J o l t  M a c h i n e .

F i g . 11.— S h o w i n g  C y l i n d e r  C a s t i n g .

line, th e  p la te  is then  tu rn ed  over, the  same 
holes being used on the  o ther side of p late . This 
allows for no discrepancy, and the  job comes 
together accurately  when being assembled. Before



adopting  th is m ethod, these cylinders were sw ept 
up in  loam, and th e  valve boxes se t as the  
moulders bricked up th e  job.
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F i g .  1 2 .— C o m m e n c e m e n t  o f  M a k in g  a 
C y l in d e r , s h o w in g  t h e  F i r s t  P i e c e  o f  
P a t t e r n  M o u n t e d  o n  t h e  P a t t e r n  P l a t e .

F i g . 1 3 .— P a r t i a l  A s s e m b l y  o f  t h e  
M o u l d .

I t  will readily  be understood th a t  i t  gives a 
much more accura te  casting , and  th e  cost is re 
duced very considerably. Some of th e  m oulders
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do no t use a ram m er during  th e  day, they  draw 
pa tte rn s , finish, and  assemble th e  moulds. The 
m oulder who has n o t to  use th e  ram m er becomes 
more ad ep t a t  finishing his work, therefore  doing 
i t  quicker and cleaner. B e tte r  castings are pro
duced by the  use of jo lt machines, being more tru e  
to  p a tte rn s , also w hat is im portan t, are less liable 
to  scabbing, as th e  machine ram s more uniform ly 
th a n  when i t  is done hy hand, as scarcely two 
m oulders ram  alike.

F i g . 1 4 .— S h o w i n g  t h e  M o u l d  i n  t h e  
P i t , w i t h  t h e  C o r e s  i n  P o s it io n  
R e a d y  f o r  t h e  T o p  P a r t .

The Sand Slinger.
The B roadoaks Foundry  has now another 

machine, which is a considerable asset to  its equip
m ent, as it  has installed  one of th e  portable types 
of sand-slinging machines. This is proving very 
useful, and th e  m ethod followed is to  ram  deep 
bottom s on th e  jo lt machine, tu rn  the  job over, 
and p u t on th e  top  p a r t  or cope, then  place i t  
under th e  sand slinger for ram m ing (Figs. 15 and 
16). I t  is then  passed to  shop moulders. This 
denotes th a t  very little  ram m ing by hand is being 
done. C ertain  parts , under bars, etc., a re  tucked 
by hand. The pleasing p a r t  is, no special rigs are 
required , being handled by th e  slinger in th e  same 
way as if ram m ed by hand.
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This m achine can be taken  anyw here in  th e  
stiop, to  th e  bigger jobs, and is prov ing  very

F i g . 15.— S h o w i n g  t h e  S a n d  S l i n g e r  a t  W o r k .

F i g . 1 6 .— T h e  S a n d  S l i n g e r  M o u n t e d  

o n  a M o u l d .

useful indeed (Figs. 17. 18, 19 and 201. The bed- 
fram es shown in  F ig . 21 are  a fa ir ly  big job, and



they  a re  m ade in various sizes, up to  19 tons. The 
one shown is about 15 tons, its length being about 
18 f t . ,  v a ry ing  according to  the stroke of the  engine.

F i g . 1 7 .— S h o w i n g  t h e  S a n d  S l in g e r  L if t e d  
U p  t o  R a m  a  L a r g e  Box P a r t .

F icS. 1 8 .— L a r g e  P i p e  C a s t in g  T a p e r in g  
f r o m  4 2  i n . d i a . to  2 4  i n ., R a m m e d  
E n t ir e l y  b y  t h e  S a n d  S l i n g e r .

I t  is about 7 f t . wide, and 5 ft . deep. A fter the  
p a tte rn  is on its bed, and the  ram m ing under
nea th  is finished, i t  is usual to  bring  th e  sand



slinger on th e  job, and p ractically  th e  whole of its 
sides, inside draw backs, and  to p -p a rts  a re  ram 
med by th e  m achine, which is moved from  one p a r t  
to  ano ther as requ ired . A considerable sav ing  in 
tim e is effected on a big job like th is. W hen 
ram m ing the  to p  p a rts , which are over 20 f t .  long, 
work is commenced a t  the end of job, th en  a f te r  
th e  first 8 f t .  is ram m ed th e  m achine is moved 
along, s tand ing  on the  p a r t  th a t  has already  been 
ram m ed.
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F i g .  1 9 .— B o x  P a r t s  U s e d  e o r  M a k i n g  
P i p e s .  E a c h  P a r t  i s  1 5  f t .  x  8  f t .  
x  2  f t .  8  IN.

This m achine will also ram  big cores equally 
well. In  m aking a large speed-ring, fo r a hydro
electrical job, w here th e  m iddle po rtio n  was 
form ed w ith  heavy cores, th e  first se t of cores was 
m ade in  tw o weeks by fou r m en ram m ing  by 
hand. The sand slinger was th e n  used fo r th e  
2nd and  3rd  castings, and  reduced th e  tim e  ju s t 
by one week, m aking  a saving of 50 p er cen t, on 
th e  tim e. I t  has not been possible to  get an  illus
tr a tio n  of th is  job, b u t th e  cores were 5 f t .  deep 
in  th e  deepest p a r t ,  th e  d iam eter of th e  job 
18 f t .  6 in ., and weighed 28 tons. This m achine 
is doing very well, an d  gives very  li tt le  troub le  
mechanically. The blades requ ire  to  be renew ed 
fa irly  frequen tly  some days, o th e r tim es they  la s t 
th ree  o r fo u r days w ithou t changing . C hanging 
a blade can be accomplished in th ree  o r fou r
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m inutes. A t th e  Broadoaks works, these blades 
a re  cast in  a chill mould. They a re  th en  annealed,

F i g . 2 0 .— S h o w i n g  H a l f  o f  a B i g . T r u n k  
G u id e  M o u l d  m a d e  i n  t h e  s a m e  B o x  as  
t h e  P i p e  b y  t h e  S a n d  S l i n g e r .

F i g . 2 1 .— S h o w i n g  B e d p l a t e  M o u l d  w i t h  
C o r e s  a n d  D r a w b a c k s  L i f t e d  O u t . I t 
h a s  b e e n  R a m m e d  b y  t h e  S a n d  S l in g e r
A F T E R  M A K I N G  T H E  U N D E R S I D E  OF T H E
P a t t e r n  b y  H a n d .

and providing no pieces of scrap a re  p u t th rough  
th e  m achine they  give good service, and cost very
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little . The top cover is also cast on a chill. This 
gives a  nice level surface each tim e, enab ling  th e  
blade to  be set very close to it, which is necessary 
and  im p o rtan t fo r h a rd  ram m ing. The cover 
lasts about four o r five weeks.

Shake-out Table.

A nother useful tool, which is of considerable in 
te re s t is th e  shake-out tab le . This m achine con
sists of a tab le  w ith  a cylinder and  p is ton  a t  one 
end, th e  o ther end  works in  a knuckle jo in t. On

F i g . 22.— T h e  S h a k e - o u t  T a b l e .

th is  tab le  the  boxes are  placed, a f te r  casting , for 
knocking o u t th e  sand  ready  for use again . They 
are  picked up by th e  crane, shaken o u t on th e  
table, th en  placed over th e  p a tte rn  again . This 
m achine saves a considerable am ount of tim e and 
heavy labour. Foundrym en a re  aw are of w hat i t  
m eans to  knock o u t deep top  p a rts , which have 
been d ried  w ith  lifte rs  in . By th e  side of th is  
tab le  are big hoppers w ith  m echanical riddles over 
th e  top . The sand which has been shaken o u t is 
w atered  and passed th ro u g h  th e  m echanical 
riddles, which mixes it . The hoppers a re  th en  
picked up and dum ped in to  th e  b igger boxes and 
filled by h and  in to  th e  sm all ones.
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DISCUSSION.

T h e  B r a n c h  P r e s i d e n t  (M r. G .  C .  Pierce), 
opening th e  discussion, expressed to M r. Edgington 
th e  appreciation  of th e  members fo r h is P aper. 
W ith  reg ard  to  th e  18ft. long bedplate which 
had  been m entioned by the  au thor, he asked how 
long i t  had  tak en  to  ram  th a t  w ith  th e  sand 
slinger. H e  had  noticed, h e  said, th a t  M r. 
E dgington  still stuck  to  jo lt ram m ing, though he 
had a  sand slinger in  h is shop, and  he asked, 
therefo re , why the  sand slinger had no t taken 
the  place of th e  jo lt ram m er to  a g rea te r ex ten t. 
H e asked th e  question because the  trend  of the 
P ap e r seemed to  be to  po in t o u t the  advantages 
of th e  sand slinger over p re tty  well everything 
else, and .it did  seem a li t t le  peculiar th a t  the jo lt 
ram m er ivas used to so g rea t an extent.

M r. V. C .  F a u l k n e r  (past B ranch P resident) 
referred  to  th e  rem ark  made by the  au thor, in 
connection w ith  some jobs ram m ed by the sand 
slinger, th a t  certa in  p a rts , under bars, etc., were 
tucked by hand. The use of previously p repared  
oil sand cores for such soft spots suggested itself 
as being a m eans of overcoming the  difficulty.

M r. M. J .  C o o p e r  asked for inform ation with 
regard  to  th e  cost of m ounting  p a tte rn s  for 
jobbing work, and w hether th e  cost of pu ttin g  
m any of these jobs on th e  jo lt ram m er was w ar
ran ted . As an  example, he m entioned a box 4 ft . 
square, and  upw ards. H e also asked th e  thickness 
of th e  p la tes used on th e  jo lt ram m ing machine 
for th e  various sizes of boxes, and w hat was Mr. 
E dg ing ton ’s experience of the  use of green sand 
on jo lt ram m ing m achines. D id he find th a t  it  
was necessary to  dry  work which was originally 
done in green sand, and to use any special class of 
sand fo r th is  type  of m achine? The po in t of the 
g re a te s t im portance, to h is mind, was th a t  of 
how th e  cost of production  by these machines 
compared w ith  th e  cost of p roduction  by hand  
labour. T hev m ust ta k e  into consideration th a t  
th e  overhead charges in  connection with these 
m achines w ere very h igh , and, in  addition , there  
were m ain tenance and power charges. M r. 
E dg ington  had re fe rred  to  a case in which it  had 
taken  four men a fo r tn ig h t to  ram  u p  a num ber 
of cores by hand, whereas two men had rammed
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th em  u p  in a week by m achine. W ould th e  over
head and  m ain tenance  charges in  connection w ith 
th e  m achines increase the  costs to- a h igher figure 
in  th e  case of th e  cores ram m ed by tw o men in  a 
week, th an  in th e  case of th e  cores ram m ed by 
four men in  a  fo r tn ig h t?

M r. A. S. Beech was ra th e r  d isappointed  th a t  
M r. E dgington  h ad  n o t said more abou t th e  tr a n s 
p o r t problem , w hich was one of th e  g re a te s t 
bugbears in  th e  foundry , n o t only of th e  sand, 
b u t of th e  boxes, to  and  from  th e  m achines, 
as well as th e  boxes from  th e  fe ttlin g  shop. H e 
asked fo r in form ation , therefo re , in  th a t  con
nection. W ith  reg a rd  to  th e  ram m ing jobs d ea lt 
w ith  in  jo lt  ram m ing m achines, h e  supposed th a t  
M r. E dgington  had  re fe rred  en tire ly  to  flat-backed 
jobs. H e  would also be in te rested  to  know th e  
methods adopted w ith  a  big box fo r fla t ram m ing  
th e  job a f te r  th e  jo ltin g  was over. R ecently , when 
in  Scotland, he had  seen pneum atic  ram m ers used, 
and he w ondered w hether M r. E dg ing ton  had  had 
any  experience in  th a t  connection.

Me . E dgington, rep ly ing  to  th e  B ranch  P re s i
d e n t’s question as to  th e  speed of ram m ing  in  th e  
oase of th e  18-dt. bedplate, ¡pointed o u t th a t ,  when 
th ey  reached a c e rta in  po in t, th ey  h ad  to  m ake 
th e  jo in ts of the  big cores, and, n a tu ra lly , th e  
m achine could n o t be used on th e  job th e  whole 
of th e  tim e. The job was ram m ed to  a ce rta in  
po in t, and  th en  le ft to  th e  m oulders, th e  m achine 
being used for some o ther job in  th e  in te rva l. 
On th e  ram m ing  of th e  b ig  bedp la te  m entioned, 
he had  saved som ething like th re e  days.

R eplying to  M r. F a u lk n e r’s suggestion as to  th e  
practice of tuck ing  under by h and  in  p a r ts  which 
could no t be ram m ed by th e  sand slinger. he said 
th is  had  been his p rac tice  for a  considerable tim e  
even on jo lt machines. H e  m ade use of oil sand  
cores very  considerably for th a t  purpose, because 
he could m ake oil sand cores very m uch m ore 
quickly th a n  he could finish or iron  an u n d ercu t 
job, or m ake a g rid  to  go over it . T here  w ere 
no core irons m ade fo r th e  oil sand  cores.

D ealing  w ith  M r. Cooper’s question as to  th e  
m ounting  of p a tte rn s  for some of th e  big jobs, 
he said  th e re  was no m oun ting  requ ired . They 
simply b ro u g h t o u t a  ha lf p a tte rn  or a  whole 
p a tte rn , and dropped i t  on to  th e  p la te . The
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p a tte rn s  he had  discussed had been working for 
tw elve years, and  w ere still good, h u t in  tim e 
th e  screw-holes, used for th e  screws for holding 
th e  jobs down, became larger, and  when th a t  
happened th e  n ex t size of ta p  was used. H e had 
s ta r te d  w ith  1-in. holes, h u t in  some cases the 
holes w ere now 1 % in ., and when they  wore o u t 
he would go to  l | - in .  holes. The thickness of 
th e  p lates was about 1 | in .; and both  sides were 
m aohined. T h a t was necessary on jo lt machines, 
because, w ithou t a fla t surface on th e  table, the  
job would sh if t  somewhat. The cost of production 
was much less when using m achines as against 
hand  labour. I t  would be o u t of place, however, 
for him  to  give figures. M achines w ent wrong 
very rare ly , and  they  often  w ent six m onths w ith
ou t being stopped a t  a ll for re p a irs ; in  fac t, he 
often  wondered how he had  ever m anaged w ith
ou t machines, because he h ad  become so used to  
them . M achine ram m ing was much be tte r th an  
hand  ram m ing for green sand work, as th e re  was 
less scabbing. H e  had  no t to  dry  moulds, as he 
had  had to  do form erly in  m any cases, and quite 
big jobs w ere m ade in  green sand—much bigger 
th a n  th e  4 f t . square boxes m entioned.

Transport Problem s.
W ith  reg a rd  to tran sp o rt, he agreed w ith Mr. 

Beech th a t  th is  w as a bugbear where th e re  were 
a  lo t of m achines; they  could only get one crane 
up a t  a tim e. H e had one crane a t  h is foundry 
which did no th ing  else b u t work round one 
m achine. I t  was a 10-ton crane, geared ra th e r  
fast, and , as th e  m en did n o t draw  any pa tte rn s  
or p u t any  moulds together under th a t  particu la r 
crane, they  could work fa irly  fast. As to  the  
jobs dealt w ith in  th e  jo lt ram m ing  machines, he 
said he did no t stop  a t  anything. The jobs were 
n o t by any m eans all flat-backed ones. I f  he had 
a  p la te  w ith an  uneven surface, he ram m ed up 
th e  top p a r t  first and p u t th e  p a tte rn  on th e  top 
p a rt, and th e n  ram m ed the  bottom  p a r t  over the  
top  p a r t  in  th a t  case.

Mb . D. G. Matheb (Messrs. M ather and  Sm ith, 
A shford, K en t) said  he had been a li t t le  dis
appointed  th a t  M r. E dg ington  had no t said  more 
abou t small hand m achines, because in  th e  South 
of E ngland  th e re  was much m ore small work done
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th an  large. H e asked if M r. E dg ing ton  would 
give h is views 011 th e  m achines which had  been 
illu s tra ted  recen tly  in The F oundry Trade 
J ournal, nam ely, th e  hand  jo lt m achines, as com
pared  w ith  h an d  squeezers.

M r. E dgington said th a t ,  as betw een hand  
squeezing m achines and  sm all jo lt m achines for 
rep e titio n  w ork—and by “ rep e titio n  w ork ”  he 
m ean t jobs from  which a  large num ber b ad  to  be 
taken—he certa in ly  p re fe rred  th e  small jo lt 
m achine, because, w ith th e  hand  squeezing 
m achine, if th e  p a tte rn  were n o t very shallow, one 
did no t g e t th e  same hardness as w ith  a  jo l t  
m achine. There were jo lt m achines w ith  tu r n 
over gear which were doing some good work, and 
he p re fe rred  them  to  th e  hand squeezers.

M r. R . J .  Shaw said  th e  lec tu re r had  re fe rred  
to  “ se ttin g  th e  p a tte rn s  in  th e  m oulding boxes 
by m eans of wood s tr ip s  ’ ’ when p rep a rin g  to 
ram  them  up w ith  th e  “  sand slinger,”  and  he 
had been w ondering w hat sort of accuracy was 
obtained and in  w hat ty p e  of job th a t  m ethod 
was used. H e presum ed i t  was som ething th a t  
was n o t very im p o rtan t, as i t  appeared  to  him  
th a t  to  m atch th e  top  and  bottom  halves of th e  
mould would be ra th e r  difficult even if only 
m oderate accuracy was required .

M r. E dgington illu s tra ted  th e  p o in t by m eans 
of a sketch, and said th e  m ethod was used only 
for large jobs. The m an in  charge of th e  m achine 
c u t two very sm all s trip s , say If- in . w ide and  
perhaps £ in . deep, and  those s tr ip s  w ere placed 
in th e  box between th e  sides of th e  box and  th e  
p a tte rn . T h a t m ethod gave h im  some degree of 
accuracy in  th e  se ttin g  of h is p a tte rn , so th a t  
he did n o t get th e  job an inch over on one side 
or th e  o ther.

M r. J .  W . Dunn asked M r. E dg ing ton  if  he 
p re fe rred  the sand slinger to  th e  jo lt ram m er. 
H is own experience was th a t  th e  jo lt ram m er was 
much superior. H e had  n o t ac tua lly  had  experi
ence w ith  th e  sand slinger in th e  foundries w ith  
which he had  been concerned regu larly , b u t he 
had spen t a period in  a foundry  in  w hich these 
m achines were in use, and his im pression was th a t  
th ey  did not give a un iform  job ; th e re  w ere too 
m any jo in ts . T he deeper th e  job, th e  so fter was 
th e  ram m ing  a t  th e  b o tto m ; when th e  sand  was
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ram m ed a t  tlie  bottom  of th e  box i t  sp read  ou t, 
and  i t  was h ard er tow ards th e  to p  of th e  box. 
In  w hat way would M r. E dging ton  apply th e  sand 
slinger to  oil sand cores?

Mr . E dgington replied th a t  in  th is  coun try  we 
were n o t yet educated  up to  th e  sand slinger, 
and  we were n o t g e tt in g  o u t of i t  all th a t  was 
possible, b u t we should do in  tim e. H is p ractice 
was to  ram  deep bottom s on th e  jo lt m achine in 
preference to  th e  sand slinger. H e had  n o t yet 
made any special tackle for th e  sand slinger, b u t 
in  course of tim e he would m ake th e  bottom s w ith 
a loose p late , so th a t  th e re  would be an open box 
to  ram  in to  w ith  th e  sand slinger. W hen th a t 
was ram m ed up, th e  p la te  would be p u t on and 
bolted to  th e  box. In  m any cases, in stead  of 
using lifte rs , he  believed i t  would be advisable 
to  use jo in t p lates. I n  th a t  case one simply had 
staples up  th e  box instead  of lifte rs. In  a long 
box one w ould perhaps g e t four o r five staples 
s tand ing  up  when th e  ram m ing was finished, 
in stead  of 100 or 200 lifte rs , and in th a t  way he 
believed we should get over th e  difficulties w ith 
th e  sand slinger. W ith  regard  to  ram m ing up 
cores w ith  th e  sand slinger, he had n o t a ttem pted  
th a t  ye t, and he did n o t th in k  he would fo r a  
tim e. Oil-sand cores did not requ ire  much 
ram m ing, and i t  was sufficient, in some cases, for 
a m an _to p u t th e  sand  in to  a box and ram  with 
his feet. There were some jobs which would 
never be m ade on m achines: i t  m ust be recognised, 
of course, th a t  m achines had th e ir  lim itations, 
but, if a  m an could use a  machine and  effect a 
saving of 25 per cent, thereby, i t  was up  to  him 
to  use th a t  m achine. There was no doubt th a t  
they  could be used a g rea t deal more th a n  they  
had been u p  to  the  p resen t, in sp ite  of the  diffi
culties in  th e  foundry.

M r. W. B. Lake, dealing w ith  th e  respective 
m erits of th e  sand slinger and  th e  jo lt  ram m ing 
machine, said  he had  them  w orking side by side 
on th e  sam e job. T h a t job was a  com paratively 
sm all one, b u t his experience was th a t  th e re  was 
very li tt le  to  choose betw een th e  castings pro
duced by e ith e r machine. So long as th e  head 
of th e  sand  slinger was k ep t in  th e  proper con
d ition . he obtained as good a  ram m ing  from  th e  
sand slinger as from the  jo lt ram m er. H e used 
a steel sand, which was d ifferen t from  green sand.
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M r. E . H . Brown asked w hether i t  w as really  
a  pay ing  proposition  to  use these m achines for 
odd jobs in  sm aller work, such, fo r exam ple, as 
sm all slide re s t sections o r sim ilar sim ple p a rts , 
w eighing, perhaps, 7, 14 o r 28 lbs. apiece. W ere 
th e  advantages to  be derived from  th e  use of 
m achines on th a t  class of work w orth  th e  e x tra  
ex pend itu re  involved ?

Mr . E dgington said he did n o t th in k  i t  would 
be w orth  while to  use th e  m achines fo r one job 
in  th a t  class of work, b u t th e re  was no doub t 
th a t  when six o r a dozen were ta k e n  off i t  was 
w orth  while. I t  m ust be recognised th a t  every  
job h ad  to  be considered on i t s  m erits. I t  d id  
n o t follow th a t , because one had a  m achine, one 
m ust use i t  for every job, w hether i t  p a id  to  do 
so o r n o t; every job m ust be m ade to  s tan d  on 
its  own fee t, and i t  was up  to  th e  found ry  fore
m an to  use his common sense. I t  was a  question 
of shop m anagem ent.

Mr. Bartram proposed a very h e a rty  vote of 
thanks to  M r. E dg ing ton  for his P ap e r.

Mr . J .  E llis (P a s t B ranch -P residen t), who 
seconded, said he had  had  a good deal to  do  w ith 
m oulding machines, and  had  m e t w ith  some very 
curious experiences. H e  re fe rred  to  one case in 
which a m an was m aking  a  job, a t  2d. apiece, on 
a  hand-ram m ed tu rn -over m oulding m ach in e ; in  
th e  sam e foundry  th e  same job could be m ade on 
th e  floor fo r l j d .  each. I n  an o th e r foundry  
th e re  was a very  e labo ra te  pow er m achine, and  
m otor flywheels were being moulded. A t th e  
sam e tim e, ano ther foundry  n o t fa r  aw ay was 
m aking th e  same th in g s  a t  a  cost which w as less 
th a n  th e  cost of upkeep of th e  m oulding m achine 
used in  th e  form er foundry . H e was no t 
an tagon istic  to  th e  use of m oulding m achines, 
because he believed th a t ,  r ig h tly  applied, they  
were going to  be th e  salvation  of th e  foundry , 
b u t th e  g re a t difficulty w as to  g e t th e  m anage
m en t of a  foundry  to  ap p rec ia te  th e i r  p roper 
application . Some people in sta lled  m oulding 
machines, regardless of th e  work th ey  w ere going 
to  p u t on them , and th a t  was th e  g re a t  fallacy. 
T here were some m achines, no  doubt, w hich would 
give fa r  b e tte r  resu lts  th a n  hand1 m oulding could 
do, b u t, on th e  o th e r hand , th e re  w ere some which 
could not, and  i t  was up  to  th e  foundrym an  to
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have a  voice in the  selection of these machines. 
In  conclusion, M r. E llis expressed th e  h earty  
th an k s  of th e  m eeting  to  M r. E dgington.

The vote of th an k s was carried  w ith acclama
tion.

M a. E dgington briefly acknowledged the vote 
of thanks, and the meeting closed.
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Birmingham, Coventry and West 
Midlands Branch.

THE MANUFACTURE OF SPECIAL CAST IRON. 

B y A . Marks, M em ber.
Mb . Mabks said th e  problem  of o b ta in ing  p e r

fec t castings was one which involved th e  co-opera
tio n  n o t only of th e  m eta llu rg is t h u t of th e  
foundrym an. In  th a t  connection i t  m ust be 
rem em bered th a t  th e  definition of a p rac tic a l m an  
was rap id ly  undergo ing  a  change. I t  was like 
the old G erm an chem ist’s definition of a  chem ist, 
th a t  a  chem ist who was n o t a physicist was n o t a 
chem ist a t  all. P erhaps i t  was now being realised  
th a t  th e  m eta llu rg is t was n o t a m e ta llu rg is t who 
was n o t a  physicist. T he m eta llu rgy  of oast iron  
and  th e  s tru c tu re s  of th e  d iagram s had  been 
worked o u t largely  by physicists. A lluding to  
h igh-tensile cas t irons, M r. M arks sa id  th a t  in  th e  
case of autom obile engines th ey  d id  n o t reach  
such stresses or tem p era tu res  th a t  an y th in g  very 
special was requ ired . H e  had  ru n  air-cooled 
engines a t  red  h ea t, though  one d id  n o t do i t  as 
a  regu la r th in g . D iesel engines frequen tly  
a tta in e d  red  h ea t, so th a t  h ig li-tensile cas t iron  
was mostly considered from  th e  p o in t of view of 
th e  Diesel engine, autom obile engines n o t being  so 
im p o rtan t from th a t  aspect. They could have an 
absolutely flawless autom obile cylinder any  tim e 
they  liked provided they  w ere p rep ared  to  p ay  th e  
p rice  of it . H e  contended th a t  owing to  lack  of 
rea l technical tr a in in g  in  th e  people p u t  on in 
spection of autom obile castings, autom obile 
cylinders were scrapped which fo r p rac tica l p u r
poses were perfect. H e  h ad  m ade autom obile cas t
ings fo r every well-known car in  th e  M idland  a rea , 
both  air-cooled and  water-cooled, and  h e  was 
speaking ou t to  th e  autom obile tra d e  in  general 
when he said th a t  th e  inspection of autom obile 
castings was n o t done on a  techn ica l basis, no r was 
i t  done on a  business basis. M a te ria l which for 
p rac tica l purposes was perfect, was scrapped on 
account of technical ignorance in  th e  inspection 
departm ents.
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C ast Iron for A utom obiles.
C ast iron  for autom obile purposes did not really 

dem and an exceptional iron. W hat i t  demanded 
was an iron which could be cheaply m achined 
and  which would be sound and 'have a reason
able am ount of w ear. C ast iron which could 
be m achined a t  a reasonable speed had  a reasonable 
am oun t of w ear, b u t if h igh w earing qualities 
were requ ired  i t  could n o t be expected th a t  they 
could run  th e ir  tools a t  th e  speeds which could be 
p u t on to  common cast iron. The autom obile 
engineer got i t  in to  his head th a t  he m ust have 
specially good cast iron, qnd laid  down a  B rinell 
hardness te s t of 220. T hen he designed his au to
mobile cylinders w ith a barre l thickness of, say, 
|  in ., and his outside casing 5 /32 in. I f  he got 
232 hardness on his barrel casing, by th e  com
m ercial m ethods in use a t  the  p resen t mom ent, he 
would ge t on his w ater casings a  w hite iron which 
would very soon crum ple up . T h a t dem onstrated 
one of th e  follies of lay ing down a  hardness speci
fication in  >a job of th a t  k ind. T here were m any 
autom obile engineers w ith in  fifty miles of B ir
m ingham  who were insisting  upon a  hardness te s t 
in th e  case of autom obile cylinders, and blam ing 
th e  foundrym an if th e  te s t was no t m et, and 
scrapping  them , and who y e t had  n o t th e  most 
e lem entary  knowledge of th e  re la tion  between 
B rinell hardness and  w ear. F o r  p rac tica l purposes 
th e re  was very li t t le  connection between B rinell 
hardness and  wear. There was no th ing  more p a in 
ful to  him  th an  to see an autom obile casting  sent 
round to  th e  various foundries w ith  a chemical 
specification on it.

Fords Cylinder Specification.
The only specification for autom obile castings he 

had  seen which was w orth th e  paper on which it 
was w ritten  was one which em anated  from  Fords 
for autom obile cylinders. In  th a t  case the  m an who 
w rote i t  ev iden tly  had some idea of w hat was 
requ ired  in th e  composition of cast iron. C ertain  
schools of engineering  held th e  view th a t  combined 
carbon was a  m easure of w earing qualities, and 
they  would specify a  m inim um  combined carbon. 
I t  m igh t be 0.6 p er cent. The combined carbon 
m igh t be 1.2 in  th e  jacke t, b u t as low as 0.6 per 
oent. in th e  barrel, because th e  ra te  of cooling for
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th e  b arre l was to ta lly  d ifferen t from  th e  outside 
ja c k e t wall. I t  was possible to  have  combined 
carbon 0.4 or 0.3 p er cent, and  s till have w earing  
qualities as good in  th e  iron  as w ith  th e  combined 
carbon a t  0.8 o r 0.9. A fte r specify ing a  c e rta in  
hardness figure fo r th e  cas t iron , th e  autom obile 
engineer would p u t h is  p is ton  in to  th e  cylinder 
w ith  a se t of p iston  rings—som etimes tw o, some
tim es th ree— and he would p u t  on those p is ton  
r in g 9 a  definite pressure. H e th e n  argued  th a t  so 
long as he had  a c e rta in  p ressure on th e  Tings, 
p rovided th e  pressure p er square inch was n o t 
above a certa in  am ount, h is  autom obile would 
be all rig h t. I t  would be all r ig h t from  th e  
p o in t of view of th e  escape of gas. B u t a t  
th e  ends th e  rings were narrow , and  so long as 
th ey  were free to  oscillate sligh tly  th ey  would ac t 
as scrapers on th e  cylinder wall, so th a t  th e  design 
of th e  r in g  on th e  p is ton  was of fa r  m ore 
im portance to  th e  w ear of th e  iro n  th a n  th e  ques
tio n  of th e  com position. In  th e  case of Diesel 
engines th ey  were w orking a t  h igher tem p era tu res  
and stresses, so th a t  th e  tensile  s tren g th  and 
resistance to  h e a t w ere of th e  first im portance. 
I t  h ad  been found th a t  s tre n g th  a t  h igh  tem pera
tu re s  was chiefly a  question of keeping down two 
factors, nam ely, th e  g rap h ite  an d  th e  silicon. 
O rd inary  3 per cen t, o r 2 p er cen t, silicon iron  
would, if heated  continually , decompose and give 
w hat was term ed  grow th—th a t  was assum ing th e  
tem pera tu res  were fa ir ly  h igh . G rowth had  been 
known in  a super-heated  steam -engine casting  
where th e  silicon was as low as 2.0 per cen t., b u t 
th e  m ovem ent was in  th e  r ig h t d irection  when 
they  reduced th e  silicon. I t  was n o t usually  a 
comm ercial proposition  to  p u t in to  an  autom obile 
engine an iron  w ith  m uch less th a n  1.6 p er cent, 
of silicon, and a  comm oner figure was of th e  o rder 
of 2.0 p er cent. T h a t iron , i f  hea ted , would 
decompose, b u t th e  reduction  of s tre n g th  w as n o t 
very im p o rtan t, because m ost of th e  engines were 
sufficiently well w ater-cooled to  keep th e  tem p era 
tu r e  well below any th in g  serious. In  D iesel engines 
i t  was n o t possible to  keep th e  tem p era tu res  
down. One of th e  chief fau lts  of th e  D iesel eng ine 
was th a t  i t  was cooled w ith  sea w ater, and  th e re 
fore very  soon a f te r  i t  le f t th e  b u ild e r’s hands i t
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began t-o s i lt  up . H e had  frequently  seen deposits 
tak en  from  th e  cylinder head which were 8 in. 
th ick . W here th e  iron  was u n d ern ea th  such a 
deposit as th a t  and was subjected to  th e  tem pera
tu r e  of a Diesel eng ine i t  was n o t likely th a t  th e  
iron  was going to  be affected by th e  cool w ater. 
The engines were ru n  a t  a  w arm  tem p era tu re  
because th e  knock sounded a li t t le  m ore gentle. 
N o engineer would th in k  of ru n n in g  a steam  boiler 
w ith  h is fu rnaces caked w ith  a  q u a rte r  o r ha lf 
an  inch of scale. Therefore th e  design of the 
eng ine should be a ltered  o r th e  cooling should be 
effected by m eans of p u re r w ater th a n  sea w ater. 
No foundrym an or m eta llu rg ist could produce 
iron  which would s tan d  up to  conditions of th a t  
k ind , a lthough they  tr ie d  to , and  got blam ed for 
fa ilu re . The engineer ough t to  come to  th e ir  
rescue by m aking  conditions impossible in  his 
engine which necessita ted special iron. In stead , 
th e  engineer judged  cas t iro n  on those conditions, 
and  in  some cases he resorted to  steel. H e had 
know n w here Diesel engines of ce rta in  types had  
been b u ilt w ith  a steel cylinder head and cylinder, 
w ith  th e  re su lt th a t  th e  foundrym an had  had  to  
m ake five o r six of th e  heads before he obtained 
a sound one, on account of th e  difficulty of casting  
in  steel.

E stablishing Suitable C om positions.

I n  try in g  to  m eet th e  conditions p u t up to  
them  by th e  eng ineer th ey  first o f all had  to  
get th e ir  silicon su itab le . C ast iron  contained six 
elem ents—rela tive ly  a  sm all am ount of iron, com
bined carbon o r g rap h itic  carbon, silicon, su lphur, 
phosphorus and  m anganese. The p a r t  of th e  
d iag ram  w ith  which they  were concerned ra n  from  
about 1.7 per cent, of carbon—th e  border line of 
th e  steels—up to  th e  m axim um  solubility  of 
carbon, abou t 4.6. An iron  co n ta in ing  a per
cen tage  of, say, 1.7 gave a  s tru c tu re  when i t  was 
cold show ing th re e  m ain  th ings—graph ite , eemen- 
t i t e  and  p earlite . T h a t took no account of th e  
silicon, su lphur, phosphorus and  m anganese, and  
no  d iag ram  was possible. A g re a t deal of work in  
connection w ith  cast iron was based upon con
siderations n o t o f th e  whole of th e  elements, b u t 
upon considerations of th e  influence of each 
elem ent, and  th en  th e  app lication  of experience
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to  th e  se ttlin g  of th e  exac t com position to  use. 
M anganese was one of th e  m ost useful agents for 
g iv ing toughness and w earing  qualities. The 
absence of phosphorus con tribu ted  to  s t r e n g th ; 
they  th ere fo re  b rough t th a t  down to  a m inim um . 
On th e  o ther hand , by b ring ing  i t  down to  a m in i
mum  th e  foundrym an m et w ith  difficulties. T here
fore, th ey  endeavoured to  ru n  i t  a t  abou t 0.3 per 
cen t. The su lphur was a function  of cupola p rac 
tice and  of the  iron. The iron as delivered to  them  
ra re ly  contained any percen tage of su lphur th a t  
i t  was necessary to  w orry a b o u t; th ey  added to  
i t  in  th e  cupola. The silicon was a fac to r they  
controlled, and should be about 1 per cen t. Diesel 
castings, according to  thickness, could be ru n  a t  
from  0.5 of silicon o r even less, up to  1.4 or 1.5. 
F o r Diesel cylinder-heads they  ra n  th e  silicon 
round  abou t 1 per cent., and w hat he m ig h t te rm  
Diesel iron frequently  con tained  abou t th a t  p er
centage of silicon. They controlled th e  combined 
carbon and  g rap h ite  b y 1 m an u fac tu r in g  th e  iron 
in an open-hearth  fu rnace  o r cupola w ith  su itab le  
varia tio n s in  th e  am ount of coke and th e  am oun t 
of steel added to  th e  iron. The am ount of g rap h ite  
p resen t was th e  chief fac to r in  s tren g th , and  
consequently th e  am ount of silicon, because th e  
silicon decomposed th e  cem entite when th e  tem 
p e ra tu re  began to  get up . I n  moulds of a com
plex cha rac te r th ey  h ad  to  use chills to  overcome 
th e  troubles know n as shrinks and  draw s. Shrinks 
were usually  due to  gas, and w hils t chills were 
useful even in  rem oving th e  gas th ey  were only 
a n  in d irec t m eans of producing  th e  re su lt 
required . A mould which would be perfectly  sa tis 
factory  when i t  d id  n o t con tain  a chill a t  a ll would 
be useless in  a mould co n ta in in g  chills. As they  
approached a steel ch arac te r in  o rd e r to  ge t up 
th e  s tren g th  th ey  had  a m a te ria l which would 
chill more rap id ly . F u rth e r , as th ey  reduced th e  
g rap h ite  the  iron  became m ore sluggish. They 
balanced th a t  by p u ttin g  up th e  phosphorus 
slightly . I f  th e re  was a h igh phosphorus-content, 
however, they  ob tained  a m etal which was b rittle . 
A bout 0.3 p er cen t, of phosphorus would give them  
a sa tisfac to ry  composition. W here th e  mass of 
th e  m etal was relatively  large to  th e  mass of th e  
mould as i t  was when they  were casting  a la rge  
stan d a rd  Diesel eng ine casting , th e  m ould had  no
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chilling effect, and they  got a pearlitic  iron w ithout 
any  special precautions.

Before showing a num ber of lan te rn  slides, Mr. 
M arks gave th e  composition of two strong  irons 
as fo llow s:— (1) Combined carbon, 0.72; to ta l 
carbon, 2 .6 ; silicon, 1.5; su lphur, 0.08; and m an
ganese, 0.63 per cent. (2) Combined carbon, 0.64; 
to ta l carbon, 2.74; silicon, 1.1; su lphur, 0.07; and 
m anganese, 1.1 per cent.

DISCUSSION.
R eferring  to  the  inspection of autom obile 

cylinders, th e  C h a i r m a n  said i t  broke one’s h ea rt 
to  see perfectly  usable castings th row n ou t be
cause perhaps on the foot th e re  was a litt le  sand- 
hole. The re la tion  between hardness and wear 
was a very much debated sub ject upon which 
th e re  .seemed to> be no agreem ent w hatever. There 
was also a  v a ria tion  of opinion w ith reference 
to  m achining speeds. H e  regarded  the  P aper as 
qu ite  one of the  most in te resting  th a t  they  had 
heard .

In  proposing a vote of thanks to  Mr. M arks, 
M r . A. H a r l e y  alluded t o  th e  re la tion  of h a rd 
ness and  w ear, rem ark ing  th a t  i t  was not only a 
m a tte r  as to  which th e re  was a g re a t deal of 
difference of opinion, b u t a g re a t deal of 
ignorance. H e  wondered if M r. M arks had noted 
w hether o rd inary  20 per cent, semi-steel was more 
subject to  w ear th a n  "Ordinary close-grained 
cylinder iron. M achine speed was a very im 
p o rta n t fac to r in  autom obile work. The engineer 
w anted to. m achine his castings a t  good m achining 
speed, an d  they  had  to  compromise to  some ex ten t 
in th a t  m atte r . H e sym pathised w ith th e  rem arks 
th a t  had  been made on th e  subject of th e  scrapping 
of good cylinders.

M r . D. W i l k i n s o n  said there  was no question
ing  th e  fac t th a t  very serious losses occurred to  
th e  com m unity a t  la rge  th rough  th e  super
inspection of autom obile cylinders. H e thought 
th e  average inspector ought to  rid  his m ind of 
th e  idea th a t  i t  was h is du ty  to  throw  m ateria l 
away. A t th e  same tim e, i t  was possible th a t  
the existing  super-inspection had  had  the effect 
of m aking th e  foundrvm an much m ore capable

N
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and careful. As regarded  Diesel engine castings, 
th e  only experience he had  had  was in th e  m aking 
of steel heads, and he could n o t agree w ith  M r. 
M arks’ views reg a rd in g  those of steel heads. 
A bout a couple of years before th e  w ar the  
foundry  w ith which he  was th en  connected received 
a blue p r in t  from  a  firm in a neighbouring  town 
which used a  Diesel engine. They explained th a t  
they  had  had con tinual troub le  w ith  th e  cylinder 
head, and w anted to  know if  a  steel one could 
be m ade. H is firm undertook th e  task , and  m ade 
four. They w ere about 8 cwts. e a c h ; all th e  four 
were good, and they  answered very successfully. 
They certa in ly  h ad  a  fa ir  num ber of chills in  
them , b u t th e  w ay th ey  overcam e th e  troub le 
which they  an tic ip a ted , which was th a t  definite 
cracks would develop in  th e  th in  d iv id ing  sections, 
was by h ea tin g  th e  m ould to  th e  h ighest possible 
tem pera tu re . Then, du rin g  th e  w ar, a t  ano ther 
steel foundry , they  did qu ite  a num ber of heads, 
b u t fo r a  sm aller ty p e  of oil engine, w eighing 
about 3 cwts. They m ade eighteen or tw en ty , and 
o u t of th e  lo t only one was defective, and  they  
were said  to  function  in  a  perfectly  sa tisfac to ry  
m anner. H e  had  on m ore th a n  one occasion 
expressed th e  opinion th a t  if some of th e  more 
in tr ic a te  an d  difficult D iesel eng ine castings 
w here th e  p a rts  were n o t subject to  w ear w ere 
m ade in steel, th e  Diesel eng ine m igh t be m ore 
reliable th an  i t  was to-day. The tendency in 
D iesel-engine-castings, w ith  th e  low carbon they  
had , was to  approach a  steel charac te r. P e r 
sonally, he had  never been able to  g e t down to  
2.8 p er cent, carbon in  any cupola-m ade m etal. 
H e  would like to  know w hether th e  figure quoted 
by M r. M arks was a  labora to ry  figure o r  an actual 
p rac tica l figure.

T he vote of thanks was h ea rtily  accorded.
R eplying to  some of th e  points ra ised  in th e  

discussion, M r . M a r k s  said th e re  was a  sam ple of 
pig-iron on th e  tab le  which h ad  been produced in  
th e  b las t furnace. M r. W ilkinson could have a 
sam ple and  analyse it , and  so sa tisfy  him self 
th a t  even in th e  b las t fu rnace  i t  was possible to 
produce as low to ta l carbon as 2.8.

On the  proposition of M r. D. H . Wood, 
seconded by M r. S ta r r , th e  C hairm an was w arm ly 
thanked  for presiding.
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Sheffield Branch.

THE INFLUENCE OF SPECIAL ELEMENTS ON 
GREY CAST IRON. 

B y J. W. Donaldson, B .S c . (Associate M ember).
The effect of th e  add ition  of special elem ents to 

grey cast iron has received a  fa ir  am ount of a tte n 
tio n  d u rin g  recen t years. This has been due to  
tw o causes. F irs t, th e  a tten tio n  of foundrym en 
has been directed  to  th is  question by th e  ex ten 
sive use of alloy steels on account of th e ir  special 
properties. Second, th e  ironfounder, in  common 
w ith  o ther m anufactu rers, has been called upon 
to  produce castings of com plicated design to  m eet 
th e  dem ands of m odern engineering  practice. In  
th is  P ap e r an a ttem p t is m ade to  sum m arise and 
review th e  work th a t  has been done and to  arrive 
a t  some conclusion.

The norm al constituen ts of cast iron are  carbon, 
silicon, su lphur, phosphorus and manganese. Most 
comm ercial irons con tain  traces of o ther elements 
such as nickel, chrom ium , copper, arsenic and 
tita n iu m , b u t th e  am ount p resen t is usually  so 
sm all th a t  th e  irons canno t be regarded as alloy 
cast irons. There is sold, however, a commercial 
pig-iron known as M ayari p ig-iron, which contains 
about 2 per cent, of chrom ium  and 1 per cent, of 
nickel.

The investigations which have been made on the  
influence of special elem ents on  cast iron  have 
usually been confined to  th e  influence of small 
am ounts of these elem ents. This is no doubt due 
to  th e  h igh  cost of th e  special elem ents, together 
w ith  th e  difficulties experienced in  m elting  and 
casting  irons con ta in ing  high percentages of those 
elem ents. The elem ents which have been investi
gated  and which a re  now considered are  m an
ganese, chrom ium , nickel, chrome-nickel, tungsten , 
m olybdenum, vanadium , copper, tin , alum inium  
and titan iu m .

Manganese.
The influence of m anganese on grey cast iron 

has been investigated  by Coe, Keep, W est, H am a- 
sum i, and th e  au thor. As regards th e  effect of

n 2
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m anganese on th e  s tren g th  of cast iron, K eep con
cludes th a t  i t  has li t t le  influence, while th e  o ther 
investigators show th a t  both th e  s tren g th  and 
hardness increase w ith  increasing percentages of 
m anganese. As th e  am ount of combined carbon 
rem ains p rac tica lly  th e  sam e, i t  has been sug
gested th a t  th e  increase in  tensile  s tren g th  of high 
m anganese iron is due to  a m a tr ix  change, nam ely, 
p ea rlite  changing  to  sorbite. The sh rinkage 
increases w ith  increasing  m anganese con ten t, and 
irons con ta in ing  over 3 per cent, of m anganese a re  
difficult to  m achine unless th e  silicon is over 2 per 
cent. The casting  properties of those irons, such 
as flu id ity  and freedom from  gases, are good, and 
sound castings are  obtained .

C hrom ium .

The earliest work on th e  influence of chrom ium  
on cast iron  is th a t  of K eep, who experim ented  on 
grey cast iron  w ith  chrom ium  add itions up to  
2 per cent. H is resu lts  show a sligh t increase in 
stren g th  up to  1 per cen t., th en  a decrease. The 
sh rinkage was increased when less th a n  1 per cent, 
was added. Cam pion, in  a la te r  investigation , 
found th a t  1 per cent, of chrom ium  increased th e  
s tren g th  and hardness and  also th e  proportion  of 
combined carbon. H u rs t  s ta tes  t h a t  in  a cast 
iron  con ta in ing  1 per cent, of silicon an add ition  
of 0.9 per cent, chrom ium  rendered  th e  fra c tu re  
qu ite  m ottled , and 4 per cent, chrom ium  added 
to an iron con ta in ing  1.5 per cent, silicon rendered  
th e  fra c tu re  perfectly  w h ite ; and th a t  d ras tic  
annealing  a t  900 deg. to  950 deg. C. fa iled  to  p ro
duce g raph ite . H e also sta te s  th a t  increasing  th e  
silicon con ten t tends rap id ly  to  reduce th e  stab ility  
of th e  carbide. A cast iron co n ta in ing  3.15 per 
cent, silicon and  6.94 per cent, chrom ium  gave a 
B rinell hardness of 460 on a sand-cast b ar, and  a 
chill-cast b ar could only be filed w ith  difficulty. 
The sam e alloy con ta in ing  1.46 per cent, silicon 
was glass-hard and w hite. The system atic investi
gations of Smalley w ith  chrom ium  add itions to  
o rd inary  grey cast iron and cylinder iron showed 
th a t  w ith both irons small add itions of chrom ium  
0.11 and 0.15 per cent, increased the  s tren g th  and 
hardness slightly , while w ith th e  la rg er add ition  
of 0.78 p er cent, to  th e  o rd in ary  iron  th e  tensile
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stren g th  fell. The transverse  stren g th  is little  
affected, and th e  B rinell hardness increased. A 
sim ilar add ition  of chrom ium  to  the  cylinder-iron 
produced an increased transverse s tren g th  and 
B rinell hardness, b u t li tt le  change in  the  tensile 
s tren g th . P iw ow arsky’s experim ents show th a t  
w ith up to  0.5 per cent, of chrom ium  th e  stren g th  
and  shock-resisting properties of cast iron are 
increased to  th e  e x te n t of about 10 per cen t., while 
th e  hardness' increases from  20 to  25 per cent. 
The au th o r’s investigations carried  o u t on a good 
cylinder iron w ith  chrom ium  additions of 0.19 per 
cent, and 0.39 per cent, show an increase of 5 per 
cent, and  10 per cent, in  th e  s tren g th  and  5 per 
cent, an d  11 per cent, in  th e  B rinell hardness 
respectively. R ecent experim ents of H am asum i 
show th a t  chrom ium  streng thens cast iron from
16.5 to 22.8 tons p er sq. in . in  an  alloy contain ing  
0.4 per cent, of i t  w ithou t m ateria lly  a lte rin g  the 
stru c tu re .

Sum m ing up th e  results of those investigations, 
i t  appears to  be definitely established th a t  0.5 per 
cent, of chrom ium  in  th e  presence of 1 to  2 per 
cent, of silicon increases the  tensile  and transverse 
s treng th s and  th e  hardness of grey cast iron. This 
increase in s tren g th  is brought about by the 
chrom ium  preven ting  th e  form ation of g raph ite  
and producing a m ore stab le  double carbide of 
iron and chrom ium , which crystallises o u t w ith 
the pearlite .

Nickel.
E xperim ents on th e  influence of nickel on grey 

cast iron have been num erous. Keep added 
m etallic nickel up to  0.75 per cent, to  a grey 
m achinery iron, and  cam e to  th e  conclusion th a t  
no advan tage  could be expected from  small addi
tions of th is  elem ent. G uillet found th a t  nickel 
caused p rec ip ita tion  of g raph ite , pearlite  dis
appeared as th e  nickel increased, and cem entite 
became m ore o r less acicular in form. T haler 
s ta ted  th a t  th e  add ition  of 1 per cent, of nickel 
caused th e  separa tion  of 50 per cent, of the  
g raph ite , and  w ith  fu r th e r  additions up to  48 per 
cent, nickel, g rap h ite  gradually  increased u n til 
85 p er cen t, of th e  to ta l carbon existed as such. 
H atfield also expressed th e  opinion th a t  th e  p re
c ip ita tion  of g rap h ite  is fac ilita ted  by nickel, and
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by doing so nickel acts as a softener, b u t is useful 
in no o ther d irection . Cam pion found by add ing  
I per cent, of nickel to  grey cas t iron  th e  g rap h ite  
was increased from  2.54 to  2.77 per cen t., also 
th a t th e re  was an increase in  s tre n g th  b u t a 
decrease in  hardness. Sm alley’s g rain -refin ing  
experim ents show th a t  0.5 per cen t, of nickel have 
a  densening effect on th e  s tru c tu re  of grey cast 
iron. Such a q u an tity , however, does n o t affect 
the  hardness. The experim ents of Piw ow arsky 
confirm th e  influence of nickel in  producing  
g rap h itisa tio n . They also show th a t  a m oderate  
nickel co n ten t o f 0.5 to  1 per cen t, im proves th e  
m echanical p roperties of grey  cast iron  by 20 to  
30 per cent. W ith  a h igher con ten t up to  2 per 
cen t., owing to  too favourab le  g rap h itisa tio n , a 
fa lling  off takes place. This im provem ent of th e  
p roperties by nickel is a ttr ib u te d  to  m ixed crystal 
form ation . The a u th o r’s own experim en t of add ing  
0.75 per cent, of nickel to  a cylinder iron  produced 
no increase in  e ith e r s tren g th  o r hardness. Gene
rally  speaking, th e  influence of nickel on grey cast 
iron is to  produce no m a te ria l advan tage .

An investiga tion  on th e  com bined effect of 
chrom ium  and  nickel by Piw ow arsky showed th a t  
c e rta in  re la tiv e  proportions of these elem ents 
increased th e  tensile  and tran sverse  streng th s , as 
well as th e  hardness and compressive s treng th , 
w ithou t d im inishing th e  resistance to  shock and  
deflection. I t  w as also shown th a t  in  th e  presence 
of chrom ium , nickel has no th ing  like such a power
ful effect in  p rec ip ita tin g  g rap h ite  as when presen t 
alone. The a u th o r’s experim ents w ith  tw o ehrome- 
nickel irons ind ica ted  th a t  add ing  chrom ium  and 
nickel in  th e  p roportion  of 2 to  1 allows o f th e  
use o f a  h igher percen tage of chrom ium , a lthough  
the  benefits derived from  th e  increased chrom ium  
were m ore th a n  dim inished by th e  accom panying 
nickel.

Tungsten.
The influence of tu n g s ten  on cast iron  was first 

investigated  by Cam pion, who found th a t  1 per 
cent, of tu n g s ten  increased th e  s tre n g th  b u t 
reduced th e  hardness. H e  also s ta te d  th a t  1.5 per 
cen t, of tu n g s ten  added to  a grey iron  con ta in ing  
combined carbon 0.65 per cen t., g rap h itic  carbon 
2.70 per cen t., m anganese 0.5 per cen t., raised  th e
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tensile  s tre n g th  from  11.8 to  17.9 ten s per sq. in ., 
and in  ano ther case th e  resu lt was 20.8 tons per 
sq. in . w ith  1.28 p e r  cent, tu n g sten  aga in s t 13.4 
tons in  th e  o rd inary  iron . I n  Smalley’s g rain- 
refining tests, where from  0.1 to  1 per cent, of 
tu n g sten  was added, only a slig h t im provem ent 
was obtained  on o rd inary  iron. Piw ow arsky’s ex
perim ents ind ica ted  th a t  0.5 per cent, of tu n g sten  
favourably  influenced th e  m echanical properties 
of cast iron. In  addition  to  increasing th e  te n 
sile, transverse and  compressive streng ths, th ere  
is also an  increase in  th e  shock-resisting proper
ties. The effect of tu n g s ten  on th e  carbon is to  
prom ote feeble g raph itisa tion , th e  im provem ent in  
th e  m echanical p roperties being a ttr ib u te d  to  the  
form ation  of m ixed crystals of iron  and  tungsten , 
g iv ing  rise  to  a new s tru c tu ra l constituen t of 
tu n g s ten -fe rrite . The add ition  of 0.2 per cent, of 
vanadium , in  add ition  to  th e  tungsten , produced 
no m a te ria l effects. A dding 0.475 per cent, 
tu n g s ten  to  a  cylinder iron , th e  au tho r raised th e  
tensile  s tren g th  from  16.6 to  17.6 tons per sq. in.

M olybdenum.
The addition  of molybdenum to  cast iron was 

first investigated  by Campion who found th a t  1 per 
cent, of molybdenum increased th e  s tren g th  and 
reduced th e  hardness. Sm alley’s prelim inary  ex
perim ents showed th a t  0.1 per cent, of molyb
denum  closed th e  g ra in  of grey east iron  w ithout 
appreciab ly  affecting th e  hardness, and  led to  
fu r th e r  experim ents. The add ition  of 0.15 per 
cen t, of molybdenum to  a n  o rd inary  grey iron con
ta in in g  2.0 p er cent, silicon, reduced th e  tensile 
and  compressive streng ths and th e  chilling power, 
exerted  li tt le  effect on th e  B rinell hardness, and 
increased slightly  th e  transverse s tren g th  and 
deflection. Increasing  th e  q u an tity  to  0.25 p er 
cen t, slightly  reduced th e  chilling power, in 
creased th e  transverse  s tren g th  and deflec
tion , b u t d id  n o t affect th e  o ther properties. 
In  th e  presence of 0.5 p e r cen t, of molybdenum, 
a p a r t  from  th e  chilling power which is slightly 
reduced, all th e  o ther p roperties a re  improved, 
especially th e  compressive and  transverse 
s treng ths. The effect of small quan tities of molyb
denum was more m arked in  cylinder iron con tain
ing 1.25 per oent. silicon, 0.12 per cent, im proving
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th e  m echanical p roperties, b u t reducing the  chill
ing  power. The add ition  of 0.24 p er cen t, molyb
denum  fu r th e r  im proved the  tensile s tre n g th  w ith 
o u t affecting th e  hardness, compressive and  tr a n s 
verse s treng th s . In  all th e  irons n e ith e r th e  
flu id ity  nb r to ta l shrinkage was affected by th e  
molybdenum additions. F u r th e r  te s ts  were car
ried  o u t adding  1.5 per cent, of m olybdenum  to  a 
special cy linder iron when th e  tensile, com pres
sive and transverse  s tren g th s were increased by 
25, 22 and 9 per cent, respectively. On common 
grey  iron 1.5 per cent, of molybdenum exerted  a 
sim ilar all-round im provem ent although to  a  lesser 
ex ten t. As regards th e  carbon, th e  tendency  of 
molybdenum is to  reduce ra th e r  th a n  increase th e  
am ount of carbide. M achining p ropertie s are  
affected by over 0.5 p er cen t, m olybdenum, th e  
iron  becoming exceedingly difficult to  cu t. Piwo- 
w arsky’s te s ts  show th a t  m olybdenum  produces 
p rac tica lly  th e  same effect on grey  cas t iron  as 
does tu n g s ten  on a sim ilar iron  and  confirms those 
of Smalley w ith  up to  0.5 per cent, molybdenum. 
A fu r th e r  increase to  1.0 per cent, molybdenum, 
however, produces no fu r th e r  increase. The addi
tio n  of 0.2 per cent, vanadium  as well as molyb
denum  does n o t produce any b e tte r  results.

Vanadium.
I t  has been shown th a t  vanad ium  in  small quan

t i ty  in  conjunction  w ith  tu n g s ten  or m olybdenum  
does no t produce any m ate ria l benefits in  grey cast 
iron. Investiga tions carried  o u t on th e  influence 
of vanad ium  alone have been extensive, b u t con
tra d ic to ry  resu lts have been obtained . M oldenke’s 
experim ents w ith  vanadium  add itions up  to  0.36 
per cent, give inconclusive resu lts . K e n t S m ith  
showed th a t  w ith  0.15 per cen t, of vanad ium  th e re  
was a n  im provem ent in  the  tensile , tran sv e rse  and 
compressive streng th s . H e sta te s  th a t  th e  p r in 
cipal action of vanadium  is as a  scavenging ag en t 
for rem oving oxygen and n itrogen . N orris agrees, 
generally, w ith K en t S m ith ’s conclusions, and 
sta te s  th a t  vanadium  exerts a strong  influence in 
refining th e  g ra in , e lim ina ting  porosity , and p ro 
m oting soundness, increased s tren g th , resistance 
to  w ear and rig id ity . H atfie ld ’s experim en ts on 
th e  h ea t tre a tm e n t of w hite  cast iron  co n ta in ing  
vanadium , show th a t  vanadium  ten d s to  m a in ta in
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th e  carbon in th e  combined condition, and to  pre
v en t th e  p rec ip ita tio n  of g raph ite . Campion 
found th a t  0.15 per cent, and 0.25 p er cen t, of 
vanadium  increased th e  stren g th  b u t dim inished 
th e  hardness of cast iron. Sm alley’s experim ents 
w ith  0.1 p er cent, vanadium  additions do n o t con
firm th e  harden ing  effect of th is  elem ent. U nlike 
th e  previous investigato r, P iw ow arsky shows th a t  
th is  elem ent produces th e  form ation of carbide. 
The effect of vanadium  appears only w ith  additions 
over 0.5 p e r cen t., and  then  very suddenly, and is 
m ost m arked in  th e  lower silicon irons. The tra n s 
verse and compressive streng th s increase, also the  
hardness which is increased to  such an ex ten t th a t  
th e  irons can no longer be regarded as commercial 
irons. The au th o r’s own experim ent w ith  0.125 per 
cent, of vanad ium  produced a sligh t increase in 
tensile  and transverse  streng ths and also in h a rd 
ness.

Copper.
In v estig a tin g  the  influence of copper on cast 

iron, L upin  concluded th a t  while th e  addition  of 
th e  elem ent was not beneficial, its  presence had 
no d e trim en ta l effect. There was a slight g raph iti- 
sa tion  effect on th e  carbon and th e  tensile  s treng th  
increased from  19 to  22 tons per sq. in. w ith 4.9 
per cent, of copper. Smalley found th a t  th e  addi
tion  of 0.5 per cent, of copper tended slightly  to  
increase the  hardness although th e re  was a slight 
decrease in  th e  combined carbon. H am asum i found 
th a t  w ith  copper additions up to 4.0 per cent, th ere  
was a  steady increase in th e  tensile stren g th  and 
B rinell hardness, and th e  alloys appeared to  be 
tough. As regards th e  effect on the  carbide e r ra 
tic  resu lts were obtained.

Tin.
G uillet investigated  th e  influence of tin  on grey 

cast iron, and found th is elem ent to  considerably 
increase the  hardness, and th a t  th e  hardness was 
m ain tained  a t high tem pera tu res. H am asum i’s 
tes ts  w ith up  to  6 p er cent, of t in  show th a t  up 
to 2 per cent, i t  increases th e  s tren g th  and ha rd 
ness slightly, b u t w ith over 2 per cent, th e  irons 
become h a rd  and b rittle .

Alum inium .
Investigations by M elland and W aldron show 

th a t th e  influence of alum inium  up to  0,5 per cent.
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on cast iron is sim ilar to  th a t  of silicon. The to ta l 
carbon is reduced, and th e  g rap h ite  p rec ip ita ted . 
A ddition of alum inium  over 0.5 per cent, produced 
a  reversion, th e  carbide becoming m ore stable, 
and i t  was suggested th a t  th is  was due to  th e  fo r
m ation of a double carbide of iron  and  alum inium . 
R ecent tes ts by Piw ow arsky do n o t confirm th is, 
additions of alum inium  up to  0.8 p e r cen t, p ro 
ducing g rap h itisa tio n . In  th e  presence of low 
silicon th ere  is an increase in  th e  tran sverse  
s tren g th  and  shock-resisting p roperties, b u t a  con
siderable decrease in th e  hardness and  compressive 
s tren g th .

Titanium .
E arly  investigations by M oldenke show th a t  a 

small add ition  0.05 p er cent, of th is  e lem ent in 
creases th e  tran sverse  s tre n g th  b u t th a t  la rg e r 
add itions produce no fu r th e r  advan tage . Piwo- 
w arsky’s recen t experim ents confirm th is , 0.1 p er 
cent, of ti ta n iu m  producing m axim um  g rap h itisa 
tion.

Heat Treatm ent of A lloy Cast Irons.
To ascertain  how alloy cast iron  would behave 

when subjected to  tem p era tu res  such as would be 
experienced in  in te rn a l com bustion engines, a 
series of hea t tre a tm e n t experim ents were carried  
o u t by th e  au tho r. The irons te s ted  w ere a  p lain  
cylinder iron  and irons of sim ilar composition con
ta in in g  m anganese, chrom ium , nickel, vanadium , 
tu n g sten  and chrom e-nickel. These alloy irons were 
selected, as th e  elem ents contained in  them  had 
produced th e  m ost sa tisfac to ry  resu lts on grey  cast 
iron in  its  cast condition. I t  has since been re 
g re tted  th a t  a molybdenum iron was n o t included 
in  th e  series.

The h ea t- tre a tm en t experim ents w ere carried  
o u t under th re e  sections : —-(1) P rolonged h ea tin g  
tes ts  fo r 200 hours a t  450 deg. 0 . and  550 deg. C. 
respectively; (2) elevated tem p e ra tu re  te s ts  as cast 
and a fte r  the  above prolonged h ea t tre a tm e n t;  
(3) grow th tests.

The resu lts  ob tained  from  the  first series of 
tes ts ind icated  th a t  in all th e  irons low -tem pera- 
tu r e  h ea t- tre a tm e n t decomposed th e  carbide w ith 
a  corresponding decrease in  th e  s tre n g th  and 
hardness of th e  m ateria l. The increasing  of th e  
m anganese from  0.97 to  2.43 p e r c e n t., or th e



363

addition  of 0.392 per cent, of chrom ium or 
0.475 per cent, of tungsten  had a stabilising 
effect on th e  carb ide; whereas a n  addition  of 
0.746 per cent, of nickel o r 0.124 p e r cent, of 
vanadium  accelerated g raph itisa tion . The chro
m ium produced the  m ost sa tisfac to ry  resu lt, th e  
m anganese and tu n gsten , while increasing the 
s tab ility  of the  carb ide over th a t  of th e  p lain  iron, 
d id  no t produce th e  sam e stab ility  as th e  sm aller 
am oun t of chromium. In  th e  iron contain ing  
both chrom ium  and nickel, chrom ium exerted  the 
p redom inating  influence, th e  nickel, however, 
allowing of the  in troduction  of a  larger percent
age of chrom ium .

The second series of te s ts  carried  o u t on the  
p lain , th e  chrom ium , th e  tungsten , and the 
clrrome-nickel irons indicated  th a t  if e ither of 

i those irons is subjected to  prolonged hea t t r e a t 
m ent a t  tem pera tu res ran g in g  from  450 deg. C. 
to  550 deg. C. th e  elevated  tem p era tu re  tes ts  
ob ta ined  in  th e ir  cast condition  cannot be taken  
as rep resen ta tive . In  th e  cast condition the 
tendency is for th e  s tren g th  of iron to  dim inish 
slightly  as th e  tem p era tu re  rises and then  to 
increase again  w ith a  fu r th e r  rise in  tem pera tu re , 
a tta in in g  a  m axim um  in  th e  neighbourhood of 
400 deg. C., a fte r  which the  stren g th  rapidly 
dim inished w ith increasing tem pera tu re . A fter 
prolonged h e a t tre a tm e n t th ere  is a d im inution in 
stren g th  which falls off uniform ly and regularly . 
This decrease in stren g th  is fa irly  large, showing 
in  th e  case of th e  p lain  iron , when tes ted  a t 
400 deg. 0 ., decreases of 21 and  27 per cent, 
a f te r  h ea t tre a tm e n t a t  450 deg. C. and 550 deg. C. 
respectively, and  in  th e  case of th e  chrom ium  iron 
decreases of 4 per cen t, and 15 per cent, a fte r 
sim ilar tre a tm e n t and when te s ted  a t  th e  same 
tem pera tu re . The relative increases in tensile 
stren g th  for th e  chrom ium , tu n g sten  and  chreme- 
nickel irons, over th e  o rd inary  cylinder iron, when 
tes ted  a t  400 deg. C. a f te r  prolonged h e a t tr e a t
m en t a t  450 deg. C ., a re  32, 13 and 17 per cent. 
B reak ing  a t  400 deg. C. a f te r  a  500 deg. C. t r e a t
m ent th e  corresponding increases a re  38, 30 and
25.5 p er cent.

The am ount of grow th which takes place in all 
th e  irons a t  550 deg. C., as determ ined in the  
th ird  series of experim ents, was sm all when com
pared  w ith  an o rd inary  foundry  iron. In  the
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cylinder iron grow th a tta in ed  a m axim um  a fte r  10 
heatings of 8 hours d u ra tio n , when th e  volume 
increased by 0.13 per cent. The m anganese and  
vanadium  irons showed th e  m ost grow th  to  tak e  
place d u rin g  th e  first 10 hea tin g s and  th e n  slowly 
to  25 heatings w ith  a sligh t tendency  _ to  
rise ; change of volume a f te r  25 h ea tings 
am ounting  to  0.17 p e r cent. G row th in 
nickel iron  takes place slowly a t  first 
bu t increases w ith  th e  num ber o f h ea tings yield
ing  a volume change of 0.25 per cent, a f t e r  25 
heatings and  s till increasing. T here was li t t le  
change w ith  th e  tu n g sten  iron, a m axim um  of 
0.04 p er cen t, being  ob tained  a f te r  10 heatings. 
W ith  chrom ium  th e re  was a co n trac tion  in  place 
of grow th. The con traction  takes place slowly for 
10 heatings, th en  more rap id ly  to  20 heatings, then  
slowly again  to  25 heatings, w here th e  volum e has 
decreased by 0.27 per cen t. The chrom e-nickel 
iron did n o t show con traction , a lthough  the  
chrom ium  con ten t was h igher th a n  in  th e  chrom ium  
iron, th e  effect of chrom ium  in  producing  contrac
tio n  ev idently  being p reven ted  by th e  presence of 
nickel. The grow th a tta in e d  was a m axim um  of
0.08 per cent a fte r  20 heatings.

Conclusions.
Considering th e  various investigations th a t  have 

been carried  o u t and sum m ing up th e  resu lts  so 
obtained, one or tw o definite conclusions m ay be 
arrived  a t.

(1) The special elem ents w hich exert th e  m ost 
influence on th e  p roperties of grey  cast iron  are  
chrom ium , m anganese, tu n g s ten , m olybdenum  and  
chrome-nickel. These elem ents n o t only im prove 
th e  p ropertie s of cast iron  in  its  cast condition, 
b u t in  all cases, assum ing th a t  th e  molybdenum  
behaves sim ilarly  to  tu n gsten , th e  s tab ility  of th e  
irons is increased u nder low te m p e ra tu re  (450 
to  550 deg. C .) conditions. Chrom ium  to  th e  
ex ten t of 0.4 per cent, gives b e tte r  re su lts  th a n  
slightly  la rg er am ounts of tu n g s ten  or m olybdenum  
or th a n  2.5 per cent, of m anganese. T he la s t 
th ree  elem ents in  th e  p roportions s ta te d  give 
som ewhat sim ilar resu lts  so th a t  i t  is doub tfu l if 
any m a te ria l advan tage  would be gained by using 
the  m ore costly and  more difficult alloying tu n g 
sten  or m olybdenum  in preference to  m anganese.
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The combined effect of chromium and nickel is 
th a t  th e  nickel allows of the  add ition  of a larger 
percen tage of chrom ium  although th e  benefits 
derived from  th e  increased chrom ium  are  more 
th an  dim inished by th e  accom panying nickel. 
B e tte r resu lts  would no doub t be obtained by 
om ittin g  th e  nickel and increasing the chromium 
e ith e r in  th e  presence of additional silicon o r by 
casting  in  heated  moulds.

(2) Nickel, vanadium , copper, and t in  produce 
sligh tly  b e tte r  properties in g rey  cast iron in  its 
cast condition. The first two elem ents, however, 
accelerate g raph itisa tion  under h ea t tre a tm en t 
and  i t  is possible a sim ilar resu lt would be pro
duced by copper. The effect of t in  on the 
s tab ility  of th e  carbide under hea t tre a tm en t has 
not been investigated , b u t th ere  a re  indications 
th a t  i t  m ight have a stabilising  effect.

(3) A ddition  of alum inium  or titan iu m  pro
duce no beneficial results, b u t ra th e r  tend  to  pro
mote rap id  g raph itisa tion .

DISCUSSION.

M r. J .  S h a w , a fte r  cong ra tu la tin g  th e  au thor 
on th e  excellence of the  P aper, s ta ted  th a t  Mr. 
Donaldson had  p u t before them  such a mass of 
d a ta  from  various sources th a t  he (Mr. Shaw) 
would requ ire  some tim e  to  read  and digest it , 
before a ttem p tin g  to  offer any criticism . H e 
therefore , confined his rem arks to  M r. D onald
son’s own figures. H e was pleased th a t  th e  au thor 
had  used as his base m ateria l a pig-iron of uniform  
composition, b u t one also th a t  contained all the 
elem ents in proportions found in  a  good com
m ercial pig-iron, and  th a t  his base was n o t a 
washed iron, h u t one w here all effects of o rd inary  
am ounts of Si, S, P , C and Mil come in to  play. 
The results were such th a t  any foundry  w ith con
tro l could duplicate. T aking the  table giving 
additions of M n, Cr, N i, one found th a t  th e  ten 
sile s tren g th  sim ply followed th e  increase of G.C., 
and i t  was open to th e  construction th a t  if the 
o rig inal iron had had its  C.C. increased only 
sim ilar results would have followed w ithout the 
alloy additions. I f  they  took th e  effect of N i, a 
recen t P ap e r by W ickenden proved fa irly  con
clusively th a t  small additions of N i, such as Mr. 
Donaldson used, were harm ful instead of
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streng then ing , i f  th e  Si was much above 1 per 
cent. The N i acted  sim ply as silicon in  cases 
where th e  la t te r  was about 2 per cen t and  reduced 
th e  combined carbon and  s tren g th . The same 
au th o r had also po in ted  o u t th a t  th e  increased 
hardness due to  fa irly  high percen tages of N i was 
due to  th e  closer uniform  h a rd e r so rb ite  form ed, 
which a t  th e  sam e tim e m achined easier.

D uring  th e ir  experim ents on chilled rolls they  
found th a t  a  difference of 4 poin ts in  th e  to ta l 
carbon con ten t of an iron acted exactly  in th e  
same m anner as an increase o r decrease of 3 po in ts 
of silicon on th e  sam e m ateria l, so th a t  in  all 
deductions th e  difference in  to ta l carbon m ust be 
tak en  in to  account. W hile they  had  done a li tt le  
work on th e  effect of annealing  ce rta in  castings 
a t  high tem pera tu res, the  work under ac tua l service 
conditions had n o t been a t  work long enough to  
draw  clear conclusions. Some dies con ta in ing  0.703 
per cen t. Or, and 0.445 p er cent. N i w ere tak en  
up to  950 deg. C ., and had  given good service. 
The B rinell num ber was reduced  from  512 to  269, 
ye t th e re  was no appearance  of g rap h ite . O ther 
rings of th is  type  a f te r  being annnealed  tw ice a t 
950 deg. C., w ere th e n  tak en  again  up  to  th is  
tem p era tu re  and quenched in  w ater. The B rinell 
num ber was then  713. Y et these castings were 
qu ite  strong  and n o t b rittle , bu t, of course, no t 
m achinable. A sim ilar r in g  was placed in  a  pan  
w ith malleable castings, and a f te r  five days and 
n igh ts a t  950 deg. C. was allowed to  cool in  the  
furnace. T here was s till l i t t le  o r no appearance 
of g rap h ite . Q uite ha lf a  dozen of these  rings 
were tes ted  fo r grow th, b u t w ith  tw o hea tings to 
950 deg. C. for six hours no increase of size was 
shown. W hether th a t  would continue w ith  fu r th e r 
annealing  he was n o t p repared  to  say.

Mb. J .  F e r d i n a n d  K a y s e r  sa id  he was very  d is
appointed  to  notice th a t  th e  au th o r had  expressed 
his resu lts to  th ree  places of decim als, and  y e t had 
ap paren tly  only m ade one series of each p a rtic u la r  
range of composition. I t  was h ighly im probable 
th a t  th e  analysis was correct to  th e  first place of 
decimals, and i t  ce rta in ly  would n o t be co rrec t to 
th e  second. T h a t m igh t seem a  ra th e r  s ta r tl in g  
sta tem en t, b u t a f te r  seeing th e  analysis m ade by 
differen t chem ists of rep u te , on one and  th e  sam e 
m etal, he (M r. K ayser) never ven tu red  to  express
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analysis to  more th an  one place of decimals, and 
’ — “ ' J' considerable m ental reservation .

were fa r  too nervous in  adopting  alloy additions 
in  o rder to  im prove th e ir  m etal. Roughly speak
ing, one could say th a t  th e  addition  of 1 per cent, 
of m olybdenum  would increase th e  cost by 
approxim ately  7s. 6d. per c w t.; 1 per cent,
chrom ium , 2d. p er c w t.; 1 per cent, vanadium , 
approxim ately  15s. p er cwt. Such increases of 
prices were, however, by no means ju s t  cause for 
alarm , and, given th e  . resu lts sufficiently high, 
th e re  was no need for a  m aker h esita ting  to p u t 
on th e  m ark e t a  casting  costing five o r even ten  
tim es as much as a  sim ilar casting  m ade from  
o rd inary  grey iron. I t  appeared to  be ¡generally 
agreed th a t  chrom ium  was one of th e  m ost bene
ficial m etals th a t  could be added to  grey cast iron. 
A pproxim ately 3 to  4 per cent, of chrom ium  gave, 
of course, a  w hite  iron , and one very easily sus
ceptib le to  h ea t tre a tm en t. I t  could be softened 
su itab le  for m achining, and, if necessary, could 
then  be re -trea ted  and hardened.

I t  d id  n o t seem to  be known in  th e  cast iron 
world th a t  for some years now a  m etal has been 
on th e  m ark e t con ta in ing  approxim ately  3 per 
cen t, of carbon and 14 to  15 per cent, of chromium, 
together w ith approxim ately  0.7 per cent, silicon 
and th e  usual o ther im purities found in hem atite  
iron. T h a t m etal could be forged w ithou t much 
difficulty, and could be given any B rinell hardness 
from  approxim ately  250 up to  600 by a  su itabte 
h ea t tre a tm en t.

M r. E . A d a m s o n  said i t  occurred to  h im  th a t  
th e re  was possibly a  difficulty in  regard  to  th e  
open iron and  th e  close iron. They could add 
m anganese to  iron, b u t on m elting  in  th e  crucible 
they  would get a harden ing  effect. The effect if 
m anganese was added in  the  blast furnace would 
be to  open th e  g ra in , w ith  re su lta n t h igher c a r
bon. T h a t m ean t th a t  in  th e  open iron they had 
low combined carbon and h igher m anganese. The 
resu lts of p rac tica l work were of much in terest, 
as they  showed th e  p rac tica l difficulties under 
which th e  furnaces worked, and were of more im
portance  th a n  those derived in the laboratory.

m anufac tu re rs of iron castings

An U ncom m on Cast Iron.
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M any of th e  resu lts  shown th a t  n ig h t w ere n o t 
comm ercial irons, b u t were laboratory  results , and 
therefo re  could n o t be relied  upon to  give any 
s tr ic t guidance in th e  foundry . R e fe rr in g  to  
tita n iu m , th e  speaker said  i t  was n o t generally  
known how useful i t  could he as a  cleanser. This 
was particu la rly  the  case in  reg a rd  to  iron  in 
b last furnaces.

Mb. H yde re fe rred  to  early  experim ents which 
he had w ith  Professor A rnold w ith p u re  Swedish 
iron, and w ent on to say th a t  one in te res tin g  
th in g  he had  noticed was th a t  w ith  nickel steel 
co n ta in ing  1 per cent, o'f carbon th e  nickel th rew  
carbon o u t in  th e  form  of g rap h ite . The nickel 
behaved alm ost exactly  like silicon.

The Author’s Reply.
Mb. J .  W . D o n a l d s o n ,  in  reply , sa id  th a t  while 

he agreed w ith M r. Shaw  th a t  th e  increase in  te n 
sile s tre n g th  followed th e  increase  in  com bined 
carbon which was produced by th e  m anganese, 
chrom ium  and  tu n g s ten  additions, he th o u g h t 
t h a t  th e  s treng th s so ob tained  were m ore stable 
under h e a t tre a tm e n t due to  th e  increased 
s tab ility  of th e  special carbides th a n  would be th e  
case in  a  p la in  iron  of sim ilar carbon con ten t. 
W ith  reference to  W ickenden’s P ap e r, he  had  n o t 
seen it , b u t h e  was pleased to  know th a t  th e  
resu lts  ob tained  w ith  nickel were som ew hat sim ilar 
to  h is own. M r. Shaw ’s annealing  experim en ts 
w ith  chrom e-nickel cast-iron  dies and  rings were 
of considerable in te re s t. T he fa lling  off in  h a rd 
ness a f te r  an n ea lin g  a t  950 deg. C. was to  be ex
pected, b u t why th a t  decrease should have tak en  
place w ithou t p rec ip ita tio n  of g rap h ite  h e  could 
n o t unders tand . The increase in hardness a f te r  
quenching from  950 deg. C. was also to  be ex
pected, being no  doubt due to  th e  fo rm ation  of 
m arten s ite  and  tro o stite . The fa c t  th a t  no 
g row th occurred a f te r  h ea tin g  to  950 deg. C. 
clearly  dem onstrated  the  beneficial effect which 
chrom ium  had  on th is  p roperty .

In  rep ly  to  M r. K ayser’s rem arks reg a rd in g  th e  
analysis, he would say  th a t , w here th re e  places 
of decim als were given, these were sim ply th e  
average of tw o resu lts determ ined  to  two places 
of decimals and  differing by 0.01 p e r cent. H e 
was glad to  h ear M r. K ayser’s views regard ing
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th e  add ition  of special elem ents to  castings, and 
especially th a t  he agreed w ith  him  (M r. D onald
son) in  th e  beneficial effects produced by 
chrom ium . The fa c t th a t  an  iron  con tain ing  
3.0 p e r cent, carbon and 14 to  15 per cent, 
chrom ium  was on th e  m ark e t was qu ite  new to 
him , and also th a t  such an iron  could be machined,, 
forged, and  subjected to  hea t-trea tm en t. In  his 
own experim ents he found th a t  a n  iron  con tain 
ing 0.9 per cent, chrom ium , 1.5 per cent, silicon, 
could n o t he m achined. The iron  he referred  to  
was cast in  a  cold sand mould, and possibly th e  
one m entioned by M r. K ayser was cast and cooled 
under d ifferen t conditions.

M r. Adam son’s rem arks regard ing  th e  produc
tio n  of iron  in  th e  b last fu rnace were very in te re s t
ing, particu la rly  w ith  reference to  th e  effect of 
m anganese on th e  production  of close and open 
irons, and also w ith regard  to  th e  cleansing effect 
of ti tan iu m . W ith  reference to  some of th e  
resu lts d ea lt w ith  in  th e  P ap er, they  were derived 
from  irons produced in  th e  laboratory , and 
although they  could be used as a  comparison 
among themselves, he agreed th a t  they  could not 
be used as a  guidance in foundry practice.

M r. H yde had referred  to  his early  experim ents 
w ith Professor A rnold on irons p repared  from  
pu re  Swedish iron  where only one constituen t was * 
varied . H e (Mr. Donaldson) knew of experi
m ents in  progress a t  p resen t on irons p repared  in 
a sim ilar m anner, w here th e  phosphorus con ten t 
varied  in  one series and th e  chrom ium con ten t in 
th e  o ther.
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Birmingham, Coventry and West 
Midlands Branch.*

THE TRAINING OF FOUNDRYMEN.

By E. Ronceray, Honorary M em ber.
In  in troducing  th e  lec tu re r for th e  evening, 

M e. C. R e t a l l a c k ,  who presided, said  th a t  for 
m any years he had been im pressed w ith  th e  need 
for som ething to  be done for th e  education  of th e  
young m oulder. I t  was n o t a c ra f t th a t  appealed 
to  most boys. A lready som ething had been done 
a t  Sheffield, and very good work had  also been 
done a t  th e  Technical School a t  W ednesbury. H e 
had  p a id  a num ber of v is its  to  P a ris  to  see th e  
provision th a t  was m ade th e re  fo r th e  technical 
t ra in in g  of th e  foundrym an, and  each tim e  he was 
more im pressed w ith the  genius of Mons. R onceray 
and  th e  success which was a tten d in g  his labours. 
The p resen t m eeting was th e  outcom e of th e  
im petus which he derived from  an  inspection  of 
w hat was being done. I t  was o ften  sa id  th a t  th e  
foundry  industry  was n o t m aking  progress a t  th e  
same ra te  as th e  eng inee ring  in d u s try . I t  was 
suggested th a t  in  th e ir  c ra f t they  s till belonged to  
th e  Queen A nne period and  th a t  th ey  had  a 
venerable a ttach m en t to  th e  m ethods p rac tised  by 
th e ir  g ra n d fa th e rs ; th a t  in th e  foundry  all was 
ru le  of thum b, and th a t  i t  was th e  la s t place to  
in troduce m odern economic p rac tice  and  condi
tions. W hatever th ey  m igh t have to  say abou t th e  
le thargy  of th e  las t fifty  years—and he adm itted  
th a t  we had been le tharg ic  in  th is  coun try—th ere  
had  now come a v ita l aw akening in  th e i r  c ra f t. 
There was now a  sp ir it  of inqu iry  and  a d e te rm in a 
tion  to  explore every avenue which would resu lt 
in  e rad ica tin g  w hat was erroneous and  apply ing  
th e  m ethods of research  to  design, p a tte rn s , g a tin g , 
m oulding, refrac to ries, tem p era tu res , and  espe
cially to  the  m ate ria l used. The B ritish  C ast Iro n  
R esearch A ssociation had become a g re a t  and  liv ing 
force. Ably led by its d irector, M r. Pearce, and  by 
M r. F letcher, research to  th a t  body was n o t m erely

•  Jo in t M eeting in conjunction w ith  British  Cast Iron R esearch  
A rfoeiation .
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a question of papers and essays. Every defective 
oasting  subm itted  was microscopically analysed and 
repo rted  upon, and th e  whole modus operandi of 
foundry  practice and m ateria l was under review 
fo r th e  benefit of th e  members. M r. R etallack  
expressed his apprecia tion  of th e  work of T h e  
F o u n d b y  T r a d e  J o u r n a l . N o  tr a d e  paper had 
m ade m ore rap id  progress, he said, and  th e  
in form ation  published was of th e  g rea test value 
both  to  th e  s tuden ts  and th e  workers in  th e  
foundry  c ra ft. H e re fe rred  to  the  difficulty of 
ob ta in in g  skilled m oulders, m any of whom, he 
said, w ent to  th e  U .S .A ., w here they  got increased 
rem unera tion . Boys as a ru le  did no t like foundry  
work, which was laborious and  d irty . I t  was a 
tra d e , however, th a t  requ ired  skill, and never 
were th e  requirem ents so exacting  as th ey  were 
to-day. W h a t they  needed to  do was to  link  up 
th e  technical schools w ith  practical work in the  
foundry , to  connect th e  boy a t th e  technical school 
who prom ised well in his m etallurg ical studies w ith 
p rac tice  in  a model o r o ther foundry. F o r th is 
developm ent they  had  to  go to  Mons. R onceray, 
th e  liv ing  em bodim ent of ironfoundry  in  all its 
m ultitud inous branches and details. The o u t
s tand ing  fea tu re  of Mons. R onceray as a  founder 
was th a t  he was b ring ing  in to  daily  p ractice in  the  
foundry his extensive knowledge of m etallurg ical 
technique and k indred  investigations. W hether it  
was th e  pencil dow ngate o r the  syphon tr ip lica te  
pouring  brick, he had a  facu lty  possessed 'by few 
scien tists , who w ere too much confined to  the  
laboratories, and never got down to  th e  foundry 
floor.

The tra in in g  of th e  jun iors m erited  careful 
a tten tio n , and  they  ought to give th e  g rea test 
a tten tio n  to  boys who had a passion fo r foundry  
work, and th e re  were some. H e m entioned th a t  
th e  F rench  G overnm ent had recognised the 
splendid  work which Mons. R onceray was doing by 
m ak ing  him  a C hevalier of th e  Legion of H onour.

M o n s . R o n c e b a y , who was very warmly received, 
said i t  was always w ith renewed pleasure th a t  he 
came to  lecture  in B irm ingham , where everything 
re la tin g  to  th e  foundry  tra d e  was so m uch app re
ciated . Some tim e  ago he received a  v is it from  
his fr iend  M r. R etallack, who came to  consult
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w ith liim on the  sub ject of foundry  education . 
“ W hether he came to  m e,”  Mons. R onceray 
added, “  w ith  reference to e lem en tary  tr a in in g  of 
appren tices o r fo r h igher educational purposes I 
really  do no t know, because I  have been accused of 
sp read ing  my efforts over the  whole field of 
foundry ed u ca tio n .”

FOUNDRY TRAINING FROM APPRENTICESHIP TO 
THE FOUNDRY TECHNICAL HIGH SCHOOL.

The w ar had  sh a tte re d  all F rench  organ isa tions, 
most o f th e  skilled m en had  been killed o r were 
disabled, w hilst requ irem ents were enorm ous, and, 
as a  leading po litic ian  said, F ran ce  h ad  to  become 
a n a tio n  of “ cadres ”  (staffmen) if they  in tended  
to  keep th e ir  position am ongst th e  nations. They 
had in  consequence to- fram e a  com plete o rgan isa
tion  of th e ir  industries. I t  was w ith  th e  ob ject 
of p rom oting  a general p lan  for th e  foundry  
industry  th a t  th e  A uthor p resen ted  a pap er a t  th e  
first post-w ar conference of th e  A.T.F. of P a ris , 
held in  Liège in  1921.

T his paper d ea lt m ore w ith  th e  a scerta in ing  of 
th e  d isorgan isation  of foundry  tr a in in g  and 
th e  subm ission of a p lan  th a n  th e  showing of 
results. The hopes and  purposes of th e  Com
m ittees appoin ted  to  im prove th e  conditions were 
expounded, and th e  desire th a t  a F ound ry  H igh 
School should be opened to  ra ise  th e  scientific and 
technical level of foundry  engineers and m anagers 
was p u t forw ard. How these ends were a tta in e d  
will be shown.

T he th ree  stages of foundry  education  a re  : — 
(a) The tr a in in g  of a rtisan s ; (b) th e  education  of 
charge hands and forem en, and  (c) t r a in in g  of 
foundry  specialists and m anagers.

The Training of A rtisans.
The g rea te st obstacle to  foundry  appren ticesh ip  

is th e  reluctance of boys to  e n te r  th e  trad e . 
W hilst engineering  o r e lectrical trad e s  find as 
m any apprentices as they  like, i t  is a p rac tica l 
im possibility to  convince boys to  become moulders. 
They notice t h a t  engineers o r e lec tric ians are  
invariably  well-dressed, superior m en, whose func
tio n  i t  is to  move handles o r levers, to  d rive 
autom obiles, ships, aeroplanes, o r som ething of
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th is  description. T heir choice is governed by the 
rom antic  appearance of the profession, and i t  is 
a  d isappo in tm en t for them  to  discover la te r  on 
th a t ,  very often , th e ir  work is d ir ty  and  obscure, 
unem ploym ent frequen t and wages modest. The 
foundry  w orld realises th a t  m oulding is n o t th e  
d ir ty , s tup id  job th a t  some people th in k  i t  is. 
The foundry  is th e  basis of all engineering  trades. 
I t  p resents a  v a s t num ber of in te resting  jo b s ; 
possible im provem ents are enormous, and the pros
pects are very prom ising for good men. The 
found ries become every day more com fortable, 
cleaner and b e tte r  equipped, and the best men 
can get very high pay  in  th is  form  of employ
m ent. I t  is th o u g h t th a t  in  B r ita in  also efforts 
are  being made to  a t t r a c t  in te lligen t young, m e n ; 
w hilst i t  is ce rta in  th a t  a t  th e  p resen t tim e  much 
difficulty exists in  F rance.

I t  is hoped th a t  “ professional o rien ta tio n s,”  
which is1 to  be a ttem p ted  in  F rance  in  th e  years 
to  come during  th e  la s t te rm  of elem entary  
schools, will b ring  some im provem ent, though it  
has still to  be proved.

A nother g re a t obstacle to  apprenticeship  is the  
lack of enthusiasm  of foundry  owners. I t  is said 
th a t  apprentices are troublesom e, th a t  they  cost 
a good deal of money, and th a t  they  leave before 
th e  end of th e ir  tim e. From  personal experience 
i t  can be sta ted  th a t th e re  is no th ing  in  such 
fears. W hen apprenticeship  is p roperly  organised 
i t  is a source of satisfaction.- I t  m ust n o t be 
feared  th a t  the  apprentices will leave th e  firm 
when th e ir  tim e is se rved ; on th e  contrary , th is 
is to  be desired. Lack of moulders is n o t due to  
exchange of tra in ed  men, b u t th e  lack of a general 
tra in in g  policy. In  B rita in  i t  is th o u g h t th a t  
th e re  are  difficulties arising  from m oulders’ 
unions. There are  no difficulties of th a t  k ind  in 
F rance.

Apprenticeship Pam phlet.

To help apprenticeship , the" Syndicat des 
Fondeurs de F rance  has though t useful to  pub
lish a pam phlet giving general inform ation  and 
advice. This pam phlet con tains in fo rm ation  'to 
help recru iting  of apprentices, a con trac t form,
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legal te s ts  re la tin g  to  appren ticesh ip  and  a  p ro
gram m e o f foundry  courses, which is to  be de
veloped in a te x t  book to  help teachers and 
hoys. This can be consulted on application  to 
th e  B .C .I.R .A .

A pprenticeship in  the Foundry or at a School.
The general op in ion  in  F ran ce  is th a t  th e  bulk 

of m oulders m ust be tra in ed  in shops, where the  
work is m ore norm al and th e  atm osphere m ore 
businesslike th a n  in  schools where work canno t 
be conducted on  a sufficient scale. B u t proper 
tra in in g  in  th e  foundry  requires th e  s t r ic t  use of 
adequate  m ethods; otherw ise, tr a in in g  in  school 
m ay be preferable.

The S yndicat pam phle t recom mends to  group 
th e  boys under th e  supervision of a capable 
in s truc to r, and  to  avoid a t  all costs p u tt in g  them  
under th e  journeym en in  th e  foundry , who are  
liable to  use them  as labourers.

I t  is recom mended to  give them  a t  once simple, 
b u t useful work by increasing  stead ily  th e  diffi
culties. Every  m orning th e  castings a re  exam ined 
by th e  in s tru c to r. The w asters a re  carefully  
b roken  in  presence of th e  boys. These previous 
exam inations generally  disclose th e  causes of th e  
defects and  th e ir  rem edies. Those rem edies are 
im m ediately applied and th e ir  resu lts inspected a t  
th e  n ex t m elt. I f  especially in te re s tin g  cases a re  
m et, appren tices a re  ga thered  to  inspect them , 
and a re  questioned on  th e  causes of w asters and 
remedies.

Choice of Instructor.
The choice of in s tru c to r has a  g re a t bearing  

on  th e  results. H e m ust be a  very  com petent 
m an, capable of w orking him self, fond of boys, 
hav ing  sufficient pedagogical qualities to  teach  
and in te res t his pupils. No labou rer’s work m ust 
be imposed on boys, otherw ise they  lose in te re s t in 
th e ir  tra d e . I t  is w onderful to  v isualise th e  
resu lts of such m ethods. T he boys m ake consider
able progress, and they  work w ith  zest and  
enthusiasm .

Apportioning of P eriod .
The to ta l tim e served is th ree  years. I t  is 

recommended to  use the  first year to  teach  the



general basis of th e  trad e , exacting  from  th e  
boys good and  well-finished work, ra th e r  th a n  
speed, b u t n o t to  h es ita te  to  und ertak e  m ore and  
m ore difficult work as soon as knowledge and 
experience a re  acquired, a t  th e  risk  of m aking a 
few w asters, which, a f te r  all, a re  n o t fru itless. 
The en thusiasm  of boys is ra ised  in  d irec t pro
portion  to  th e  confidence which is shown in  them . 
They get quickly discouraged if  th ey  a re  tre a te d  
like labourers o r  low grade workmen, who are  
supposed to  be only good fo r low and  tedious 
work.

A fte r one year, speed can be developed by offer
ing  boys prem ium  or piece work, b u t quality  
m ust be insisted  upon. The difficulty of th e  work 
is increased as tim e  goes, b u t a f te r  about 18 
m onths th e  average boy is capable of m aking  
most o f th e  o rd in ary  work g iven  to  moulders, 
though a t  a  slower speed. H e m ust be given 
indifferently  a ll w ork usually m ade in  th e  shop : 
sweeping, gears, cylinders, engine bases, e tc . I f  
necessary th e  in s tru c to r should help him  and try  
to  ra ise  his in te re s t by com paring his work w ith 
sim ilar w ork accomplished by skilled workmen. 
D raw ings of castings in  progress m ust always be 
in  th e  boy’s hands.

F rom  h is en tran ce  in to  th e  shop th e  boy m ust 
have h is own tools and a  cupboard in  which to  
keep them . H e  m ust be tra in e d  to  ta k e  care of 
h is tools, and  n o t w ander in  th e  shop to  look 
fo r a  shovel, a ram m er o r bellows.

Foundry Instruction Courses.

The general custom  is to  have foundry  instruc
tio n  courses tw ice a week, th a t  is, 4 hours per 
week. Some foundries a rran g e  them  during  
shop tim e, o thers a fte r . The first year is 
generally  employed to  teach  elem entary  draw ing 
and  m athem atics, while th e  second and th ird  
years a re  devoted en tire ly  to  tr a d e  m atte rs, as 
re fe rred  to  in  program m es A and  B of th e  
pam phlet. The in s truc to r should seize every 
o ppo rtun ity , and, if  necessary, provoke it, to  
re fe r to  th e  draw ing of th e  casting  in progress. 
This is an  excellent m ethod of ra is ing  the  boy’s 
in te rest.
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Sometimes th e  in s tru c to r is the  teacher of the  
foundry  courses, som etimes i t  is ano ther m an. 
I n  th is  la t te r  case, th e  two m en m ust work in 
close co-operation to  avoid differences of opinion. 
T he lessons of th e  teach er on  sands, m elting , 
lif tin g  pressures, e tc ., m ust be confirmed by ac tua l 
tes ts  or observations.

Influence of Staff.
The influence of staff on th e  final resu lts may 

be considerable. The first conditions of success 
a re  a com plete fa ith  in  th e  u ti l i ty  of ap p ren tice
ship and  th e  possibility of success. I f  th e  chief 
is convinced, he w ill be in  a  position  to  ob ta in  
th e  h ea rty  co-operation of h is assistan ts, th e  
influence of which is of considerable w eight in  
th e  course of tim e.

B*ut h is personal action  m ay be very g rea t. 
H e m ust him self see th e  boys and th e ir  p a ren ts , 
te ll th em  th e  advantages1 an d  in te re s t of th e  
tra d e  and th e  fu tu re  of i t  fo r educated  people. 
H e m ust induce th e  educated  boys to  e n te r th e  
foundry , even if necessary by increasing  th e ir  
pay. Those boys generally  lea rn  quicker th a n  
th e  less educated  ones, and a re  th e  re c ru its  for 
th e  fu tu re  staff.

L a te r  on, the  p rin c ip a l m ust e x e rt a continuous 
action, keep h is staff on  th e  w atch, see th e  boys 
o ften , ad ro itly  p raise  o r blam e them , o rgan ise com
petitions, gives prizes, in  sho rt, m ake clear th e  
in te res t he bears to  his boys.

Actual State of A pprenticeship in  France.
T he regions which have best succeeded in  the 

tra in in g  of foundry  apprentices' a r e : N ord,
A rdennes, H au te-M arne , CSreusot d is tric t, and 
P a ris  region. In  th e  la s t region 150 appren tices for 
iron, steel .and alum inium  and  60 fo r b rass have 
passed exam inations la s t year. The P re fec tu re  de 
la  ‘Seine has aw arded 15 certifica tes o f “ a p titu d e  
professionelle ” a f te r  exam ination  passed by a  ju ry  
nam ed by th e  P re fe c t de la  ¡Seine, The re p o r t of 
ju ry  m entioned “  The whole of th e  m em bers con
sider th a t , from  th e  professional p o in t of view, 
th e  average level of candidates was excellent. 
T heir skill was considered e ith e r as finish of work 
o r speed, corresponding to  th a t  of good work
men* of fu ll age,”
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Apprentice Schools.

A pprentice tra in in g  a t  schools has only recently  
been s ta rted  in  F ran ce  a t  th e  In s t i tu t  C olbert 
a t  Tourcoing, In s titu t T urgo t a t  R oubaix, Ecole 
de M étiers a t  Lyons, an d  is in  process of o rgan i
sation  in  various “ écoles pratiques ” and in  th e  
“ Ecoles N ationales professionnelles ” of Armen- 
tières, N antes, V oiron and  Tarbes.

The apprentices tra in e d  in  these schools, so 
long as they  do n o t leave the trade , which may 
be feared , a re  probably b e tte r  fit to  en te r the  
lower staff of foundries th a n  to  m ake p u re  work
men. T heir general education will enable them  to 
jo in  the  staff, b u t th e ir  m anual tra in in g  will be 
in ferio r to  th a t  of apprentices tra in ed  under 
p roper shop conditions. The la t te r  conditions 
may, however, be im perfect, in which case the  
school apprentices show superio rity  over th e  shop- 
tra in ed  ones. W hether the  boys tra in e d  a t  school 
in tend  to  become workmen o r rise to  forem an- 
sliip, it  is strongly  recommended th a t  th ey  should 
im prove th e ir  knowledge by spending a  few years 
of th e ir  you th  in  various foundries doing actual 
work before finally se ttlin g  down. Those desirous 
of advancem ent m ust not seek clerical work, but 
they  m ust be anxious to  complete th e ir  know
ledge by assim ilating  in d u s tria l methods, costing, 
o rgan isation , and observation of hum an factors.

The Training of Forem en.

I t  is to  be reg re tted  th a t  no system atic form a
tion  of foundry  forem an has been undertaken  
e ither by th e  G overnm ent o r p riv a te  o rgan isa
tions. T here is only a Sunday course in  P aris , 
providing 20 lectures, which can hard ly  pass for 
such. The au th o r is very  sorry about th is, and 
one of his am bitions has been to  fill t h a t  gap. 
C ircum stances have n o t perm itted  i t  up  to  now, 
b u t he hopes to  be able to  con tribu te  to i t  in the 
near fu tu re  on sim ilar lines to  those followed for 
th e  h igher form  of teaching.

In  th e  au th o r’s opinion, th e  forem en’s tra in in g  
is a  very im p o rtan t th ing  com paratively easy to  
organise. The recru itin g  should be made amongst 
th e  am bitious and in te lligen t young men who have 
en tered  th e  tra d e  e ith e r from  the sand heap or
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th rough  a professional school. Even th e  foremen 
in ex istence a t  p resen t, who suffer from  the  lack 
of technical knowledge, would be eager to  follow 
such courses. I t  seems, therefo re , th a t  no diffi
culty  would bo m et to  have stu d en ts  anxious to 
learn . The only difficulty seems to  find teachers 
and to  pay them . The foundry  h igh school, to 
be d ea lt w ith la te r, will in  a 6hort tim e  have 
widely d is trib u ted  sufficient men able to  teach  
foundry  topics in  a  capable way. The foundry- 
men, th e ir  regional o rganisations, and  th e  Tech
nical E ducation  B oard, which has now special 
resources for th is  purpose, w ill n o t fa il in  th e ir  
du ty . So th a t  every th ing  points to  a  recrudes
cence of regional courses specially organised for 
foundry  forem an tra in in g .

The Training of Foundry Executive*.

Up to  now, th e  tra in in g  of foundry  executives 
has been ca rried  on in  a  ce rta in  num ber of tech 
nical colleges. E xcep t fo r th e  Ecoles d ’A rts and  
M étiers, th is  tra in in g  was n o t in  d irec t re la tion  
to  foundry  needs, b u t re fe rred  m ore particu la rly  
to  m etallurgy. The Ecoles des Mine6, Ecole C en
tra le  des A rts and M anufactures, In s t i tu ts  In d u s
tr ie ls  devote a few lectu res to  foundry  topics. 
However, th e  Ecole C entrale  has an  im p o rtan t 
shop laboratory  and  well-considered courses, b u t 
short.

The Ecoles N ationales d ’A rts and  M étiers have 
fo r a long tim e been th e  source of foundry  
m anagers outside of theo re tica l courses. P ra c 
tica l foundry  profession was ta u g h t th e re  du ring  
th ree  consecutive years fo r seven hours a day, 
which have been first reduced to  two years a t  five 
hours per day, and  finally to  one year. The 
ac tua l tendency is to  t r a in  th ere  non-specialised 
engineers, all s tu d en ts  passing in  th e  various 
shops du ring  th e ir  first and th i rd  y ea r of scholar
ship. D uring  th e  second year only a  ce rta in  num 
ber of s tuden ts  follow foundry  o r p a tte rn -m ak in g  
courees, and very likely they  will form  a  good 
p a r t of fu tu re  foundry  m anagers when they  have 
gained sufficient experience and know ledge.' They 
a re  expected to  form  an im p o rtan t p a r t  of th e  
s tu d en ts  of high school.
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Ecole Supérieure de Fonderie.
In  h is P a p e r presented  on behalf of th e  I.B .F . 

to the  conference recen tly  held in  Liège, Mr. 
J .  G. PeaTce m entions th a t  “  on foundry  subjects, 
th e  scientific m an can hard ly  s t a r t  researches of 
value fo r lack of p rac tica l knowledge, while the  
p rac tica l m an  is n o t in  possession of sufficient 
scientific knowledge to  draw  th e  full conclusions 
of his observations.”

I t  i3 to  fill th is  gap and to  u n ite  in  one m an 
scientific and technical knowledge and  experience 
th a t  th e  P a ris  F oundry  H igh  School has been 
created . I t  is th e  first of its  k ind  in  th e  world, 
to  th e  au th o r’s knowledge.

I t  has been created  on th e  proposal of the  
au tho r by th e  S yndicat G énéral des Fondeurs de 
F rance  with th e  help and  collaboration of th e  
Technical E ducation  B oard.

M r. Ch. D ufour, C hairm an of th e  S yndicat des 
Fondeurs de F rance , p u t i t  to  th e  general m eet
ing on Ju ly  30, 1923. th e  funds were im m ediately 
raised , and th e  first m eeting  of d irectors of the  
new school took place a t  th e  B oard of E ducation  
early  in  October under th e  chairm anship of the  
M inister, Mr. Gaston Y idal, assisted by Mr. 
D ufour and M r. Labbé, D irec teu r de l ’Enseigne
m en t Technique. The decree organising  the 
school appeared  on  October 23, and the  courses 
were opened in Jan u a ry .

I t  m ust be understood th a t  the  school is no t 
intended exclusively to  form  foundry specialists, 
b u t to  com plete th e  knowledge of foundrym en, 
hav ing  already a general scientific tra in in g , by 
teaching them  th e  special topics of th e  profes
sion which are  a t  present dissem inated in tech 
nical books o r Press o r even n o t published.

The studen ts  m ay be e ither g raduates from 
special schools o r m en who have risen  from  th e  
bottom . As fa r  as possible, ha lf of th e  vacancies 
are  reserved fo r each category. An en trance 
exam ination  is to  be passed by both categories, 
and all of them  have to  ju s tify  good foundry 
practice.

Standard ’of Courses.

The s tan d a rd  of courses is scientifically as high 
as possible, consisten t w ith th e  scientific tra in in g
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of students. I t  is thoroughly  p rac tica l a t  the  
same tim e, fo r the* ob ject is above a ll to  produce 
foundry  executives or m anagers w ith a scientific 
tra in in g .

The m ethod followed to  reach such a re su lt is to  
select fo r each course th e  best specialist known. 
A lib rary , w ith a  b ib liographical o rgan isa tion , is 
being placed a t th e  disposal of professors and 
s tudents. The following resum e will g ive an 
idea  of th e  topics stud ied  w ith  th e  nam es of 
teachers. The la te s t w orks published in  th e  world 
have to  be investiga ted  and  eventually  tau g h t.

FOUNDRY HIGH SCHOOL. 

Course of Lectures.

M eta llu rgy .— G eneral m eta llu rgy  (C ournot), 3 
lectures M etallu rgy  of non-ferrous m etals, study  
of p rinc ipal alloys (C ournot), 4 lectures. C lassi
fication of pig-irons, steels, m alleab le ; S tudy  of 
b last fu rnaces; Theory of a ir-fu rnace  converter, 
open-hearth  furnace (B rull), 15 lectures, 3 labora
tories.

P hysical and Chemical S tu d y  o f M ateria ls used  
in  Foundry.-—M eta llo g rap h y ; S tudy  of co n s titu 
tion  and s tru c tu re , p roperties and  tre a tm e n t of 
m etals and alloys used in foundry  (P ortev in ), 20 
lectures, 9 p ractical. D ila tom etric  6tudy of 
alloys (O hevenard), 2 lectures. Inv es tig a tio n  
th rough  X -rays of defective c a s tin g s ; A pplication 
of Debye m ethod to study  of alloys (D elauney), 2 
lectures.

In d u str ia l H eating . — S tudy  of combustibles, 
com bustion and  furnaces (Roszak), 11 lectures.

Geology, M ineralogy and R efracto ries .—.Study 
of p rinc ipal m inerals and n a tu ra l substances used 
in foundry  and industry  (B ertrand ), 11 lectures. 
R efrac to ries used in foundry  (Bodin), 4 lectures.

E lec tr ic ity .—G eneral notions and p rin c ip a l laws 
of e le c tr ic ity : A pplication to  th e  foundry  needs 
(N ugues), 12 lectures.

A naly tica l C hem istry. — Sam pling ; Chemical 
analysis and  te s ts  ; L abo ra to ry  organ isa tion  (Four- 
nel), 14 lectures, 30 prac tica l. In d u s tr ia l methods 
o f rap id  analysis (Levi), 2 lectures.

In troduction  to F oundry Worlc.— G eneral theory  
of m oulding and po u rin g ; D ete rm ina tion  of ac t
ing forces in moulds (P illon), 6 lectures. Gene



ra litie s  ; In d u s tr ia l s ta tu s  of foundry  ; G eneral 
in te rn a l and technical o rgan isation  (Ronceray), 2 
lectures. M ateria ls used in  foundry  (Ronceray), 
6 lectures. P a tte rn  m aking  (M asviel), 10 lec
tu res . Scientific and  experim ental study  of sands 
(Lemoine), 5 lectures ; S tudy  of foundry defects 
and  general ru les resu lting  (Ronceray), 2 lectures.

General Moulding Study.  — Sand and loam 
m oulding. S tudy  of d ifferent processes (D ebar),
2 lectures. M oulding boxes ; M oulding tools 
(D ebar), 3 lectures. P rep a ra tio n  of sands; 
A ppara tus used (Lemoine), 2 lectures. E vacua
tio n  of gas in  sand  ; R am m ing (Ronceray), 3 lec
tu res . Core m aking  (Ronceray), 3 lectures. 
P a tte rn  draw ing, finishing (D ebar), 1 lecture. 
D ry ing  ; G eneral theory  of stoves (D ebar), 3 lec
tu res . H and ling  of m olten m etal (D ebar), 1 lec
tu re . P ou ring  (D ebar), 1 lecture. Sorting, 
fe ttlin g , repa iring , inspection of castings (Ron
ceray), 1 lecture.

Melting and Treatment of Metals.—Blowing 
ap p ara tu s  and  its control (Bouzy), 3 lectures.

Ferrous Alloys.—T reatm en t of cast iron in  the 
foundry ; P roperties of cast iron ; Special irons 
(Lemoine), 4 lectures. C ast-iron m elting, in 
cupola (R onceray), 5 lectures. C ast-iron  m elting, 
in  a ir  fu rnace (Ram as), 1 lecture. Semi-steel 
(Levi), 2 lectures. H igh-strength  cast irons (Le 
Thomas), 1 lecture. M alleable iron (theoretical 
study) (Lemoine), 2 lectures. M alleable iron 
(practical study) (Levasseur), 4 lectures. Steel 
(theoretical and m etallurgical study) (V anzetti),
3 lectures. P rac tica l study of the steel foundry' 
w ith  converter. Siem ens-M artin  furnaces and 
electric  fu rnace  (V anzetti), 5 lectures. T heoreti
cal s tudy  of electric fu rnace  (Remy), 4 lectures.

Nan fe rrous Alloys.—Study of copper alloys and 
o ther non-ferrous alloys (LemoineV 5 lectures. 
M elting  and refining. H igh-streng th  brasses (Le 
Thomas), 1 lecture. L igh t alloys ; theoretical 
s tu d y  (Lemoine), 3 lectures. L ig h t alloys: p rac
tica l study  (de F leury), 4 lectures.

Different Kinds of Moulding ; Specialities .—  

P a tte rn  p lates and m achine m oulding (Billon and 
D ebar), 6 lectures, 3 p rac tica l. Sweeping gear 
m oulding and  tu rb ines (Masson), 2 lectures, 2 
laboratories. Loam m oulding (Fabre), 2 lectures.
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Special m oulding of ligh t work : stove p lates, 
san ita ry  castings, rad ia to rs  (R onceray), 1 lecture. 
Chilled castings ; R olling m ill rolls ; Chilled wheels, 
e tc . (R am as), 1 lectu re. R ailw ay castings 
(Dewee), 1 lecture . W elding of cast iron (Dewee), 
1 lecture. A utomobile castings (T hivot), 1 lec
tu re . C ireperdue, m edals, a r t  work, im ita 
tion  bronze (D erdinger), 2 lectures. L arge brass 
castings, propellers, h igh -streng th  brasses, bells 
(G auger), 4 lectures. P ip e  m aking , p erm anen t 
moulds, cen trifu g a l castings ; E lec tro ly tic  and 
non-electrolytic coverings ; Inoxydation , enam el
ing  (Levasseur), 4 lectures.

General Organisation of F oundries .—The rôle 
of foundry  m anager (D ufour), 1 lectu re . L iftin g  
ap p a ra tu s  in  th e  foundry  (P illon), 3 lectures. 
G eneral o rg an isa tio n ; E q u ip m en t; H a n d lin g ; 
D escrip tion  of a  few types of foundries (R on
ceray), 2 lectures. Scientific m anagem ent of 
foundries (N usbaum er), 3 lectures. Cost p rices ; 
T heir o rgan isa tion  (Feron), 2 lectures. Influence 
of fire losses on cost prices (B rizon), 1 lecture. 
Selling ; I ts  o rgan isa tion  (F eron), 1 lecture .

Graphic W ork and  A pp lica tions .—M oulding 
studies and discussions (R onceray and D ebar), 24 
lectures. R eports on v isits of foundries and  d is
cussions (Ronceray, D ebar, Lem oine), 24 lectures. 
G eneral design of foundries ; Shop p lann ing  ; 
S tudy  of defects (R onceray, D ebar, Lemoine).

G raphic Work.
I t  m ust be rem em bered th a t  all s tu d en ts  have 

a knowledge of foundry  prac tice , so i t  is no  use 
to  have prac tica l m oulding ta u g h t. I t  m ust be 
known before coming to  th e  school. The s tu d en ts  
m ust also have a thorough  practice  of eng inee ring  
draw ing, so as to  be able to  express th e i r  con
ceptions and  views.

E very  10 days th ey  have to  m ake th e  com plete 
study  of the  m oulding of a casting , s ta r tin g  w ith 
a very sim ple work, and finishing a t  th e  end of 
th e ir  work w ith  autom obile o r locomotive cylin 
ders or sim ilar work.

The stud ies com prise: A pproxim ate w eight of 
castings ; w eight of m etal ; m achin ing  allowances ; 
con traction  allowances ; m ethods of m oulding, 
reasons of th e  choice ; construction  of p a tte rn s  ;
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construction  of core boxes; design of moulding 
boxes, detail of m oulding; special precautions to 
take  to ensure a sound castin g ; qu a lity  of sand 
u se d ; core m aking, -composition of sand u se d ; 
mould closing; m ethod of pouring, precautions to  
ta k e ; composition of m eta l recommended, its 
m a n u fa c tu re ; hea t tre a tm e n t if re q u ire d ; esti
m ation of tim e for p a tte rn , core boxes, mould, 
co res; cleaning and f e t t l in g ; and criticism  of the  
design to  im prove th e  casting  o r speed up the 
work.

The object is to  provide men capable of conduct
ing  the  work from  th e  beginning to  th e  end, and 
to  prom ote the o rgan isation  of studying  foundry 
work before s ta r tin g  th e  work. There is bound 
to be in th e  fu tu re  a  “  ways and m eans d ep a rt
m en t ”  in  th e  foundry  as in  th e  m achine shop.

Every  week th e  students, accompanied by one 
or two of th e ir  lecturers, pay  a v is it to  one of 
the  num erous foundries around P aris . Those 
visits a re  m ade in a qu ite  d ifferent way from 
o rd inary  school visits. The s tu d en ts  would have 
li tt le  to  learn  from  a superficial v isit, as most 
of them  have seen num erous foundries. They are 
given a c e rta in  p a r t  to  study, such as th e  m elt
ing  p lan t, ovens, general a rrangem ents of the 
foundry , lif tin g  appara tu s, core m aking, sand- 
p reparing  p lan t, etc. Some of them  in  ro ta tion  
have to p resen t a repo rt w ith th e ir  criticism s and 
proposals of im provem ents. These reports are 
discussed w ith th e  teachers and these discussions 
are  m ost in structive. In  a  very short tim e the  
studen ts  lea rn  “ how to  see,”  to  express an 
opinion for themselves, and eventually  to  become 
able to  avoid m aking  the fau lts  th a t  th e y ,h a v e  
encountered.

They also have to  design p a rts  of foundries, 
such as th e  core room, m elting  p lan t, sand-m ixing 
p lan t, raw  m ateria l, handling, etc., so th a t  step 
by step they  become able a t  the  end of the  year 
to  design a complete foundry.

D uring  th e  E aste r holidays a week’s tr ip  is 
undertaken  in an industria l d is tric t, no t only to  
v is it foundries of special charac te r which could 
hard ly  be found around  P aris , b u t also blast fu r
naces, coke ovens, rolling mills, steel works, etc., 
so as to  give th e  s tuden ts a general view of 
m etallurgical industries.
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In  add ition  to  th e  periodical exam inations 
d u rin g  th e  year, th e  final classification is m ade 
by tw o special exam inations—one a t  the  end  of 
the  year and  a  second a few m onths la te r.

The first one refers to  th e  study  of th e  m ould
ing of a n 'im p o r ta n t casting  on th e  sam e lines as 
d u ring  th e  year. L ast year i t  was a  Diesel
engine cylinder. The tim e allowed to  m ake the  
whole work was 10 hours, and  rem arkable  solu
tions w ere presen ted .

The second is a paper to  be presen ted  on a 
sub ject selected by th e  s tu d en t him self. I t  is a 
k ind  of sim ple research , affording an  excellent 
means of app rec ia ting  the  personal value of each 
m an and  th e  p ro fit he  has draw n from  th e  teach 
ing. In  fu tu re  these p apers  will be p resen ted  a t  
th e  end  of th e  year, i.e ., abou t fou r or five 
m onths a f te r  th e  end  of th e  courses. They will 
have to  be m ade in  p r iv a te  shops w here the  
studen ts have been absorbed.

L ast year very in te re s tin g  papers were sub
m itted , and  am ongst others th e re  w ere : “ On a 
chilling  te s t fo r high-silicon cast irons ”  ; “  C hap
let-w elding in  iron  castings ”  ; “  Silicon-alu-
m in ium  alloys ” ; and “ The ‘ life  ’ of m eta ls .”

A t the  m om ent no build ings have been 
acquired, b u t use is m ade of lectu re  rooms a t th e  
Ecole N ationale  d ’A rts and  M etiers of P a ris , 
I t  is expected th a t ,  w ith  th e  help of all 
those in terested , th e  s tu d en ts  w ill be allowed 
to  use a p a r t  of th e  buildings now used for 
o th e r purposes. I f  so, th e re  will be available 
a splendid lectu re  and  work room, a lib ra ry  and 
sam ple room, a general laboratory , a balance 
room, a m etallography laboratory , a  sand labora
tory , a  research  laboratory , some offices, an d , in 
the  cellar, some space for heavy m achinery.

DISCUSSION.
M r. J o h n  C a m e r o n , J . P .  (P resid en t of th e  

In s ti tu te  of B ritish  F oundrym en), said  h is first 
feeling was one of envy th a t  F ran ce  h ad  got so 
fa r  ahead of us. The scheme which h ad  been 
described was very complete, beg inn ing  w ith  th e  
appren tice  and passing on to  courses of technical 
tra in in g , in which studen ts were encouraged to
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do independen t research. We were n o t co
o rd inated  in  so complete a m anner in  th is  country , 
though th e  education  of th e  m oulder and of th e  
appren tice  had  always been of trem endous in te rest 
to  th e  In s ti tu te  of B ritish  Foundrym en. T h a t 
in te rest, he believed, began w ith  th e  first P res i
den t, th e  la te  M r. R obert B uchanan. H e was glad 
to  notice th a t  th e  B irm ingham  B ranch was tak in g  
a keen in te re s t in  th e  apprentices, and he urged 
employers to  give th e  work every support in  th e ir  
power. H e adm itted  t h a t  th e  foundry  industry  
was asleep for m any years, b u t some te n  years ago 
i t  w akened up. The world w ar came along, and 
foundrym en were asked to  do th ings th a t  they  had 
never done before. They were asked to  m ake iron 
to  special tes ts, and  th ey  rose to  th e  occasion. 
H e believed th a t  they  were on th e  eve of im prove
ments, and th a t  th e  castings for in te rn a l combus
tion  engines, locomotives, w arship engines, etc., 
would require  to  be m ade to  h igher tes ts th an  had 
ever before been requ ired . F o r th a t  reason, if 
for no o ther, he considered th a t  th e  work being 
done by th e  In s titu te  of B ritsh  Foundrym en and 
the  C ast Iro n  R esearch Association was invaluable. 
Theirs was a splendid c ra ft, calling for skill and 
resource and th e  facing of difficulties.

Junior Technical Schools.

M e . A. S. B a r n e s  (Senior Inspector of th e  B oard 
of E ducation) said th e re  m ust be co-operation^ 
between the  tr a d e  itself and the  schools if there  
was to  be a w orthy system of education for th e  
foundry  trad e . W e h ad  in  th is  country  a ty p e  of 
school which, so fa r  as he knew, did no t exist in 
F rance, and th a t  was th e  ju n io r technical school. 
The ju n io r technical schools took boys a t  th irteen  
years of age from  th e  elem entary schools, and for 
two, and in some cases for th ree, years gave them  
a full-tim e day tra in in g  in m athem atics, draw ing, 
mechanics, science, and  in  m anual in struction  in 
th e  wood w orking and m etal w orking shop. Such 
boys were very efficiently tra in ed , and when they 
got in to  th e  works would develop in to  charge 
hands, forem en, etc.

I f  th ey  w anted the  services of a h igher grade of 
boy th a n  they  were g e ttin g  a t  p resen t they  would 
have to  show paren ts and th e  boys themselves th a t
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th ere  was some so r t of a career open to  them . 
They m ust show th a t  as th e  rew ard  of ab ility  and 
hard  work th e re  was a chance of a tta in in g  a good 
position. Some modest levy in  a cen tre  such as 
B irm ingham  would enable them  to  establish  a 
model foundry  o r to  establish  in  some ex isting  
foundry  a day on which appren tices oould go for 
tra in in g . In  th e  B irm ingham  M unicipal Tech
nical School and in  th e  Technical Schools a t  
H andsw orth , Aston and  W olverham pton, th e re  
were foundries and fac ilities for tr a in in g  in 
foundry  work, although u n fo rtu n a te ly  they  w'ere 
no t fully  tak en  advan tage  of by th e  in d u stry . B ir
m ingham  seemed to  be a very excellent cen tre  for 
in itia tin g  an experim ent, both on account of th e  
num ber of foundries and because of th e  progres
sive charac te r of th e  people.

Mb. J o h n  D. G o o d w i n  (V ice-President of th e
I .B .F .)  said th e  eng inee ring  profession was over
stocked a t  the  m om ent, while in  th e  foundry  tra d e  
th ere  prom ised to  be good openings for professional 
foundrym en—he d id  n o t m ean pure ly  academ ic 
people, b u t men who com bined both  p rac tica l and 
theore tica l qualifications. E v ery th ing  po in ted  to  
a g rea te r scope for cast iron  in  th e  fu tu re . E x 
p erts  had  qu ite  recen tly  v isited  th e  C o n tin en t to  
see w hat progress had been m ade, and  th ey  had  
brought back a g rea t deal of in form ation . G ener
ally speaking, he did no t th in k  th is  coun try  had 
m uch to  fear. H e believed F ran ce  was a li t t le  b it 
ahead of them  in th e  work th a t  had been described, 
though in th is  coun try  th ere  were ce rta in  technical 
schools which were nearly  covering th e  g round , 
although they  were no t specialising solely in  fo u n 
dry  work. So fa r  as cast iron  research  was con
cerned the  C on tinen t had  n o t gone fa r  beyond 
w hat was known here, excep t in  isolated cases. H e 
advocated th e  encouragem ent of b e tte r  work by 
th e  paym ent of bonuses. I t  did  no t follow th a t  
th e  best teacher was a  good w orkm an. The best 
w orkm an was a m an  whose whole m ind was con
cen tra ted  on his job, and he very o ften  had  n e ith e r 
th e  ab ility  npr th e  patience  to  ta lk  abou t it . R e 
fe rrin g  to  th e  fea r of losing lads a f te r  a  g re a t 
deal of tim e  and  troub le  had  been expended 
on in s tru c tin g  them , he said his experience d u ring  
th e  p ast 25 years was th a t  they  would n o t leave if
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they could be made to  appreciate  w hat they were 
doing and why they  were doing it.

M r . J .  E . F l e t c h e r  expressed th e  opinion th a t  
M r. R onceray had  outlined  a scheme which 
m ight be very well regarded  as a p a tte rn . I t  was 
quite  tru e  in th is  country th a t  we had  technical 
schools and ju n io r technical schools, b u t they  were 
no t doing for th e  foundrym an exactly w hat was 
w anted. They were n o t doing all th a t  m ight be 
done to  secure th a t  fusion between the  scientific 
and th e  prac tica l side which ought to  exist. They 
seemed to  im agine th a t  th e  foundry  lad was in 
capable of learn ing  th e  elem entary principles of 
science. T ha t was n o t tru e . H e had had to deal 
w ith hundreds of them , and m any of them  had 
made them selves proficient in science. I t  was 
encouragem ent th a t  th e  lads needed. Those who 
employed them  m ust believe in them , and th ere  
m ust exist a personal contact. H e had been im
pressed w ith  th e  personal re lations existing 
between the  heads of firms and th e ir  men in 
America. W hen once a young fellow got tho r
oughly en thusiastic  about foundry  m atte rs  he had 
en tered  upon a  new era. H e th o u g h t M r. Ron- 
ceray’s address would m ake all of them  ask them 
selves : “  W here do I  s tan d ; do I  know as much as 
I .o u g h t  to  know as forem an, m anager, o r as th e  
owner of a foundry? ” They could no t expect to  
see th e  advancem ent of the  craftsm an unless they 
them selves took the  in te lligen t in te rest in th e  work 
which made them  themselves experts. He hoped 
we should soon see in  th is coun try  evidence th a t  
b e tte r  educational facilities were capable of pro
ducing clever moulders as well as clever craftsm en.

D r . R. S. H u t t o n  (D irector of th e  N on-Ferrous 
R esearch Association) said he fe lt th a t  th e  unique 
h igher education  described by M r. Ronceray 
deserved all the emphasis th a t  could be given to  it. 
I t  was in th a t  direction, he was sure, th a t  we 
w anted to  keep our eyes very clearly fixed. One 
of ou r weaknesses lay in the  fac t th a t , compared 
w ith  some o ther nations, we had no t been absorb
ing men of h igher education in ou r industry . I f  
we had an oppo rtun ity  of establish ing in th is coun
try  some such scheme of h igher education in foun
dry work as M r. Ronceray had  described, he felt 
sure it  would go a long way tow ards helping us in
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th e  o ther problem of th e  appren tices’ education . 
F o rtu n a te ly  science and education  had  no' na tio n a l 
fron tie rs, and  we were free to  ex tend  o u r experi
ence as much as possible, b u t he fe lt th a t  m any in 
the  p a s t had failed  to- app rec ia te  th e  enorm ous 
fund  of experience and knowledge which was 
available in  F rance.

D r . F .  J o h n s o n  said th a t  he welcomed M r. Ron- 
ceray’s address as an event which gave every pro
mise of being epoch-m aking. There had  been too 
g re a t a  tendency  in  G reat B rita in  to  le t th ings 
d rif t , in  m atte rs  concerning the education of foun
d ry  workers, in  th e  hope th a t  (to use th e  le c tu re r’s 
n a tiv e  tongue) “  la chose d ’elle-meme se fe ra .”

So fa r  as he could see, th e re  was no lack of in 
te re s t on the  p a r t  of educational au th o rities . F or 
his own departm en t he could speak em phatically , 
and  say th a t  considerable and  ea rn es t a tte n tio n  
had  been given to  th e  special requ irem en ts of 
foundry  studen ts. Classes for iron founders had  
been successful in  th e  past, b u t had  perforce to  
be discontinued because of th e  lack of studen ts. 
H e had  th is  session s ta rte d  a class in  F oundry  
M etallurgy, under th e  able control of M r. A rth u r 
M arks, A .R .S .M ., and, although  th e re  was li tt le  
response a t  first, th e  class had  steadily  grown in 
num bers as i t  became m ore widely known.

H e fu lly  realised  th a t  th is  was only a first step , 
b u t such a class could be very  helpful to s tuden ts  
whose education  was of a su itab le  s tan d a rd  to  
enable them  to  tak e  advan tage  of the  in s truc tion  
given. H e looked hopefully for a lead from  foun
dry owners, and he th o u g h t th a t  a scheme which 
enabled a foundry  lea rn er to  a tte n d  p a rt- tim e  day 
classes would prove to  be th e  m ost advantageous 
and  efficient.

The tra in in g  of hand  and eye in th e  works foun
dry  would go on side by side w ith  th e  scientific 
tra in in g  of th e  m ind  in  th e  class-room, th e  two 
form s of learn ing  being com plem entary, conducive 
to  efficiency and con tribu to ry  to  th e  acquisition  of 
an  experience of en d u rin g  usefulness.

The fusion of th e  p rac tica l and  scientific o u t
look in one b ra in  seemed to  be the  ideal s ta te  a t 
which we should aim . Moreover, th e  occasional 
relief afforded by day-tim e in s truc tion  a t  th e  
school would have an ex h ila ra tin g  effect.
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I t  would not be possible for every learner to  pass 
on to  th e  highest forms of in struction . E xam ina
tions and te s ts  would sort o u t the  b rig h te r in te l
lects from  th e  o thers, b u t none of th e  work of t r a in 
ing  need be abortive.

The speaker expressed the  hope th a t  foundry 
owners would ex tend  every possible encouragem ent 
to  th e ir  young employees to  tak e  advantage of any 
scheme o f tra in in g  which m ight, w ith  th e ir 'a p p ro 
va l and  co-operation, be arranged .

A scheme fo r g ran tin g  certificates in m etallurgy 
had  already  been approved and p u t  in to  operation  
in  h is departm en t. There would be no difficulty in 
providing, as a lte rna tives  to  some of th e  courses 
in  th e  curriculum  of th a t scheme, classes in  foun
dry  subjects.

H e  expressed reg re t th a t , owing to  a very press
ing  engagem ent, D r. Sum pner had  been unable 
to  s tay  for th e  discussion.

M b . F . *J. C o o k  (C hairm an of th e  R esearch 
C om m ittee, B ritish  C ast Iro n  R esearch Associa
tion ) though t th e  ou tline  which M r. Ronceray 
had  given of a  syllabus fo r th e  tra in in g  of 
appren tices would be most useful. One fe a tu re  
of M r. R onceray’s  scheme which had  con tri
buted to  its  success was th e  fac t th a t  they  had 
n o t a ttem p ted  to  teach  every th ing  in  connection 
w ith  th e  foundry  by one m an. In  his opinion 
one of th e  weaknesses of schemes in  th is  country  
was th a t  th e  reverse  was th e  case. H e was not 
saying any th ing  derogatory  of th e  teachers in 
th e  technical schools, bu t i t  was obvious to  anv- 
one who had  had  to  deal w ith  technical m atte rs  
as applied to  everyday work th a t  i t  was impos
sible to  find any one m an who could teach  everv- 
th in g  in  th e  way of applying science to  p rac tica l 
work. There were p len ty  of foundrym en in  the 
county perfectly w illing free o f cost to  undertake  
a few lessons or lectures in  some special subject 
in which they  had specialised. "With regard  to  
th e  ju n io r section which th ey  h ad  s ta rte d  in 
B irm ingham , i t  had been hoped th a t  th e  section 
would have been in th e  hands of one of th e  best 
men in th e  world, he thought, the  la te  R obert 
B uchanan. H e (M r. Cook) was try in g  to  step 
in to  th e  breach, and he hoped th a t evervone w ith 
youths under th e ir  control would send them  along.
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M r . V. O . F a u l k n e r  (Sr. V ice-P residen t I .B .F .)  
expressed th e  belief th a t  in  sp ite  of the  excellent 
system which had  been organised  in  F ran ce  by 
M r. R onceray more money had  been spen t in  
G rea t B rita in  on foundry  education  th a n  in  
F rance. W hat was m ainly requ ired  here  was 
co-ordination. M any efforts w ere being m ade 
th ro u g h o u t G rea t B rita in , an d  probably w hat 
would m eet th e  im m ediate needs of th e  in d u s try  
was th e  in s titu tio n  of a na tio n a l exam ination . 
W ith  sufficient enthusiasm  for th e  object such 
an exam ination  could easily  be established, and 
he was of opinion th a t  th e  necessary enthusiasm  
would be forthcom ing from  th e  whole of th e  
foundry  d is tr ic ts  of the  country . F o r instance, 
he believed th a t  e ither Sheffield or B irm ingham  
U niversity , o r th e  C ity  and  G uilds, could 
organise and supervise a  na tio n a l exam ina tion  to 
be held  in  all th e  various centres. T h a t, h e  was 
convinced, would m eet im m ediate needs, because, 
a f te r  all, we h a d ’ in  G rea t B r ita in  a very la rge  
num ber of em inen t foundrym en, and  i t  would be 
well to  ask ourselves how they  a tta in e d  ttha t 
position. I f  th ey  h ad  a N ationa l E xam ina tion  
Board i t  would g rea tly  enhance th e  s ta tu s  of the  
foundrym an.

M r . J .  G. P e a r c e  (D irecto r of th e  Briti&h C ast 
Iro n  R esearch A ssociation) sa id  th e re  w as no 
doubt as to  th e  m agnitude of th e  problem  before 
them . I t  was agreed th a t  th e re  was a  shortage 
of skilled men and an  equal shortage of men who 
could ta k e  im p o rtan t m anagerial positions. I t  
would be possible to  ge t boys in to  th e  foundry  
tra d e  if  schemes were developed fo r teach ing  th e  
tra d e  thoroughly to  all comers and  to  m ake i t  
easy for th e  m ore am bitious boys to  reach  th e  
h ighest positions in  th e  in d u stry . A ppren tice
ship and shop in s tru c tio n  m ust go h and  in  hand  
w ith part-tim e  teach ing  in  th e  techn ica l schools. 
H e w anted  qu ite  unofficially to  m ake a  ra th e r  
revo lu tionary  suggestion. I t  was th a t  condition
ally on p a rt- tim e  a ttendance  a t  th e  technical 
school th e  S ta te  should m ake a  g ra n t to  properly 
tra in ed  appren tices. To h is m ind an im p o rtan t 
fe a tu re  of th e  school in P a ris  was th a t  i t  b rought 
together under one roof and compelled them  to  
ru b  shoulders, th e  am bitious a rtisa n  who h ad  
come up from th e  bottom  and had been th rough
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th e  shops and the U niversity  and technical high 
school g rad u a te  whose prac tica l tra in in g  had been 
lim ited. The in d u stry  needed both classes of 
men, and he th o u g h t th e  form ation of a school 
in th is  coun try  would be justified  on th a t  ground 
alone. Such a school would have to  be provided 
jo in tly  by th e  B oard of E ducation  and  the  
employers. The la tte r  m ust find the  money 
jo in tly  w ith  th e  S ta te  and th e  school m ust be 
conducted, so fa r  as th e  actual teach ing  was con
cerned, by men from  th e  industry  itself. There 
would, be a Foundry  E xhibition  in  London next 
Ju n e , in connection w ith which th e re  should be 
a com petition of a  p ractica l ch arac te r for 
moulders, core m akers and p a tte rn  makers. H e 
suggested th a t  th e  six men who did best in those 
com petitions should be perm itted  to  compete 
among themselves for a scholarship which would 
e n title  th e  best m an, th e  s ta r  young foundry- 
m an of G reat B rita in  for th e  year,, to  a period 
of tra in in g  a t the  F rench Foundry  H igh School. 
H e suggested th a t  i t  should cover a  period ef 
e ighteen m onths and probably £150 would cover 
th e  expense. Six m onths would be necessary to 
leam  the  language, th e re  would be six m onths’ 
tra in in g  a t  th e  school and six m onths to  complete 
th e  prac tica l tra in in g  for th e  Foundry  H igh 
School diploma. The money should be jo in tly  
found by th e  Research Association, th e  In s titu te  
of B ritish  Foundrym en and th e  Foundry  E quip
m ent and Supplies Association.

M e . D. H . W o o d  though t the best thanks th a t 
could be tendered  to M r. Ronceray would be to 
p u t a sim ilar scheme in to  operation  in  th is 
country. H e moved a resolution to  th e  effect 
th a t  th e  m eeting, hav ing  heard  w ith  g rea t 
in te re st and satisfaction  M r. Ronoeray’s des
crip tion  of th e  tra in in g  of apprentices and 
foundry operatives, approved of th e  form ation of 
a  C om m ittee to  be constitu ted  to  p rep are  a 
scheme for sim ilar tra in in g  in th is country and 
prom ising full support for the project.

The m otion was seconded by M r. Beech and 
carried .

R eplying to  some of th e  points raised  in the 
discussion, M e . R o n o e e a y  said  he did no t agree 
th a t  th e  tra in in g  of apprentices could not be
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properly  carried  o u t in  sm all shops. H is ex p eri
ence was th a t  in m any cases the  best appren tices 
came from  sm all shops w here adequate  m ethods 
had  been employed. H e welcomed th e  suggestion 
made by M r. P earce  th a t  a  boy should be sen t 
over to  P a ris . They w ere n o t selfish, he sa id ; 
th ey  were anxious to  have rep resen ta tiv es  of 
o ther nations. D uring  th e  first year they  had  a 
S pan iard , in  th e  second year a S pan ia rd  a n d  a 
Czecho-Slovakian, and they  were very anxious to 
have a B ritisher.
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Newcastle Branch.

THE PATTERNMAKER AND SOME OF HIS WORK.

By S. Carr, Associate M em ber.
An observer of th e  various classes of workmen 

en te rin g  and leaving th e  workshops of our engi
neering  factories will doubtless have noticed the 
change, in  com paratively recen t years, in  th e  size 
of th e  tool-box which shadows th e  p a tte rn m ak er 
from  one place of em ploym ent to  another. H is 
box is sm aller and  con tains less of th e  tools carried  
by h is forbears, also those he does ca rry  are  
lig h te r in w eight and a re  often  in com bination 
form . An old-tim e p a tte rn m ak e r’s tool-chest, 
w ith  its skew and  skip jack  planes, thum b planes 
and  ploughs, bow and keyhole saws, handscrews, 
e tc., would be a  chest of curios to  m any. In  th e  
old days he carried  every th ing  w ith  him , except 
th e  workshop, and no doubt his tool-chest would 
have m ade a good su b s titu te  even fo r th a t .

I t  m ust n o t he th ough t th a t  only th e  modern 
developm ent of hand  tools accounts for the  
change, b u t ra th e r  th e  g re a te r  developm ent and 
use of m achinery in th e  patternshops of to-day. 
There still a re  shops, however, where m en a re  ex
pected to  provide all, and a re  expected to  give a 
good account of them selves in  sem i-darkness and 
a  dust-laden atm osphere. I f  efficiency is to  be 
expected then  a  m an m ust be given* good con
d itions, p lenty  of ligh t, and a  good supply of clean 
a ir m ust be m ain tained  a t  a reasonable* tem pera
tu re . I t  is impossible to  work w ith edged tools 
and num b fingers, o r if one has to  perform  a 
series of physical je rk s  to  stim u la te  circulation . 
A patternshop  should be well lighted , and not 
too low, efficiently heated , and should contain 
ap p ara tu s  for rem oving the  shavings and dust 
from  th e  m achines. Cleanliness is essential.

The m achinery should be such as to  elim inate  
as m any h and  operations as possible, such as 
p laning, saw ing, sandpapering  and tu rn ing . 
T here a re  o th e r operations, such as are  involved 
in  corebox construction , th a t  can now he p e r
form ed by m achinery, examples ef which will be
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referred  to la te r. I t  is necessary th a t  p a tte rn -  
shop m achinery  should be a t  least in  as good a 
condition as th e  best used in  th e  fitting  shop, and 
too much emphasis cannot be la id  on th is  po in t.

All w ood-cutting m achines a re  dangerous, and 
if n o t k ep t in first-class condition  th e  danger is 
m ateria lly  increased and the  full advan tage  of th e  
m achine is lo s t; for exam ple, when th e  glass p ap er 
on th e  sander is worn e x tra  p ressure m ust be

F i g . 1 .— M e c h a n ic a l  W o o d w o r k e r .

applied and th e  resu lt is a scored and b u rn t su r
face on th e  wood. A gain, if th e  c u tte rs  on th e  
p lan ing  m achine a re  not ground and se t tru e  the  
wood comes off tapered  and so requires hand-dress
ing. W ith  a sharp  handsaw  one can c u t very 
close to th e  line, and only a ligh t co n tac t w ith  the 
sander disc, o r bobbin, is required  for finishing, 
b u t when th e  saw is not in good condition  a good 
m arg in  m ust be le f t  and th e  work ground down 
to  size on th e  sander.

Necessity for Broad Knowledge.
Assum ing th a t  th e re  is th e  desired  shop and 

m achinery, w hat of th e  p a tte rn m a k e r?  A good 
p a tte rn m ak e r is no t one who is skilled only in  th e
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use of hand tools, b u t one who is also skilled in 
th e  use of machines, and who is able so to con
s tru c t his work as to  get th e  best results from 
m achinery. H is calling  also demands th a t  he 
should have a  good knowledge of woodcraft, 
coupled w ith ability  to  read  w orking draw ings of 
both th e  orthodox and unorthodox types; he m ust 
possess a good knowledge of geom etry and m achine 
construction , and, m ost im p o rtan t of all, he m ust 
possess th e  ab ility  to  visualise th e  p a tte rn  
from  a  draw ing. To th is  may be added a  quota
tion  from  a  recen t pub lica tion : “ A good p a tte rn 
m aker m ust be a good m oulder.”  I t  is possible, 
by concentration  of m ind, actually  to  see th e  p a t
te rn  and  casting  if th e  elem entary rules of m a
chine draw ing a re  thoroughly m astered, and all 
classes of appren tices should be encouraged in th is 
direction . Both th e  p a tte rn m ak er and moulder 
requ ire  h igher p rac tica l and technical tra in in g , 
p articu la rly  in each o th e r’s sphere of w ork; they 
a re  in terdependen t, so th a t  i t  is insufficient for 
th e  pa tte rn m ak er to understand  moulding, b u t i t  
is necessary for th e  m oulder to  unders tand  pa t- 
te rnm ak ing .

A p a tte rn m ak er who understands p a tte rn - 
m aking alone is analogous to  the m oulder who 
understands ju s t  one ty p e  of moulding. B oth, if 
they  wish to  succeed, m ust ge t ou t of th e ir w ater
t ig h t com partm ents and increase th e ir  knowledge 
of th e  m odern developm ents in  each o th e r’s work, 
and in  engineering  generally. I f  i t  is accepted 
as a fac t th a t  th e  p a tte rn  is indispensable to  the 
m oulder i t  follows th a t  the  p a tte rn m ak er is essen
t ia l  to  th e  p roduction  of castings, and, conse
quently , his knowledge of foundry work is most 
necessary. H e should understand  more th an  
m oulding operations alone. H e should in te re s t 
himself in th e  various types of moulding, the  com
position of th e  various sands and th e  effect of 
h e a t upon them  ; th e  m etal p u t in to  th e  mould, the 
cupola; in short, in “ m etal founding.”

The degree of accuracy now dem anded from the 
p a tte rn m ak er and moulder and the  in tricacy  of 
castings used in  modern engineering  m ake i t  im
pera tive  th a t  a t  least a general knowledge of the  
function  of any p a rticu la r casting  should be 
known, for such inform ation will assist in deciding
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th e  m ethod and ty p e  of moulding, m achining 
allowances and ce rta in  tolerances. N o t only is 
th is  knowledge helpful in  production , b u t i t  is both 
in te re s tin g  and in s truc tive , and relieves the  mo
notony  of fac to ry  life. This knowledge m ay be 
readily  obtained, fo r i t  is difficult to  conceive of 
any branch of eng ineering  upon which i t  is no t
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F i g .  2 .— M e c h a n i c a l  W o o d w o r k e r  W o r k i n g  w i t h  
t h e  S p i n d l e  H o r i z o n t a l l y .

possible to  ge t cheap in s tru c tiv e  l i te ra tu re  w ritten  
in such a m anner as to  be in te re s tin g  and  easily 
understood.

H igh-class Patterns Necessary.
T urn in g  now to  th e  work of th e  p a tte rn m ak e r, 

some men have spen t th e ir  lives on one class of 
work only, la rge  o r small, o r in  a p a rtic u la r  b ranch  
of engineering , w hile o thers have had  a  good 
general experience, b u t if a  m an has a  thorough 
knowledge of th e  sub jects th a t  have been 
enum erated  th en  he can very quickly a d a p t him 
self to  any class of pa tte rn m ak in g .
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F i g . 3 .— S e ï i i - A c t o ü a t i c  U m v e r s a l  W o o l  M i l l e r .
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Being th e  e ra  of m odern labour-saving devices, 
brough t to  a high s ta te  of efficiency, th e  dem and 
for “ apology p a tte rn s  ”  should no longer ex is t. 
Skeleton o r tem p la te  p a tte rn s , except in  very  ex
ceptional cases, should be com m itted w ithou t ce re 
mony to  th e  cupola, an d  w ithou t th e  op tion  of re 
suscita tion . Indeed, if th e  g rea test possible advan
tag e  is to  be tak en  of th e  m odern m oulding 
m achines li t t le  short of th e  p erfec t p a tte rn  will 
suffice, and  w ith m odern p a tte rn sh o p  equ ipm en t 
th e  m ajo rity  of o ld-tim e argum en ts for a  “ m ake
sh if t  job  ”• no longer exist. Time unnecessarily  
spen t on finishing and m ending a  mould due to  
a shoddy p a tte rn  is lost tim e, and  is a  d irec t 
charge ag a in s t th e  p a tte rn sh o p , and  th is  is only 
too often  overlooked. Surely th e  final cost of a 
casting  is of more im portance th a n  th e  p a rtic u la r  
d ep a rtm en ta l cost.

W here scan tlings a re  reduced to  th e  m inim um , 
and only a  sm all m arg in  is allowed fo r casting  
w eights over estim ated  w eights, i t  is essen tia l for 
th e  m oulder to  have an  accurate  p a tte rn , no p a rts  
being le f t for him  to  carve o u t of th e  mess which 
usually rem ains a f te r  w ithd raw ing  ce rta in  types 
of p a tte rn s  w ith  which he is pa in fu lly  fam iliar.

U se of Modern M achinery.
U n til q u ite  recen tly  m uch of th e  work in the  

p a tte rn sh o p  has been in  th e  n a tu re  of handw ork, 
and w ith  th e  object of reduc ing  th is , core fram es, 
strickles sw eeping boards for sand-m oulding, 
loam  p a tte rn s , th icknessing  th e  mould, loam core 
boxes, and  o ther methods w ere in troduced , th u s  
tra n s fe rr in g  a  large am ount of p a tte rn  and  core
box m aking  to  th e  foundry . These m ethods, while 
doubtless effective in  th e ir  ob ject of p rov id ing  cast
ings, do n o t pe rm it of a very h igh  degree of 
accuracy, and  liberal m achining allowances become 
necessary, while one has n o t to be too c ritica l of 
th e  appearance of th e  casting , nor too  ex ac tin g  
d u rin g  ca lib ra tion . Such castings would n o t be 
to le ra ted  in m any classes of work to-day, and the  
p a tte rn m ak in g  has to  be done in th e  patte rn sh o p .

The ever-increasing dem and to  do w ork m echani
cally caused woodworking m achinery  engineers to  
m ake a  special s tudy  of p a tte rn sh o p  requirem ents, 
and  th e  resu lt is th a t  to-day th e re  a re  m any first- 
class m achines which reduce h and  labour in  th e
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patternshop  to a m inim um. The circular saw, 
handsaw, p lan ing  m achine and wood grinders are 
all very efficient machines, b u t th e  varie ty  of 
work produced is very lim ited, and i t  is owing to  
th is  lim ita tion  th a t  th e  m echanical woodworkers 
have been evolved.

The M echanical Woodworker.

Fig . 1 shows one of these machines, which is 
adap ted  to  c u t e ith e r p a tte rn s  or core boxes. The 
c u tte r  is shown in  the  vertica l position, while on 
th e  tab le  of th e  m achine is a  bend pipe p a tte rn . 
As th e  c u tte r  revolves th e  tab le  is moved so as to  
cu t th e  s tra ig h t portion  of th e  p ip e ; b u t on reach
ing th e  cen tre  of th e  rad ius th e  tab le  is locked 
and is th en  ready  for tu rn in g , thus enabling  the 
bend portion  to  be cu t. On reaching th e  s tra ig h t 
portion  again  th e  locking gear is released and the 
tab le  moved, th u s  enabling th e  inside half of the  
p a tte rn  to  be com pleted. The ou ter o r convex 
half of th e  bend is completed in a sim ilar m anner. 
The corebox is tre a te d  in th e  sam e way, only 
th e  shape of th e  c u tte r  is reversed. The g rea t 
fe a tu re  of th e  m achine is the  num ber of operations 
tb a t  can be perform ed by simple movements. Tbe 
base of th e  tab le  can be easily moved along th e  
runw ay and th e  tab le  is so constructed th a t  add i
tional m ovem ent may be had in  th e  same direc
tion , also in  a  transverse  d irection . I t  can also 
be tu rn ed  completely round, so enabling circular 
work to  be completed a t  one se ttin g , while th e  
heigh t of th e  tab le  may be a ltered  to  su it the  
work in progress. The c u tte r  spindle can be 
raised  or lowered as desired, while the  fine ad ju s t
m ents perm it of th e  highest degree of accuracy. 
The spindle may be tu rn ed  th rough  an angle of 
90 degrees, and can be locked a t  any in term ed ia te  
angle, so enabling  ta p e r to  be cu t on a p a tte rn  
a t  one operation . F ig . 2 shows the  spindle in  a 
horizontal position. W hen it  is desired to  cu t 
long boxes of large d iam eter a boring bar is used, 
which has one end a ttached  to  the  spindle, the  
o ther end being supported  by means of a suitable 
s tandard .

An Im proved Woodworker.

A recen t developm ent on th e  preceding ma
chine is shown in  F ig . 3. I t  is known as the
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F i g . 4 . A n o t h e r  V i e w  o f  t h e  M a c h in e  s h o w n  i n  F i g . 3 .



401

“  Sem i-A uto U niversal Wood M iller,” and is 
adap ted  for la rg er and heavier classes of work. 
W hile possessing th e  sam e fea tu res as th e  “ Me
chanical W oodworker ” th e re  a re  additional 
advantages. All operations can be controlled from 
th e  fro n t of th e  m ach in e ; i t  will also he noticed 
th a t  th e  spindle is below the  level of the overhung 
arm , which obviates th e  necessity of using a boring 
bar when c u tt in g  long-core boxes. The c u tte r  
spindle is gear-driven, and can be reversed or 
stopped a t  will, while th e  speed is controlled to  
su it th e  size of c u tte r  used.

F i g . 5 .— W o od  T u r n o v e r  B o a r d  w i t h  M e t a l  
D o w e l  P l a t e .

A nother fe a tu re  of im portance is th e  “  P a te n t 
Revoluble C u tte r  H ead ”  (not shown in the illus
tra tio n ). This perm its of a cu tte r  to be operated 
w ith its  axis a t  r ig h t angles o r parallel to  the  
surface of th e  work, which is a g rea t advantage 
when c u ttin g  pipe coreboxes of large d iam eter. 
A nother view of th e  sam e machine is shown in 
F ig. 4. A half-corebox for a globe valve, having 
a maxim um  diam eter of 1 f t ., can be .finished on 
a good m achine in about one hour, while bend 
p a tte rn s  and coreboxes, valve coreboxes, eccen
tr ic  sheaves, liners, bushes, etc., can be completed 
in a m a tte r  of m inutes if in the hands of a skilled 
operator.

There a re  several additions provided w ith these 
machines for c u ttin g  spur and bevel-wheel p a t
te rn s, m itre  wheels, and also worms and worm
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gears. The feed and tim ing  gear for cu ttin g  such 
wheels is m ost accurate , while they  can be cu t 
in a frac tion  of th e  tim e  tak en  by hand . M uch 
tim e can also be saved by considering th e  con
stru c tio n  of a  corebox or p a tte rn  so th a t  th e  
g rea tes t benefit can be derived from  th e  m achine.

I f  th e  cu tte rs  are  k ep t in p erfec t condition th e  
p roducts of these m achines requ ire  very  li t t le  
finishing a t  th e  bench, while th e  tim e saved easily 
disposes of th e  crude foundry-m ade p a tte rn , and

makes a  woodworking m achine alm ost indispens
able in  th e  pa ttem sh o p .

H av ing  seen som ething of w hat can be accom
plished by th e  use of m achinery  in th e  p a tte rn -  
shop, the  “  B u ild ing  M ethod ”  of tee  pieces, 
bends, e tc ., may be illu s tra ted  in  a  p rac tica l 
m anner. (The au th o r here  illu s tra ted  th is  section 
of th e  P ap er by w orking models.)

As th e  tendency  of presen t-day  p rac tice  is to  
s tandard ise , m any p a rts  of pipes and  pipe con
nections a re  of s ta n d a rd  section. U p to  certa in  
pressures th e  m etal is of a constan t th ickness, fo r 
a oerta in  bore, while th e  flange th ickness, d ia
m eter, num ber and  d iam eter of bolts a re  also 
c o n s ta n t; consequently, if a te e  piece of any

F i g . 6 . — B r a s s  D o v e t a i l s .

A M odern Method of C onstruction.
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given d iam eter is required  for a c e rta in  pressure 
a s tan d a rd  p a tte rn  and  corebox is made.

In  pipe lines such as boiler-feed, bilge, oil and 
lub rica ting  systems i t  is frequently  found neces
sary  to  v a ry  th e  d iam eters of th e  pipes, and  so 
th e re  m ay be a  3 in . x 3 in. x 2 in. tee  piece 
o r 5 in. x in . x 3 in ., and so on. I t  is then  
th a t  a g rea t m ultip lic ity  of p a tte rn s  accum ulates 
and th e re  is also th e  tendency for the  use of the  
skeleton ty p e  of p a tte rn  to  be persisted  in .

In  th e  3 in . x 3 in . x 2 in. te e  piece th e re  
a re  p a r ts  of a  3-in. s tan d a rd  and  a p a r t  of a

F i g . 7 .— S t a n d a r d  F l a n g e d  E n d  s h o w in g
D o v e t a i l .

2-in. s tan d ard , and when a  new p a tte rn  3 in . x 
3 in . x 2 in. is m ade there  is overlapping of p a t
te rn  and corebox construction , e x tra  sto rage is 
required , and  in  th e  la rger sizes of pipes th is  
m ust be of no sm all consideration. I f  instead  
of m aking com plete new stan d ard  p a tte rn s  they 
a re  m ade in  sections as illu s tra ted  (Figs. 7 and 
8), i t  will read ily  be seen th a t  by assembling the  
p a rts  required  from  each se t any desired com
bination  can be arrived  a t.

As will be seen from  th e  illu stra tions, the 
flanged portions are held m  position by brass dove
ta ils  (F ig . 6), while th e  cen tre  portion  is dowelled 
on to  th e  tu rnover board. The board, if of wood, 
has a m etal p la te  inserted , th e  p la te  being drilled 
w ith  holes from  a  j ig ;  th e  holes are  evenly pitched 
and  of such a d iam eter as to  su it th e  dowels 
(F ig . 5). W hen fixing th e  dowels on to  th e  p a t
tern  th e  d rillin g  jig  should be used, and any
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u n ce rta in ty  of th e  p a tte rn  fittin g  in to  its  plaoe 
is e lim inated . M oreover, if  several tu rn o v er 
boards a re  in  use th e  p a tte rn s  will be in te rchange
able, and any change of fo rm ation  of th e  p a t
te rn  can  be carried  o u t in  very sh o rt tim e.

The system  can very conveniently  be applied  to 
th e  m oulding m achine, only i t  is advisable to  use 
a  m etal p a tte rn  p la te . T he m odification requ ired  
for th e  p a tte rn  is th e  use of ano ther dovetailed  
piece in  the  end  flanges, as shown in sketch  No. 
10. This add itional dovetail is k ep t sufficiently

T i g . 8 . — C e n t r e  P o r t i o n  o p  T e e  
P i e c e  S h o w i n g  D o v e t a i l s  a n d  
D o w e l s .

long to  cover a t  leas t two dowel holes so th a t  
a f te r  p lacing  th e  special bolt in position  i t  is 
su re  to  su it a dowel hole. The special bo lt and  
wing n u t  a re  shown in  F igs. 11 and  12. I t  is 
possible by th is  m eans to  reconstruc t o r remove 
a  p a tte rn  from  th e  m achine in  abou t one m inu te . 
W here special p ipe connections a re  requ ired , such 
as Y pieces, d irection  pieces, e tc ., only th e  cen tre  
portion  requires to  be constructed , th e  flanged 
ends being used as before.

The coreboxes a re  a  very sim ple proposition , 
and  when m aking, say, the  3-in. te e  piece th e  
box should be m ade of a cross fo rm ation , as th is 
proves very convenient when cross connections are  
requ ired . _ The boxes can be quickly c u t on th e  
woodworking m achine, and in th e  case of the  
3 in. x 3 in. x 2 in. connection a  reducing  piece 
can be tu rn ed  in  th e  la the , screwed in to  th e  core
box and th e  m achine can cu t o u t th e  new 2-in.
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end (F ig. 13). F igs. 14 and 15 show various com
binations possible w ith the system.

Bend Pipe Patterns.
A pplying th e  “ B uilding M e th o d ” to  bend 

pipes use is m ade of th e  s tan d a rd  flange pieces, 
w hile th e  bend o r  cen tre  portion  is b u ilt up from  
a num ber of sections of a vary ing  num ber of

degrees. The num ber of sections for a complete 
set of a c e rta in  size of p ipe is seven, m ade up 
of 1, 2, 4, 8, 16, 32 and 64 deg., so th a t  i t  is 
possible to get any com bination of angles from  1 
to 127 deg. Each section has a  spigot on 
one ha lf and a  faucet on th e  other (F ig. 16). 
The tu rnover boards have a recess cu t, following 
the  rad iu s of the bend in to  which the  spigot half 
of th e  p a tte rn  is fitted (F ig. ¿6).

The coreboxes are constructed in degrees simi
la r to  th e  p a tte rn s , and a re  m ounted on boards 
having a recess as in  th e  p a tte rn  p late . Each



section of th e  corebox has a  sp igo t so th a t  th e  
whole can be assembled exactly  as th e  p a tte rn . 
In  m any  cases half-coreboxes w ill prove sufficient, 
both for bends and  branch  pieces. W here 
machine m oulding is adopted , i t  should be 
poin ted  o u t th a t , by hav ing  th e  holes arranged  
in th e  p a tte rn  p la te  so as to  be sym m etrical, and 
by using th e  d rilling  jig  and  s ta n d a rd  dowels, half- 
p a tte rn s  only may be employed, or by using  two
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F i g . 10.— S h o w i n g  A d d i t i o n a l  D o v e 
t a i l  f o r  M a c h i n e  M o u l d i n g .

half p a tte rn s  toge ther two complete castings can 
be produced.

The au th o r has endeavoured to  show som ething 
of w hat can be produced in a m odern p a tte rn shop  
by modern m ethods of production , and  also to  
draw  a tte n tio n  to a  system  of p a tte rn  con
struc tion , th e  p rincip le  of which i t  m ay be possible 
to  a d a p t to  o ther classes of work.

In  conclusion, th e  au th o r wishes to  th a n k  the  
W adkin  Woodwork M achinery Com pany, who so 
k indly furn ished  th e  slides specially fo r th e  P ap e r, 
and  also to  M r. H . B onner, of Messrs. G rey’s, of 
W est H artlepool, who gave him  perm ission to  
m ake use of th e  “  B uild ing  M ethod ” of tee  pieces 
and bends.
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DISCUSSION.
M r . J .  W. F r i e r  said he had seen som ething 

which h e  had  n o t seen before, namely, th e  con
s truc tion  of p a tte rn s  by th e  “ B uilding-up 
M ethod,”  although, of course, i t  m ight n o t be 
new to  some people. There were certa in  th ings 
M r. C a rr m entioned in  h is P ap e r which touched 
upon th e  question of th e  co-operation of the  p a t
te rn m ak er and  th e  foundrym an, and th e  desira
bility  of a b e tte r unders tand ing  and b e tte r  work-

F i g . 1 1 .— S h o w i n g  S p e c i a l  
B o l t  f o r  M a c h i n e  
M o u l d i n g .

ing fellowship between them . H e had heard  it 
said  th a t  th e  p a tte rn m ak er was the  man and th a t  
th e  m oulder only came nex t, b u t th e re  were also 
cases where th e  p a tte rn m ak e r was said to  be 
unnecessary. In  suoh a foundry  th e  moulders 
worked from  draw ings, and he had often  seen 
them  constructing  p a rts  of, say, a  cylinder p a t
te rn  o u t of a  block of loam. The body of the 
cylinder was sw ept o u t w ith strickles, bu t the  
o th er p a rts  of th e  coreboxes, he d id  no t see, and, 
therefore , w hether they  were p a r t  skeleton or 
otherwise he would not like to say.

Speaking from  th e  foundrym en’s point of view, 
he th o u g h t th a t  M r. C a rr’s method would be 
valuable and would save much tim e in  th e  case 
of a firm which dealt w ith s tan d ard  work, bu t 
th a t  i t  could n o t very well be adopted in  a place



1 inhbina work was d one  and where p a tte rn s  
whei© j ve o t as a  general ru le . H e  presum ed 
"vfnf the  m ethod in  question was designed for 
m achine m oulding. In  h is  opinion i t  would have 
to  be c h a n g e d  slightly  for c e r ta in  work. In  con
clusion he wished to  co n g ra tu la te  M r. C arr upon 
his very in s tru c tiv e  P ap er.

M r. H e r b s t  rem arked  th a t  one p o in t was not 
very clear to  h im , nam ely, how th e  p a tte rn  was 
fixed to  th e  p a tte rn  p la te  for th e  m achine, because 
i t  appeared  to  him  th a t  th e  n u ts  would g e t in  the 
way.

M r .  J .  M. S m i t h  sa id  he th o u g h t th a t  from  the 
rem ark s w hich had  been m ade i t  was im portan t, 
especially for th e  younger mem bers of th e  craft,
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th a t ,  as a  B ranch, they  should endeavour to  pay a 
v is it to  one of the  more m odern foundries of the  
d is tr ic t, i.e ., one which specialised in  machine 
m oulding.

As th e  lec tu re r had  explained, w ith machine 
m oulding i t  was only necessary to  use half the 
p a tte rn . In  th e  foundry  th e  m oulding box had 
to be m ade of un iform  ty p e  so th a t  top and bottom 
could be ram m ed off one half of the  p a tte rn . This 
applied no t only to  th e  p a rticu la r k ind of p a tte rn  
shown th a t  n ig h t, b u t to  all k inds of present-day 
re p e a t m oulding. I t  was a  m ost in te res tin g  suli- 
fect, and, to  th e  younger men who had been 
hi ough t up in a big jobbing foundry , where there 
was no rep e titio n  work, a v is it of th a t  n a tu re  
would be an education  in  itself
iyw u ' i >?' iT i l  ®co r?’ said tb e  “ B uild ing-up M ethod, which th e  lec tu re r had dem onstra ted
I ?  L Vel'y fHige ' r 0US,? n<:’ b u t> of course would 
only be useful w here th e  firm had  a good sj stem 
of s tan d a rd isa tio n . W ith o u t th a t  s tan d ard isa tio n  
i t  would be very difficult to  work i t  w ith  effect
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U nfortunate ly , th e re  were a good m any firms 
which had  n o t yet reached th a t  degree of s tan 
dard isa tion , b u t he qu ite  saw th a t  where th is 
ex isted  th e  method would be of g re a t value and 
would solve some of th e  more difficult questions in 
th e  pa tte rn shop .

T he Chairman said he though t th a t  th ere  was a 
s ta n d a rd  system  nowadays for th e  m aking cf pipes 
generally. There was also a  B ritish  stan d ard  for 
flanges, and  th is  ought to  reduce th e  am ount of 
p a tte rn s , which had to  be k ep t in stock.

Mr . C. Gresty said th a t  there  were one or two

F ig . 13.—Core Bo x : The R educed 
E nd is Shown by D otted L in e s .

sm all points which appealed to  him  in connection 
w ith M r. C a rr’s Paper.

H e believed he was rig h t in saying th a t  
a g re a t m any p a tte rn s  fo r rep e titio n  work 
were nowadays made in m etal, and  he 
would like  th e  lec tu re r’s opinion as to  how long 
a  m etal p a tte rn  would la s t as compared w ith one 
m ade of wood. F u rth e r, did th e  castings them 
selves show any im provem ent when a highly- 
polished m etal p a tte rn  was used? H e  was also 
w ondering who m ade these m etal p a tte rn s  and 
w hether th e re  was such a  person as a “ m etal 
p a tte rn m ak e r.”

A nother question he wished to ask was w hether 
th e  p a tte rn m ak er could help th e  foundrym an out 
of the  difficulty of having to  e lim inate  th e  use 
of chaplets? A foundrym an was nowadays often 
ordered to  m ake casL iron castings w ithou t chap
lets, and i t  s tru ck  him (the speaker) as being



,1 t-.ll o r d e r  in some cases. H ad  M r. C arrra th e r  a —  m  th a t  r6Spect? Could the
p r e s i z e  or leng th  of th e  core p r in ts  he altered  

tn help in  th is  m a tte r?  Take, fo r in stance , th e  
o r d i n a r y  globe valve which con tained  o n e  or two 
chaplets to  su p p o rt th e  core. Such castings, ne 
believed, could bs m ade w ith o u t chaple ts. Couia 
th e  le c tu re r te ll him  w hether, by a lte rin g  th e  core 
p rin ts , an y th in g  could be done to  give th e  cores 
s u f f i c i e n t  s tre n g th  to  do w ith o u t chaple ts?

In  conclusion, he said  th a t  in  common w ith  the 
o th e r speakers he had  been very in terested  in  
th e  P a p e r, and  i t  was th e  first one he had heard 
on p a tte rn -m ak in g  a t  any m eeting of the In s titu te .

Author's Reply.

In  reply  to  M r. F r ie r , w ith reg ard  to m aking 
cylinder p a tte rn s  o u t of blocks of loam, Mr. C arr 
said  he had  heard  of m any foundry  methods and 
w hat was possible in th e  foundry , b u t i t  was the 
first tim e  he had heard  of th is  being done. C ther 
foundries claim ed th a t  thev  could m ake pipes out 
of pieces of sticks. W ell, all he could say was 
th a t  he had  seen some of th e  pipes.

In  reply to  M r. H erbst, th e  degree of accuracy 
which a p a tte rn m a k e r could a t ta in  now was a 
li tt le  h igher a t  leas t th a n  th a t  of th e  preh isto ric  
m illw right. The p a tte rn s  could be m ade on the  
p a tte rn -p la te  so as to  g e t th e  two halves definitely 
iden tical. This could be done q u ite  easily w ith  a 
tu rn o v er board and, personally, he th o u g h t th a t  
th e  foundry  did n o t exp lo it th e  la t te r  to  th e  
e x te n t th a t  they  m ight.
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In  answ er to  th e  C hairm an’s rem arks with 
regard  to  th e  fixing of th e  p a tte rn  to  th e  p a tte rn - 
p la te , th e  lec tu re r said th a t , w ith a su itab le  pa t- 
te rn -p la te , th e  n u ts  d id  n o t ge t in  th e  way as 
they  were a rranged  so as to  be clear of the 
m achine table. W here the  casting  was sym m etri
cal, one h a lf-p a tte rn  only would be required, the 
to p  and bottom  of th e  mould being m ade from 
th e  one h a lf-p a tte rn . W here th e  p a tte rn  was n o t 
sym m etrical, however, i t  was necessary to  use two 
pa tte rn -p la tes , each having h a lf of th e  p a tte rn  
a ttached , or to  use the  two sides of th e  p a tte rn - 
p la te .

In  reply to  M r. G resty’s first question, m etal 
p a tte rn s  would las t a lifetim e, whereas, of course, 
wood ones would not, bu t, w ith ord inary  care in 
handling  a wood p a tte rn , i t  would las t any 
am ount of castings. H e though t th a t  one could 
get ju s t as clean a  mould from  a h a rd  wood as 
from a m etal p a tte rn , and did n o t th in k  there  
was any difference in  the  castings produced.

In  answer to  M r. G resty’s question as to  who 
m ade th e  m etal p a tte rn , he said i t  depended upon 
th e  d is tr ic t in  which one lived. In  some d is tric ts  
th e re  were men who did no th ing  else b u t make 
m etal p a tte rn s . In  a place where these p a tte rn s  
were n o t made as a general rule, however, the  
p a tte rn m ak er did th e  job if he could get it, b u t if 
th e  au tho rities  said  th a t  i t  could not be made in 
th e  p a tte rn  shop, then  i t  had to  go to  th e  fitting
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shop. I t  all depended upon which " a s  the

S tw X  i S d ^ f  'th e  e lim ination  of chaplets, 
w hilst th e  p a tte rn m a k e r could assist th e  f o u n J  
m an in  th a t  d irection , th e  eng inee r c o u l d  ass 
to  a g rea te r e x te n t hy designing th e  castin g  so 
th a t  chap le ts w ere n o t requ ired . The le c tu r® 
th en  illu s tra ted  on th e  board  how th is  could be 
done in  th e  case of th e  globe valve.

Vote of Thanks.
A h ea rty  vo te  of th an k s  was proposed to  the 

lec tu re r by M b . 0 . Gresty . Mr . F rier  seconded, 
and  said i t  was th e  first P a p e r of th a t  ty p e  which 
th ey  had  had , and  he was only sorry  th a t  there 
w ere n o t m ore p a tte rn m ak e rs  p resen t to take  
p a r t  in the  discussion.
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Wales and Monmouth Branch.

MAKING A MOTOR ROAD ROLLER.

By Ben Hird, M ember.
F ig . 1 illu s tra tes  a casting  for th e  h ind roller 

of a  B arford  Perk ins m otor road roller. I t  is 
4 f t . 6 in. long by 4 ft . d ia ., w hilst th e  thickness

F i g . 1 .— R o l l e r  f o r  M o t o r  R o ad  R o l l e r .

of the perifery  and ends is 2^ in. This casting 
weighs 3 tons, b u t la rger sizes weighing 5 to  6 
tons are  made. The w eights often a re  required  to 
vary in th e  same size of rollers. This is effected 
by add ing  ex tra  thickness to  the  perifery  walls, 
by m aking th e  d iam eter of the  core sm aller. There 
is a 12 |-in . d iam eter hole a t  each end, and also 
a facing ring  a t  the  end, as is shown in  F ig . 1. 
These a re  machined to a definite length-gauge to  
receive the  gudgeon-pin castings. This is the  only



m achining done to  th e  rolls. The ° f ro m
perifery  m ust be perfectly  smooth and  ,
m arks or swells. Therefore, th e  whole mould
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F i g . 2 .—r C . I .  C y l in d e r  u s e d  as P a t t e r n  
f o r  M i d d l e  P a r t .

F i g . 3 .— P a t t e r n  P l a t e  f o r  t h e  E n d s  o f  
t h e  R o l l e r .

to  be wet blacked an d  thoroughly  dried  in a stove 
t  he who e of th e  m ould and  core a re  ram m ed on a 
M um ford p lain  jo lt ram m ing m achine havino a
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6-ft. tab le  and a lif tin g  capacity  of over 6 tons. 
They a re  finished and  blacked by skilled moulders. 
A t th e  opposite end to  th e  one shown on th e  illus
tra tio n  a 1^ in. d iam eter thim ble or union w ith 
in te rn a l th read  is cast in a t  th e  inside edge of 
th e  beading. This is Used for filling th e  roll 
w ith w ater, which is used as ballast when heavier 
w eight is requ ired  ; i t  is plugged with an ord inary  
gas plug.

F ig . 2 shows th e  cast-iron cylinder which is used 
as a p a tte rn  fo r m oulding the  middle p a r t  of the

F i g . 4 .— B o t t o m - P a r t  B o x .

m ould; i t  is abou t 2 in. thick, and  m achined in 
side and o u t w ith a very slight ta p e r  on the  o u t
side. The fou r small holes in th e  top  edge of 
th e  p a tte rn  a re  for in serting  hooks to  draw  the  
p a tte rn  from  the m ou ld ; th is  is done w ith  the 
aid of a crane, th e  p a tte rn  being well rapped on 
th e  inside w ith  wooden m allets before and during  
th e  operation .

T he tab le  of th e  jo ltin g  m achine is seen p ro 
jec ting  about 2 in. above the floor level. On the 
tab le  of th e  m achine a cast-iron ring  5 in. deep 
and  2£ in . th ick , m achined tru e  on both edges, is 
placed. This is designed to  ta k e  th e  p a tte rn  
p la te , which has lugs cast on and  m achined accu
ra te ly  w ith th e  cen tre , which engage the  cylinder 
and hold i t  in position. On th e  o ther side is the



p a tte rn  for m oulding th e  top  and  fits
The pro jec ting  round  edge of th e  I t  any
easily inside th e  r in g  and helps to  p i c

F i g . 5 .— T o p  P a r t  F il l e d  w i t h  S a n d  r e a d y  
f o r  J o l t i n g .

J i g .  6 . —Top a n d  Bottom  P a r t s  r e a d y  f o r  
S toying.

tendency of th e  p a tte rn  p la te  to  slide off th e  ring . 
The to u r pins fo r se ttin g  th e  m iddle p a r t  of 
the bos a re  drilled  rad ia lly  w ith th e  cen tre  of the
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plate , and  slotted for cotters, which a re  used (for 
holding the  box to  th e  p late .

A 5-ton electric c rane  operates over th e  machine. 
T here is also a 10-ton crane in  th is  m oulding bay. 
T he two cranes co-operate to handle th is  job, 
and  an y  others th a t  happen to be under construc
tion  in  the  bay.

Arrangem ent of the Bay.
The jo lt ram m ing m achine is a t  the bottom  end 

of th e  bay, qu ite  close to  th e  sandTm ixing plan t.

F i g . 7 .— J o l t in g  u p  t h e  M id d l e  S e c t io n .

In  the  cen tre  of th e  moulding bay, finishing and 
casting  of th e  moulds is carried  ou t IN ear the 
top  end a re  two large core stoves, and  nex t to  
these a t  th e  very top end a re  th e  cupolas—one 
small one of about 24 in. inside d iam eter, and 
a la rg er one 36 in . d iam eter n ex t to  it. The 
large roll moulds a re  finished and blacked opposite 
to th e  stoves, and assembled and cast opposite the 
cupolas.

In  F ig . 3 is shown the  o ther side of th e  p a tte rn  
p late , which is used for m aking th e  top and 
bottom  p a rts  of th e  roller. The p a r t  form ing the 
round  edge is detachable, so th a t  i t  can be 
changed when square edge or slightly  different 
sizes are  required . The recess in th e  cen tre  takes

V
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the  cen tring  boss of th e  bo ttom -part box. ^  hen 
m aking the  top  p a rt , a  c en tre  p in  about 10 in. 
dia. is located in th e  cen tre  hole (as is sliou n m  
F ig . 4), and th rough  which th e  core is held down 
and th e  gases escape. The facing piece is a loose 
wood ring  located in  the  cen tre  of th e  raisec 
beading.

F i g .  8 .  C.I. C e n t r i n g  B o s s  a n d  L o n g  E y e -  
B o l t  f o r  C a r r y i n g  t h e  C o r e .

M oulding Box for the B ottom  Part.
In  th e  cen tre  of F ig . 4 is shown th e  boss, which 

is bored w ith  a  good ta p e r  and  faced tru e  for 
receiv ing  th e  cen trin g  p in  of th e  core, when th e  
job is being cored up. The bars a re  wedge-shaped 
in  section, the  th in  edge being n ea res t th e  p a tte rn , 
to  allow th e  sand  freedom to  pack u nder the  bars 
when being (jolted. The to p -p a rt box is very 
sim ilar, w ith th e  exception of th e  cen tre , which 
is a plain  rin g  b ar abou t 12 in. d ia. T he boxes 
a re  sp lit th rough  th e  edge and b a rs  to  allow for 
expansion and save them  sp littin g  in  a  more in 
convenient place. As will be seen, th e  s to u t box
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handle acts as a cram p a t  th is  place. The pins 
a re  cotter-p ins, and tile  holes round the  edge 
for ex tra  bolts for securing up before casting.

l l ie  top p a r t  is shown in F ig . 5 filled up with 
sand ready for jo lting . The same rin g  th a t  is 
used to support th e  m iddle-part p la te  is placed 
on th e  jo lt table, th e  p a tte rn  p late p u t on th is. 
The ru n n e r pegs a re  set on the  loose' facing ring , 
and  the  guide p in  p u t in th e  centre. About H  in. 
of sand is ridd led  on over the  face, the  edges of

F i g . 9 .— S k e l e t o n  f o e  C o n s t r u c t in g  t h e  
C o r e .

th e  p late, w here the bos takes a bearing, swept 
clean, and the box bedded on and firmly cotterad 
down th rough  th e  pins. A few lifte rs are  p u t 
in here  and th e re  to help to hold up th e  top  
d u ring  casting, and sand is filled in  to  4 or 5 in. 
above th e  top of th e  bars, to  allow surplus sand 
for jo lting . The mould is then  jolted about sixty 
to  seventy jo lts , tlie loose sand left on top is gone 
over w ith a flat ram m er to  tig h ten  it , and then  
shovelled off level w ith the bars. The mould is 
then lifted  off w ith the  c rane  and taken  away 
down the  shop for finishing and blacking. The 
bottom  p a r t  is made in alm ost th e  same m anner. 
A fter th e  facing  sand has been riddled  on, the 
cen tre  is cleared to allow th e  machined boss to 
t a h e  an  iron to  iron bearing  on the  p la te
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In  Fie;: 0 is shown th e  top  and  bottom  p a rts  
finished and blacked ready  for p u tt in g  in to  th e  
stove. The le f t hand  is th e  top  and th e  r ig h t 
hand the  bottom . On th e  top p a r t  in  th e  facing  
piece are  fou r runners  and  th e  rise r off th e  to p  
of th e  round ing  edge. A t th e  bo ttom  left-hand  
corner is th e  th read ed  thim ble, th ro u g h  w hich the  
roll can be filled w ith  w ater for ba llast. The pro
jecting  r in g  of sand round  th e  cen tre  hole takes 
a  bearing  on th e  core, which takes a bearing  on

F i g . 10.— W i t h d r a w i n g  t h e  C e n t r e  
C y l i n d e r .

a sim ilar ridge  on th e  bottom  p a r t , b u t th e  w eight 
of the  core is tak en  on th e  m etal boss in  th e  centre.

The m iddle p a r t ,  shown in  F ig . 2, as has 
already been explained, is th e  cast-iron  cylinder 
p a tte rn  in position on th e  p la te . B efore p u tt in g  
on th e  m iddle-jpart rnoulding-box. th e  outside 
p a tte rn  is well wiped over w ith  a piece of w aste 
soaked in  paraffin.

The m iddle p a r t  is shown in  position in F ig . 7, 
filled w ith sand and  alm ost ready  for jo lting . 
The box p a r t  is b u ilt up of th re e  sep a ra te  
sections. This was done for th e  purpose of a d a p t
ing th e  boxes to  su it various lengths of rollers. 
Small holes were drilled  in the  boxes for ven t 
and to  allow steam  to escape d u rin g  d ry ing . There 
are  fou r s to u t equally-spaced tru n io n s  fo r handling  
purposes,
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The conical a rrangem en t surm ounting  the mould 
is made of sheet iron, and is placed on the  top
of th e  cylinder p a tte rn  to p reven t the sand
falling  inside, and to  provide a feeding head of 
sand while th e  mould is being jolted. The sheet- 
iron  rin g  in  fro n t is placed on th e  top  edge of the 
box to fu r th e r  assist in  m aking th is head of sand. 
W hen th e  sand has been piled up  as high as pos
sible and  jo lted , a second filling and jo lting  is
necessary to  ram  th e  mould to the  top. The first

F i g . 11.— T h e  D r i e d  C o r e  r e a d y  f o r  
A s s e m b l i n g .

ram m ing settles the  sand to  about the  top of the 
first jo i n t ; about six ty  jo lts a re  given to  each 
ram m ing. The cone and ring  are  then  removed, 
and the  top  edge finished off w ith a flat ram m er. 
The mould and p late  a re  removed down th e  shop 
for draw ing the  p a tte rn  and  finishing th e  mould. 
So tig h tly  is the  sand packed, th a t  one instance 
is recalled w here the  p a tte rn , for some cause' or 
other, had  been le ft in th e  sand overn igh t; i t  
clung to  th e  p a tte rn , and came o u t w ith it , s tr ip 
p ing aw ay from  the  sides of th e  box almost cl^an.

Core-making.
The m aking of the  core is carried  o u t on the 

jo lt machine. F o r some m onths a fte r  the moulds 
had been successfully made, th e  cores w ere still



422

ram m ed by hand . I t  was though t, if th e  ou tside 
could be ram m ed, so could th e  inside, and a rte i 
tr ia l  i t  was found to  he qu ite  successful, t ig -  ° 
shows th e  cast-iron  cen trin g  boss and th e  long 
eye-bolt for carry ing  th e  core. The iron boss 
is m achined w ith ta p e r  on th e  small p a r t ,  and 
faced tru e  on th e  underside of the  large p a r t , 
it  is tapped  to  ta k e  th e  small eye-bolt a t  the  
bottom and th e  long eye-holt a t  the  top. The 
tapered  p a r t  is made an easy fit in  th e  hole in

F ig. 12.— T h e  A s s e m b l e d  C o r e  r e a d y  f o r  
C a s t i n g .

the  cen tre  of th e  bottom  p a r t  shown in  F ig . 7. 
The curved sheet-iron p lates are  placed inside th e  
cast-iron  cylinder p a tte rn  to  fo rm  th e  outside 
d iam eter of th e  c o re ; these are  m ade to  various 
d iam eters to  su it th e  thickness and  w eight of 
the  roller as required.

The skeleton of the  core is shown in  F ig . 9, 
and, like some o ther skeletons, p a r t  of i t  has been 
w ired up, which explains th e  ap p a re n t suspension 
in m id-air of th e  cen tre  ring . On th e  jo ltin g  tab le  
a ring  abou t 11 in. deep is placed to  allow for 
cen tring  p in  and small eye-bolt, which p ro jec ts  
th ro u g h  th e  core p late  ; the  c en tr in g  p in  is placed 
in  a hole in  th e  core p la te  ju s t large enough 
to  adm it th e  small p a r t ,  and  securely fastened
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underneath  w ith the small eye-bolt and washer. 
The hole for th e  long eye-bolt is plugged with 
waste. The cylinder p a tte rn  is now placed on 
the  p late , and  located by th e  raised  pieces pro
jec ting  above th e  p la te . The tw o sem i-circular 
sheet-iron p lates for form ing th e  thickness are 
placed inside, and  sufficient sand shovelled in  to 
allow for well bedding down th e  bottom  core iron. 
The loose sand is cleared of the  top  of th e  cen- 
t r in g  p in , th e  w aste tak en  o u t of th e  screw 
hole. A w asher sufficiently large to engage the 
core iron is placed on the  cen tre , and the  large 
eye-bolt screwed down u n til its  collar tigh tens on 
to  the  washer. More sand is throw n in and 
ram m ed by hand  to  about 2 | in. above the  core 
iron. A sm aller iron cylinder p a tte rn  is now placed 
in  position in th e  cen tre , allowing space for about 
3 in . of sand all round, which is now filled in level 
to  th e  top, and th e  centre-core ring  placed on th is. 
W hen th e  core is jo lted  th e  ring  settles w ith the 
sand  to  abou t a cen tra l position. More sand is 
filled in, and th e  core jo lted  solid to  th e  top. 
The cen tre  cylinder is then  w ithdraw n (Fig. 10).

The v en t barrel is now se t in position and the 
cen tre  space filled up w ith coke, which is given 
a few jo lts to  pack it. The coke and sand  are  
now levelled off to ju s t below th e  top  of th e  ven t 
barrel, and th e  top core iron bedded on.

The sm all cup o r ring  is set centrally  on the core 
iron  fo r packing to  hold the  core down, when 
closing th e  mould. Sand is now throw n on, and 
th e  ram m ing  of th e  top  face of th e  core is finished 
by hand , and strick lea o u t to  allow for the  2J in. 
of thickness a t  th e  top end of th e  cylinder. The 
p la te  shown below th e  bottom  core-iron forms the 
thickness a t  th e  bottom  end (F ig. 9). The whole 
is now carried  down th e  shop on th e  core p late  by 
th e  crane, th e  cylinder p a tte rn  w ithdraw n, and the 
two half-circu lar sheet-iron pieces taken  away. 
The core is finished and  blacked by the  moulders 
and p u t in to  th e  stove on the  p la te  to  dry . Two 
ribs for ex tra  s tren g th  are  cu t by hand round the 
core.

F ig . 11 shows th e  dried core removed from the 
core p late  and ready  for lowering into th e  mould. 
The cen tring  pin can be seen res tin g  on the 
block.



The assembled mould is shown in F ig . 12, ready 
for pouring. The bridge across th e  top  is holding 
down the  core, which is packed on to  th e  iron  ring  
set in to  th e  to p  of th e  core by sim ilar rings and 
wedged to  th e  bridge.

424
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Lancashire Branch.

SOM E METALLURGICAL POINTS IN ELECTRIC 
STEEL CASTINGS AND NOTES ON DEFECTS. 

By F. A. M elm oth (Mappin M edallist), M ember.
The norm al m etallurgical procedure in the  

production of electric steels has been dealt w ith 
qu ite  fully in  m any P apers subm itted  to  mem
bers, an d  needs no fu r th e r  discussion a t  th e  
mom ent. The w rite r feels, however, th a t  there  
m ust be m any users of electric furnaces, who, 
like him self, a re  occasionally throw n in to  con
ta c t  w ith  cases of abnorm al behaviour—occasions 
when th e  usual m etallurg ical explanations fail to  
m eet th e  case, and where known and demon
s tra te d  fac ts  offer no acceptable elucidation  of 
the  trouble. W ith  a view principally  to  stim u la t
ing discussion, th e  p resen t P ap e r a ttem p ts  to  
deal w ith one or two of these questions, and 
offers te n ta tiv e  theories, none of which is given 
w ith  any degree of dogmatism.

Fluid ity .
In  previous P apers dealing w ith steel castings 

the  w rite r has m entioned briefly th e  m a tte r  of 
the  com parative fluidity  of these steels. H e has 
suggested th a t  flu id ity  m ay n o t he a d irect func
tion  of tem p era tu re  and orthodox composition. 
The well-known difference in  fluidity , or “ life ” 
as i t  is o ften  called, ex is ting  between electric 
steels and converter steels of sim ilar composition, 
has been explained theoretically  in several ways. 
I t  has been sta ted  in  fac t th a t  the  difference 
does n o t exist, and th a t  given tem pera tu res in 
e ither type  will produce equal fluidity. The 
w rite r cannot, however, accept th is, and he be
lieves th a t  most p rac tica l steel m akers who have 
had  th e  o p po rtun ity  of w orking the  two pro
cesses, side by side, on the  sam e m ateria l, will 
agree th a t  a m arked difference does exist.

The suggestion has been p u t forw ard in 
exp lana tion  of th is, th a t  in the  case of the  con
v e rte r  m etal, i ts  method of production almost



ensures the  presence of dissolved oxides, which 
continue to  re ac t w ith  th e  deoxidising  elem ents 
added, w ith  consequent p roduction  of h e a t d u ring  
th e  period of casting . One would expect in  th is  
case to  find an appreciable loss of such elem ents 
du ring  th is  period, which is n o t borne o u t to  any 
serious e x te n t in  p ractice.

As a  co n tras t to  th is  theo ry  th ere  is th e  pos
sib ility  of th e  d irec t solution of oxygen, or 
oxides, w hich h.y th e ir  presence lower th e  
solidification p o in t of th e  steel, th u s  g iv ing  a 
longer liqu id  ran g e  an d  consequently increasing  
th e  “  life  ” of th e  m olten m etal. The w rite r  
prefers to  keep an open m ind on th is  question, 
and would m erely s ta te  a  few observations 
carried  o u t over a  period of some years.

M ethod of Production.

E lectric  m ild steels can be produced e ith e r by 
the  single o r double slag process, th e  choice 
depending on the  quality  of th e  scrap  m ateria l 
to  hand , or th e  degree of p u rity  dem anded in  
th e  product. I n  th e  double slag process th e  
m elting slag, high in  oxides, is rem oved a f te r  
m elting  is complete, and  w ith  i t  th e  bulk  of th e  
orig inal phosphorus co n ten t of th e  charge. A 
new slag is th e n  m ade on  th e  m etal by th e  ad d i
tio n  of lime, and a sm all am oun t of spar, w hich 
slag a f te r  fusing, is k ep t decidedly reducing  in 
action by th e  periodic add ition  of sm all q u an titie s  
of an th rac ite  coal dust or sim ilar m ateria l. Such 
a slag rap id ly  rem oves oxidising conditions, and  
th e re  is li t t le  doubt b u t th a t  th e  bulk of th e  
oxides a re  rem oved th u s  from  th e  b a th  of liquid  
m etal. F in ish ing  alloys are added and, given 
sufficient heat, th e  m ateria l is cas t in th e  
o rd in ary  way.

In  th e  single slag process, however, all th e  
operations a re  carried  o u t u n d er th e  one slag. 
This slag contains qu ite  appreciable percentages 
of oxides, even u p  to  th e  tim e of tap p in g  th e  
steel, and strongly  reducing conditions a re  n o t 
present.

I t  has been th e  w rite r’s experience th a t  the  
sinele  slae method of production  produces a 
m ateria l more capable of ru n n in g  ligh t sections, 
and  easie r to  m an ipu la te  in  hand  shanks fo r
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sm all work, owing to  its  ap p a ren t g rea te r degree 
’ of flu id ity . H e  would re ite ra te  th a t  differences 

in  com position from  th e  orthodox stan d p o in t are 
certain ly  no t th e  reason, and as th e  difference is 
noticeable alm ost consistently  over a g re a t num 
ber of charges, i t  is unlikely th a t  v a ria tio n s  in 
tem p e ra tu re  should always reac t in th e  one 
d irection ;

Effect of Strongly R educing Slags.

I t  has been th e  experience of m ost producers 
of elec tric  steels using two slags, and strongly 
reducing  conditions, to  come up  against an  occa
sional charge of an  unusually  viscous n a tu re . 
The w rite r has experienced several such charges, 
and has been unable to  associate th e  peculiarity  
w ith  tem p era tu re . In  conjunction  w ith his 
colleague M r. George B atty , "Works M anager of 
th e  N ationa l Steel Foundry , he a rranged  for a 
close observation in  th is  works, and the  one w ith 
which he him self is conneoted. E lectric furnaces 
of th ree  d ifferent makes could by th is  means be 
observed, together w ith  converter produced steels 
of th e  same general analysis.

The sam e conditions -were found in both works. 
C erta in  charges, fo rtu n a te ly  of in frequen t occur
rence, w ere found to  be of such a sluggish n a tu re , 
although extrem ely hot, th a t  i t  was impossible 
to  hand le  th e  m a te ria l in shanks a t  all.

In  o rder to  ascerta in  w hether th is  was in  any 
way due to  th e  strongly  reducing conditions, 
steps were tak en  to  remove prom ptly such condi
tions on each occasion th a t  a charge behaved in 
th is  m anner. By th e  addition  of a  small 
q u an tity  of iron ore to  th e  slag, or of ru s ty  steel 
scrap  to  th e  bath , th e  slag was m ade slightly 
oxidising. The viscous condition was removed, 
and th ere  is no doubt in th e  w rite r’s opinion, 
therefore , th a t  th is  sluggish condition is in  some 
way connected w ith  th e  strongly  reducing condi
tions of the  double slag process.

A po in t strongly  noticeable about such charges 
when being cast was th a t  in  appearance they  
were very much h o tte r  th a n  converter m etal of 
sim ilar composition. They were glowing w hite, 
and  invariably  set over in  a skin on th e  surface 
of th e  m etal im m ediately i t  was in  th e  shank.



This lead to  th e  consideration  of th e  possibility 
th a t  th e  condition  was one in which the  m ateria l t 
had th e  pecu liarity  of d issipating  large 
am ounts of its  h ea t energy  in  th e  form, 
of ligh t. A singular p o in t bearing on th is , 
is th a t  m any of these charges could be satisfac
to rily  cast from  th e  bottom  pouring  ladle d irec t 
in to  the  moulds although skim m ing over imme
d iately  if they  exposed any appreciable su rface , 
such as in  a  hand  shank.

M r. V ictor S tobie’s con tribu tion  to  th e  discus
sion on th e  w rite r ’s P ap e r given a t  th e  M an
chester Conference two years ago con tained  a 
s trik in g  p o in t which can be taken  as some con- 
ifirmation of th e  above suggestion. In  order to  
fill u p  some feeder heads, M r. S tobie took wild 
h ighly oxidised electric fu rnace  m etal which had  
been subjected to  no reducing  slags. F erro - 
silicon, etc., was added to  qu ieten  it , and much 
to  Mir. S tobie’s surprise  th e  m ate ria l ra n  p er
fectly and le ft th e  lad le  qu ite  clean. The in te r 
esting  p o in t in view of th e  w rite r’s p resen t 
rem arks is th a t  M r. S tobie rem arked  on th e  
cold appearance of th e  m ateria l as i t  was cast, 
in  fact, th e  w rite r believes he likened i t  in  colour 
to  cast iron.

Effect of High Tem perature and H igh S ilicon  C om bined.

A second very uncom fortable type  of happen ing  
which is also fo rtu n a te ly  in frequen t, is th a t  of a 
charge which is hot and  w'ild, and  cannot be 
quietened by ferro-silicon add itions except in 
very unusual quan tities. Several of these have 
come under th e  w rite r’s personal notice, and  in 
alm ost every case, a lthough  a final sam ple tak en  
from  th e  furnace has been dead  and ap paren tly  
qu ite  in  o rder, th e  steel has risen  badly in the  
moulds, and  any castings m ade have been 
scrapped.

R e tu rn in g  th e  rem ain ing  liquid  stee l to  th e  
fu rn ace  and tre a tin g  i t  fo r a  fu r th e r  period  
under a  reducing  lime slag, a lthough resu lting  
in a sound furnace sample exactly  as before, was 
only followed by th e  same resu lt. I f  th e  steel 
were allowed to  solidify, and th e  re su ltin g  m etal 
th en  rem elted and  dealt w ith norm ally, no troub le  
was experienced. The most su rp ris in g  fac t was
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th a t  silicon was invariably very high, o ften  from 
0.7 to  0.9 per cen t., and th e  m ateria l hot.

C areful observation revealed th a t  in  m ost cases, 
e ith e r owing to  poor bricks, o r careless w orkm an
ship in control of th e  furnace, th e  roof and walls 
has been badly ru n , and th e  slag become conse
quen tly  som ewhat siliceous. A dditions of ground 
an th rac ite  coal to  the slag obviously accounted for 
th e  h igh silicon con ten t by th e  reduction  of th e  
silicon so ob tained  from  th e  slag ; b u t, why did 
th e  steel rise, and why was i t  necessary completely 
to  solidify i t  and rem elt before i t  could be made 
sound? Also, why were the  furnace samples sound 
before tap p in g ?

W ith  all reserve, th e  w riter suggests th a t  in 
some m anner, probably re la ted  to  th e  silicon con
te n t, th e  steel possessed a g rea tly  increased capa
city  for absorbing gases, and re ta in in g  them  only 
in th e  fluid condition . These gases were throw n 
o u t of so lu tion  during  solidification, and caused 
th e  steel to  rise. The samples from  th e  furnace 
ta k e n  in  a  slag-covered spoon were n o t subjected 
to  th e  mould gases, and  were therefore sound. The 
evidence still suggests, however, th a t  i t  is pos
sible th e  condition of th e  silicon conten t was d if
fe ren t from  th a t  of a norm al steel, and a little  
though t will show th a t  quite a m oderate form  of 
the  sam e troub le  m igh t account for m any of the 
cases all steel founders come across, of apparen tly  
inexplicable unsoundness. There a re  undoubtedly 
m any such cases, as where analysis is apparen tly  
correct, mould and cores in  every way identical 
as nearly  as is hum anly possible, and  y e t th e re  is 
th e  occurrence of most ag g rava ting  patches of 
troub le  from  unsoundness.

C ontraction: Effect of Process.

A po in t of unusual in te res t is th a t  of contrac
tion  when considered in  the ligh t of th e  above 
points. The norm al contraction  allowance for mild 
steels of th e  converter ty p e  is in. to  th e  foot. 
F o r electric fu rnace  steels, of the  double slag type, 
which have been subjected to  w hat the  w rite r 
would call “ over reducing ” conditions, th e  com
m on allowance is J  in. to  th e  foot. As these steels 
a re  of practically  th e  same composition, th e  ques
tion  a t  once arises why should th e ir  degree of
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linear con traction  vary?  The w rite r 'c a n  offer no t 
th e  sligh test feasible suggestion on th e  po in t, b u t 
carefu l m easurem ents being m ade a t  th e  p resen t 
tim e  in  th e  works w ith  which he is connected, sug
gest th a t  single slagged e lec tric  fu rnace  charges, 
which have n o t been “  over reduced ,”  have a 
linear contraction  prac tica lly  iden tica l w ith  con
v e rte r steels of sim ila r com position. This does 
n o t seem to  m ake i t  reasonable to  associate the 
phenomenon w ith casting  tem p era tu re , b u t i t  does 
appear to  add  substance to  th e  w rite r’s sugges
tion  th a t  steels of iden tica l orthodox com position 
can behave in d ifferent m anners, according to  th e  
conditions to  which i t  is subjected  during  m anu
fac tu re .
B ehaviour in the M ould of S teels m ade by Different 

* Processes.
C arry ing  the  com parison of converter steels and 

elec tric  steels, o r single slagged and double-slagged 
electric steels, in to  th e  realm s of p rac tica l be
hav iour in th e  mould, th e  w rite r  has found some 
rem arkable  im pressions in  th e  m inds of the  
m oulders hand ling  th e  various k inds of steels. H e 
is n o t p rep a red  to  exp lain  these away as th e  re
su lts of p re jud ice , in  fa c t he feels th a t  only th e  
w orst form  of p re jud ice  can cause one to  ignore 
the  in te llig en t observations of th e  m oulders con
cerned. The w rite r is ca rry ing  on h is efforts to  
check and prove o r disprove m any of th e  ideas p u t 
to  him  by such people, and  is n o t p rep ared  a t  th e  
m om ent to  offer m ore th a n  m ere com m ent. H e 
would, however, assure mem bers th a t  even in  the  
p resen t stage of his inqu iries he is convinced th a t  
th e  m ajo rity  of these observations a re  founded on 
som ething m ore th a n  fancy, and  also th a t  th ey  are  
all in some way in terconnected ; com parative 
fluidity , linear con traction , behaviour to  mould 
gases, etc.

I t  is a common im pression th a t  sm aller risers a re  
needed to  produce soundness in  a given section of 
converter steel th a n  is th e  case w ith  “  over re 
duced ”  elec tric  steel. The w rite r’s own experi
ence goes ra th e r  to prove th is , and in connection 
w ith i t  would m ention one p o in t b ro u g h t to  his 
notice some tim e  ago.

The chem ist of th e  N ational Steel F oundry , M r. 
W indsor, by which firm th e  w rite r  was en 
gaged a t  th e  tim e in a consulting  capacity , sta ted
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most definitely th a t  two tons of electric steel of 
th e  “  over reduced ” k ind, occupied more ladle 
space th a n  an  equ ivalen t w eight of converter steel. 
As, in  the  solid form, the  tw o steels a re  almost 
identical in w eight for a given bulk, th e  w riter 
would like to  know w hether th is can be in any 
way in te rp re ted  as a reason fo r first the  excessive 
contraction  of such over reduced m ateria l, and 
secondly for th e  m oulders’ contention th a t  such 
m ateria l requires la rg er feeding heads.

Absorption of M ould Gases.

Susceptib ility  to  the  effects of mould gases is 
ano ther charge la id  by th e  prac tica l m an against 
th e  “ over re d u c e d ”  electric steel. R egarding 
th is, th e  w rite r asserts most em phatically th a t  th e  
most difficult steel in  his experience from which 
to  m ake a  really sound casting  is one which has 
been subjected for a too prolonged period to 
strongly  reducing conditions. No obvious explana
tion  occurs to  th e  w rite r for such behaviour, but 
he would qu ite  ten ta tiv e ly  suggest the  following 
as a theory  which a t  any ra te  supplies a  po in t for 
discussion, however incorrect i t  may u ltim ately  be 
proved to  be. In  th e  molten superheated-condi- 
tion , all these m ild steels m ust possess a capacity 
for gas solution. This solution may be of tem 
porary  n a tu re , th e  gases being evolved on solidifi
cation, or it  may quite possibly be th a t  in some 
cases th e  solution is perm anent, and the  gases are  
held in solution even in  the  solid condition. Is  i t  
possible th a t  steels m ade in th e  conditions existing  
in the  converter have used up th e ir  available capa
city , in  o ther words, a re  they  in  some fashion, 
sa tu ra te d ?  And, is the m ateria l w ith which they  
a re  sa tu ra te d , capable of being held in solution 
th rough  solidification?

An affirm ative reply to  these questions would 
suggest th a t  on coming in to  contac t w ith mould 
gases, such steels, being incapable of tak in g  them  
in to  solution, will drive them  forw ard and merely 
displace them  w ithou t absorption.

The atm osphere in which electric steels are made 
is very different, however ; in fact, g rea t claims are 
m ade for these furnaces on account of th e ir  atm o
sphere and degasifying conditions. Then, is i t  
no t conceivable to  suppose th a t  such steels arrive
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in th e  mould w ith a  g re a t capacity  for absorbing, 
u n fo rtuna te ly  o ften  in an  only tem porary  m anner, 
large q u an tities  of such gases as they  encounter 
d u ring  pouring?

The w rite r -feels th a t  such a theory  is difficult to 
su b s tan tia te  by actual proof, bu t he believes th a t  
th is  tem porary  absorption of mould gases and th e ir  
liberation  on solidification is a t  th e  bottom  of m any 
steel foundry  troubles. M any foundries add small 
quan tities of alum inium  actually  to  th e  stream  of 
m etal as the  mould is being cast, and some foun
ders s ta te  m ost em phatically  th a t  added thus i t  is 
much more effective in  p rom oting soundness th a n  
when added to th e  ladle du rin g  pou ring  from  th e  
furnace. The w rite r is definitely inclined to  agree 
w ith th is, and would suggest th a t  th is  belief m igh t 
possibly be tak en  to  have some connection w ith th e  
theories above m entioned, on absorption of mould 
gases. A lum inium  is believed to  possess th e  capa
b ility  n o t only of rem oving dissolved oxides b u t of 
conferring  upon steel th e  capability  of re ta in in g  
gases in  solid solution. If , therefo re , i t  be added 
alm ost a t  th e  precise m om ent a t  which th e  steel 
absorbs such gases, and is actually  p resen t in  th e  
m etallic form , i t  appears probable th a t  such action 
will then  ta k e  place w ith th e  g rea test efficiency. 
The w rite r holds th a t  alum inium  added to  rising  
steel in an endeavour to  m ake i t  sound when cast 
is grossly bad prac tice , and th e  steel suffers in 
consequence, b u t he believes th a t  small q u an tities  
added to  well made, and deoxidised steels, tend  to  
confer on the  steel th e  capacity  of dealing  more 
sa tisfac to rily  w ith any gases w ith which th e  steel 
may come in to  con tac t du ring  casting.

The foregoing would suggest th a t  in  o rder to  
ob tain  th e  m ost sa tisfac to ry  resu lts , silicon con
te n t  should be no h igher th an  is called for to  en 
sure in itia l soundness in  th e  steel, w hilst i t  would 
be of benefit to  keep m anganese on th e  h igh  side, 
say, from 0.7 to  0.9 per cent. This is found to  be 
in  accordance w ith  actual p ractice. A high silicon, 
particu la rly  if th in  sections, calling for abnorm ally 
h igh tem pera tu re , a re  th e  o rder of th e  day, does 
no t favou r the  p roduction  of sound castings b u t 
ra th e r  th e  reverse.

The m etallurgical consideration of e lec tric  steel 
castings is closely bound to th e  question of sands,
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in fact, i t  is extrem ely difficult to  deal usefully 
w ith one w ithout th e  o ther. The w riter would 
emphasise th a t  i t  is no t by any m eans a difficult 
m a tte r  to  m ake p erfec tly  sound mild steels elec
trica lly . To produce from such steel perfectly  
sound sand castings is altogether ano ther question. 
E very  prac tica l foundry m an a ttaches due im port
ance to  th e  effects of sand, varia tions in its  physi
cal and chemical condition, its  m oisture, and th e  
degree of ram m ing to  which i t  is subjected. H e 
takes i t  as an accepted fac t th a t  all these points 
can m ateria lly  affect th e  successful production  of 
a casting , even given well-made metal.

Suggested Research.
W hilst realising  th is, i t  appears to  th e  w riter 

th a t  the  line  of progress from the  purely  m etal
lurgical side, is in th e  direction  of the  study of 
mould effects upon liquid m etal, and th e  subse
quen t a tte m p t to produce steels less affected by 
such actions. A ccepting th e  fac t th a t  highly 
superheated  steels m ay and probably do, dissolve 
la rge  am ounts of gas when cast, then  fa irly  
obviously a profitable line of investigation  exists 
in  two directions. The first, can any conditions 
be induced in  the  steel in which i t  shows th is 
solvent action to  a lessened degree, and  second, 
can  th e  steel’s chemical constitu tion  be m ade of 
such a  ty p e  as to  favour th e  perm anen t solution 
of these gases in  th e  solidified condition?

Assum ing there to  be any foundation  of fac t in 
th e  suggestions previously m ade in  th is paper, 
th en  th e  assum ption would be th a t  the  first con
d ition  is affected by th e  silicon content. In  
o th e r words, excess silicon w ith  high tem pera tu re , 
has a  tendency to  increase the  tem porary  solu
tio n  of gases, and th e ir  p a rtia l evolution on 
solidification. The second condition, again 
assum ing th e  general accuracy of the  observa
tions, would be affected by both alum inium  and 
m anganese, each of which appear to  favour the  
re ten tio n  of dissolved gases in  the  solidified 
metal.

DEFECTS IN STEEL CASTINGS.
In  a P ap e r of th is  type, i t  would appear th a t  

only defects of a m etallurgical k ind should be 
dealt w ith, b u t as previously sta ted , defects due
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to m etal an d  defects due to  o ther factors affect
ing th e  m eta l a re  too closely re la ted  to  be use
fully discussed separately .

P orosity.

The most common defect is porosity , and  th is  
may be of several kinds. W hen d irectly  a t t r i 
bu tab le  to  m etal, i t  is due  to  an  oxidised con
d ition  of th e  steel, and denotes incorrec t fu rnace  
m anipulation . F o rtu n a te ly , analysis will alm ost 
always exp lain  th e  trouble, an d  no am biguity  
exists in  allocating  th e  blame.

There are, however, m any cases of porosity , or 
sponginess, which cannot be so easily  d ea lt w ith. 
The association of porosity  w ith  th e  condition  of 
the m etal as handed  to  th e  m oulder, in  all cases, 
is n o t unknow n to  th e  w rite r, an d  w hilst th is  
constitu tes a very convenient a t t itu d e  fo r th e  
moulder, i t  ignores some of th e  m ost im p o rtan t 
factors in  th e  production  of steel castings. 
Badly-vented moulds or cores, a  m ore o r less 
im perm eable sand, an  excess of m oisture, o r th e  
existence of steam  in  a  p a rtia lly  d ried  alleged 
dry  mould, can  all cause sponginess, som etimes 
locally in th e  casting , and sometimes general.

In  connection w ith  porosity  an  in te re s tin g  
po in t is th e  consideration  of th e  com parative 
liab ility  of steels m ade by d ifferent processes, to  
th is  defect.

C on tribu ting  to  th e  discussion on M r. B rad ley ’s 
P aper on L ig h t Steel C astings given a t  th e  
B irm ingham  Conference a few years ago, M r. D. 
W ilkinson, whose experience of lig h t stee l cast
ings is extensive, em phasised th e  necessity for the  
highest a tta in ab le  tem p e ra tu re  of casting  to  
ensure soundness. M r. W ilkinson is, of course, 
a t  p resen t producing his m eta l by the  converter 
process. The w riter hav ing  some experience of 
th is  m etal is inclined to  agree, b u t does n o t con
sider i t  advisable to  classify  th is  and  th e  
behaviour of electrically-produced steel in  the  
sam e category.

I t  does m ost ce rta in ly  appear th a t  porosity  is 
a  decided possibility in  electric steel, ca s t in to  
sand  moulds, as a  d irec t outcome of too h igh a 
casting  tem p era tu re . M any cases of abnorm ally- 
hot charges showing porosity  in th e  first castings
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made, w hilst th e  m etal was a t  its ho ttest, have 
come to  th e  w rite r’s notice. Analyses was 
identical in both porous and  sound castings, th e  
only difference being th a t  th e  sound castings 
were poured  from m etal which had lost its  first 
ex trem e heat. Close observation has confirmed 
th e  opinion th a t  w hilst ho t m etal is an absolute 
necessity, y e t a p o in t exists beyond which the  
liab ility  to  unsoundness is m arkedly increased. 
I f  th e  suggestions made earlie r in th is  P ap e r can 
be applied, an  exp lana tion  is forthcom ing. The 
gas solubility  capacity  of th e  steel, and th e  w riter 
refers to  tem porary  solubility, is increased by 
th e  high degree of superheat, w ith th e  conse
quence th a t  q u an tities  of gases, in solution a t 
high tem pera tu res, a re  throw n o u t on approach
ing solidification, w ith consequent unsoundness in 
tlio casting. The suggestion previously made 
th a t  converter-produced steels have a less avail
able gas-dissolving capacity  would offer an 
explanation  of th e  difference in behaviour of the  
steels referred  to  by M r. W ilkinson, and those 
being now discussed.

A nother possible cause of porosity which is 
in tim ate ly  connected w ith steel production  is 
possible slag action in th e  ladle. Should th e  slag 
be allowed to  become in any degree oxidizing ju s t 
before pouring, its  churn ing  up w ith  th e  steel 
du ring  pouring  from th e  furnace is liable to  pro
duce reaction  between i ts  contained iron oxide 
and th e  deoxidizing elem ents o f th e  steel. This 
may re su lt in th e ir  being reduced to  a po in t a t
which they  are  incapable of ensuring soundness,
and porosity  in th e  castings will result.

Obviously in  cases definitely associated w ith 
fau lts  in  th e  m etal, such as have been mentioned, 
evidence exists which allocates th e  blame com
paratively  easily. Analysis, where silicon is too 
low for safety , preven ts any possible argum ent. 
In  th e  la t te r  case, where slag action in  th e  ladle 
is involved, a n  inspection of the  slag will im me
d ia te ly  suggest th e  cause of th e  trouble. Even
in th e  case of an excessive tem p era tu re  of cast
ing, th e  fac t th a t  only the  first castings poured 
are  affected, tends to  the  assum ption th a t  exces
sive tem p e ra tu re  has been th e  culprit. I t  is 
therefore  an easier m a tte r  to  deal w ith such cases
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*or more of a num ber of reasons connected w ith  
th e  mould itself. D efective ven ting , w et sand, 
close im perm eable moulds due to  too fine a g rade  
of sand, o r an  excessive am ount of a clayey bond, 
a re  all serious con tribu tive  factors to  porosity. 
In  alm ost a ll cases w here castings suffer from  
porosity  d irec tly  due to  m eta l, such porosity  is 
general, and all castings from  th e  p a rtic u la r  
charge a re  affected. Odd cases of porosity  or 
local porosity  in  a  casting  a re  n a tu ra lly  much 
more likely to  come u nder th e  category  of m ould
ing defects th a n  m etallu rg ical m an ipu la tion .

C ontraction Cracks.
Unless special p recau tions a re  tak en  in the  

mould, mild steel castings, p a rticu farly  if of a 
frag ile  light-sectioned n a tu re , a re  very liable to  
crack on cooling. M etallu rg ical e rro r can 
undoubtedly con tribu te  to  th is.

M ild steels, h igh  in  su lphu r, are  notably  te n 
der when cooling from  th e  liquid  condition . To 
some ex ten t th is  can be coun terac ted  by w orking 
w ith  a  fa ir ly  h igh m anganese con ten t. By th e  
form ation of m anganese sulphide in  such a  m an
ner, which exists as m in u te  do ts  th ro u g h o u t th e  
steel, th e  a lte rn a tiv e  fo rm ation  of iron  sulphide 
is prevented . Iro n  sulphide hav ing  a  low fusion 
point, exists between th e  iron crystals in  a  more 
or less filmy form, th u s  p a rtia lly  destroying th e ir  
cohesion. A fter th e  crystals a re  form ed an d  th e  
m ate ria l solidified, such sulphide can s till rem ain  
fluid, causing th e  m ateria l to  be excessively weak 
a t  a red  hea t, and to  offer li t t le  resistance  to 
th e  s tra in s  to  which i t  is subjected du rin g  cool
ing and contraction .

H ere again, analysis points o u t th e  cause, which 
should never be ex isten t in  basic elec tric  steel. 
One of th e  m ost valuable p roperties of th e  basic 
e lectric  fu rnace  is its  ab ility  to  produce w ith  
ease very low -sulphur m ateria l.

Badly m ade steel, tap p ed  in  a rising  condition , 
is sometimes corrected and  made, app a ren tly  sound 
by overdoses of alum inium . The w rite r  has p re 
viously condemned th is  as very bad prac tice , b u t 
would add th a t  such m ateria l is also very liab le  to  
crack in th e  castings. This is no doubt due to  th e  
inclusion of q u an tities  of non-m etallic m ateria l, 
such as alum ina.

436
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Given a good steel, and  norm ally careful 
m ethods of m oulding to  p reven t cracks, th e  w riter 
is of th e  opinion th a t  fau lty  designing is 
responsible for m ore troub le  w ith  cracked castings 
th a n  any o th e r cause. Designs a re  o ften  sub
m itted  to  th e  steel founder which have been 
evolved qu ite  obviously w ith  only one object in 
view, nam ely, to  fit in to  th e  place desired by th e  
designer. The w rite r  believes m ost strongly  th a t  
a sh o rt course of steel foundry  instruction  should 
be a com ponent p a r t  of th e  tr a in in g  of all 
designers engaged on p a rts  for p roduction  as steel 
castings. Ind iscrim inate  v a ria tio n  of section, th e  
existence of la rge  bosses dem anded solid on o ther
wise th in  sectioned castings, a re  o ften  a perfect 
bugbear to  th e  steel foundrym an, and  his fa ilu re  
to give sa tisfac tion  is no doubt a ttr ib u te d  to  his 
ignorance. W hilst intelligence properly applied 
when m aking  th e  moulds will assist m ateriallv  in  
p reven ting  such cracks, no skill of th e  m oulder 
will reverse th e  n a tu ra l laws governing th e  solidi
fication and  cooling of steel. I ts  com paratively 
high degree of con traction , its  high m elting-point, 
and weakness a t  high tem pera tu res  are all definite 
laws over which th e  founder can ex e rt no control. 
H e can  only tak e  all possible precautions to  p re
ven t th e ir  causing an excessive degree of trouble. 
In  th e  w rite r’s opinion such po in ts should also 
receive th e  carefu l consideration  of th e  designer. 
G ran tin g  th e  eng ineering  dem and as regards 
general design, he should as f a r  as possible bear 
in  m ind th e  following p o in ts : — (a) Section of 
m etal should be as even as p rac ticab le ; (b) sharp 
changes of section and sharp  corners avoided 
wherever possible; and (c) th e  m inim um  num ber 
of heavy bosses, which la t te r  should be cored ou t 
if in an inaccessible position for feeding, a s ta te  
of affairs which o ften  exists. A consideration of 
these simple points would m ost decidedly minimise 
th e  tendency to  crack exhibited  by m any castings, 
particu la rly  of th e  autom obile type.

Contraction C avities or “ D ra w s.”

The liquid  con traction  of steel being consider
able, steel castings are  somewhat prone to  th is  
trouble. H eavy risers a re  o ften  necessary, and 
carefu l a tten tio n  to  th e ir  p o in t of application  and
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shape is one of th e  v ita l points in th e  production  
of sound castings. Design will n o t always perm it 
of correct m ethods being applied, and  here  again  
th e  consideration of th e  designer is called for. 
In  o rder to  m itig a te  th e  ill-effects of con traction  
where feeding is rendered  difficult by design, 
various m ethods a re  resorted  to . The insertion  of 
nails, th e  app lication  of in te rn a l and  ex te rn a l 
chills a re  common methods applied.

A lthough these methods a re  often  successful in 
degree, i t  m ust be adm itted , however, th a t  they  
carry  w ith  them  th e  possibility  of in troducing  
o ther troubles. D esign of chills and th e ir  com
p ara tiv e  th ickness m ust be carefully  s tud ied  in  
re lation  to  th e  job being m ade, o r very o ften  th e  
la t te r  s ta te  of th e  casting  is worse th a n  its  first.

■ E x te rn a l chills, for instance, if too  severe in  th e ir  
effect, a re  very liable to  cause serious cracks. The 
ob ject of chills being to  induce com paratively  even 
tem p era tu re  conditions th ro u g h o u t a cooling cast
ing  by th e  abstrac tion  of h e a t from  th e  th ick e r 
portions, i t  follows th a t  an  excessive chill effect 
will defea t th is  object, and m erely rem ove th e  
position of th e  troub le  from  one p a r t  of th e  casting  
to  another. Soundness m ay be im proved from  
th e  draw ing stan d p o in t, b u t crack ing  troubles 
encouraged.

In te rn a l chills, say in  heavy bosses, a re  very 
useful to  the  steel foundrym an when design will 
n o t p erm it of sa tisfac to ry  feeding arrangem ents, 
b u t h ere  again  g re a t cau tion  is necessary if 
trouble is n o t to  resu lt. In  green-sand moulds 
m oisture is very a p t to  deposit itself on chills or 
nails, and  if  moulds a re  le ft closed too long before 
casting  alm ost c e rta in  blowing can be expected.

I t  has appeared to  th e  w rite r th a t  m any defects 
described by th e  p rac tica l m oulder as draw s a re  
in fac t blows, o r in some cases a com bination  of 
the tw o. Some years of observation  have con
vinced him  th a t  could gas occlusion, caused e ith e r 
by blowing in  its m any form s o r by th e  tu rbu lence  
of th e  steel d u ring  the  p o u ring  opera tion , be 
en tire ly  preven ted , m uch of th e  troub le  a ttr ib u te d  
to “  d raw ing ” would n o t be p resen t. This will 
be considered fu r th e r  in th e  nex t section of th e  
P ap er re fe rrin g  to  blown castings.
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Blown Castings.

This defect will be considered as a ltogether a 
separa te  one from  blowholes, which previously 
have been discussed under th e  heading of porosity. 
W hereas th e  form er occur as num erous sm all holes 
e ith e r general o r in  some local p a rt, th e  type  now 
being d ea lt w ith  generally  exhibits itself as a 
large cavity, ex is tin g  in  one o r m ore p a rts  of a 
casting .

In  alm ost all cases i t  can definitely be assigned 
a cause w ithou t difficulty. Ineffective o r non
ex is ten t ven ting  of cores o r moulds, th e  use of 
wet o r d ir ty  chills, a re  th e  usual causes. Design 
in th is  instance can once again  con tribu te  
m ateria lly . C om paratively small, deep recesses 
in th e  v ic in ity  of heavy sections of m eta l will 
alm ost w ithou t fa il cause a blow, which will 
usually pass in to  th e  heavy section. Very often 
th is can  be seen im m ediately th e  casting  is 
cleaned, as th e  hole caused by th e  blow comes 
rig h t to  th e  surface, b u t o ften  th e  m etal closes 
behind th e  gases p en e tra tin g  th e  steel, and  the  
hole caused is n o t discovered u n ti l m achining 
operations a re  well advanced.

DISCUSSION.
In  the  absence of th e  A uthor, th is  P ap e r was 

read  by M r. G. B a tty , Technical D irector of the  
N ational Steel F oundry  (1914), L im ited.

The discussion was opened b y  th e  C h a ir m a n  
(M r. J .  M asters), who asked for in form ation  as 
to th e  effect of the  h igher casting  tem peratu re  
of basic electric steel. This m igh t be th e  cause 
of the  add itional contraction  which was 
experienced.

M r . B a t t y  agreed that high-casting temperature 
was a contributory factor to additional contrac
tion, but the higher casting temperature of basic 
electric steel, as compared with converter metal, 
by no means covered the whole difference. It 
did not seem logical that casting temperature 
should affect the actual freezing temperature of 
the metal, but experience appeared to indicate 
that this was the case.
Contraction was covered by the difference be

tween mould dimensions and the ultimate dimen-
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sions of the  cold casting . Steel, w hether cast 
in to  sand moulds o r  chill moulds, solidified on  a 
system which m igh t be described as a continuously 
th ickening envelope. One m ust visualise an 
in itia l solid envelope form ed w ith in  a very short 
space of tim e a f te r  th e  m eta l touched the* mould. 
This in itia l envelope was m a in ta in ed  in  t ig h t
con tac t w ith th e  faces of th e  mould for a c e rta in
length  of tim e by th e  ferro -sta tic  p ressure
exerted  by the  liquid  steel w ith in  th e  in itia l en
velope. As th e  envelope th ickened, and was able 
to  ex e rt a force g rea te r th a n  the  fe rro s ta tic
pressure of th e  liquid  in te rio r of th e  casting , the  
com ponent began to  co n trac t consonantly  w ith 
decreasing tem p era tu re . I n  th e  case of both 
hot-cast and cool-cast m etal, th e  in itia l envelope 
is m ain ta ined  for a c e rta in  leng th  of tim e  in 
contac t w ith  the  m ould, b u t i t  is fa irly  c e rta in  
th a t  th e  m etal which is cool-cast has a g rea te r 
rap id ity  of th icken ing  of the in itia l envelope th a n  
has the  ho t-cast com ponent. I t  seems reasonable 
to  assume th a t  hot-cast m etal will bake th e  mould 
more extensively th a n  will th e  cool-cast m etal, 
and, therefore, th e  ho t-cast m etal should crea te  
a g rea te r m ould-resistance to  con trac tion . H e 
was speaking of m etal cast in to  green-sand moulds, 
and he th o u g h t th e  mem bers would agree 
th a t  i t  was som ewhat con trad ic to ry  th a t  ho t-cast 
m etal, hav ing  a tendency to  increase th e  re s is t
ance offered by th e  mould to  con trac tion , should 
actually  co n trac t to  a g rea te r ex ten t th a n  m etal 
which was cast a t  a lower tem p era tu re , and, 
therefore , produced a less degree of mould re s is t
ance to con trac tion . I t  m igh t be th a t  he was 
a ttach in g  undue im portance to  th e  bak ing  effect 
of th e  m etal upon a green-sand mould, b u t, even 
if th e  bak ing  effect was non-significant, i t  m ust 
be rem em bered th a t  th e  add itional con trac tion  
experienced w ith  ho t-cast m etal ind icated  th a t  a 
high casting  tem p e ra tu re  resu lted  in  a h igher 
freezing tem pera tu re . Such a po in t appeared  
to  be incapable of proof, b u t general observations 
tended  to  ind icate  th a t  the solidification tem 
p era tu re  was definitely affected by casting  tem 
p e ra tu re . W h a t they  w ere discussing a t  th e  
m om ent was con trac tion  in th e  solid condition  as 
d is tin c t from  th e  liquid or fluid contraction . The 
po in t was proved very definitely by one inc iden t 
in his experience.
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Contraction in  Wheel Castings.
Two wheels from  th e  same p a tte rn  were cast 

from  one h ea t of basic electric steel, one being 
cast w hilst the m etal was very hot, the  other 
being cast from  practically  the  last m etal in th e  
ladle. The moulds were, as nearly  as possible, 
identical in  degree of ram m ing, and they  were 
of practically  identical dim ensions; ye t the  liot- 
oast m eta l had  a con trac tion  appreciably g rea te r 
th a n  th a t  of the  cool-cast wheel. I t  would, th ere 
fore, seem th a t  for p rac tica l purposes they  m ust 
assume th a t  a high casting  tem p era tu re  involved 
th e  ra is ing  of th e  solidification tem pera tu re .

Liquid Contraction.
As to  liquid con traction , ho could give some 

definite in form ation  obtained  by casting  ingots 
which were subsequently sp lit and carefully 
m easured to  determ ine th e  volume of fluid con
trac tio n  cavity . C erta in  ingots of basic electric 
steel, cast a t  a tem p era tu re  which form erly per
ta in ed  in  th e  works ho was visiting , showed a 
liquid con traction  of 4.1 per cent. A very hot- 
cast exam ple showed a liquid contraction  of 4.5 
per cent. ; th e  cool-cast ingots had a liquid  con
tra c tio n  of approxim ately  3 per cent. These 
ingots were cast a t  a speed som ewhat in  excess 
of th e  easting  speed which perta ined  in  most 
B ritish  w orks; therefo re  th e  “ au to -feed in g ”  of 
th e  lower levels of th e  ingots was not accomplished 
to  any th ing  like th e  norm al ex ten t. W hen con
sidering  steel castings, however, i t  should be re 
membered th a t  th e  quenching effect of a sand 
mould was very much less th a n  th a t  of an ingot 
mould unless th e  section of m etal being cast in 
a sand mould was very th in . I t  was fa irly  certain  
th a t  the  liquid con traction  of basic e lectric steel 
was appreciably g rea te r th an  th a t  of converter 
steel of th e  same chemical composition, as ind i
cated  by a s ta tem en t of th e  contents of carbon, 
silicon, m anganese, su lphur, and phosphorus. 
This necessitated, provided identical methods of 
ru nn ing  were used, the im position of la rger risers 
or sink heads on castings produced from basic 
electric  steel.

M r,. T. M a k e m s o n  said it occurred to him that 
very high contraction would introduce fresh
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moulding troubles w ith  steel castings, o r compli
cate those which existed. M r. M elmoth him self 
had po in ted  ou t th a t  th e  m oulders had noticed 
th is, and  insisted  on  a la rg er feeding head th a n  
was usually  necessary. P erhaps M r. B a tty  would 
tell them  w hether th is  excessive con traction  had 
any o th e r noticeable effect upon  m oulding troubles. 
They knew th a t  in steel castings generally  con trac
tion  did in troduce all sorts of com plications th a t  
d id  not occur in  cast iron, and  i t  occurred to  him  
th a t  th e  com plications m igh t be intensified by th e  
excessive con trac tion  w ith th is  p a rtic u la r  ty p e  of 
e lec tric  steel castings.

H e had always been under the  im pression th a t  
w ith th e  electric furnace one ob ta ined  castings 
of the  h ighest quality , b u t a t  a corresponding 
price, largely owing to  th e  very  h igh cost of elec
t r ic  cu rren t. H e th ere fo re  wished to  ask how the  
cost of these castings com pared w ith th a t  of steel 
castings m ade by th e  converter process or the 
open-hearth  process. H e had  an im pression th a t 
th e  cost was higher. A t th e  sam e tim e  i t  was a 
p rac tica l fa c t th a t  m any firms, inc lud ing  M r. 
M elm oth’s and M r. B a tty ’s, who produced e lec tric  
steel castings, were successfully com peting w ith  
th e  producers of o ther types.

Actual Contraction D eterm ined.
M r. B a t t y  said he had  determ ined  w hat he 

believed to  he a tru e  norm al con trac tion  of basic 
elec tric  steel for th e  conditions which p erta in ed  
in the  foundry  he controlled. S tra ig h t bars were 
moulded 12 in. long, 1 in. square, in cross-section. 
A t each end of th e  mould a  small m etal stop was 
placed—being located con tac ting  w ith  th e  p a t te rn  
— and th e  d istance betw een these stops was care
fully m easured before th e  mould was closed. The 
re su lta n t bars were m easured in  the  cold condition 
a t  th e  po in ts ind icated  by th e  m etal stops, and 
a t  th e ir  norm al casting  tem p era tu res  th ey  had  a 
solid con trac tion  of 2.406 p e r cent.

Cost of Electric Steel Castings.
W ith  reg ard  to  cost, i t  m ust be ad m itted  th a t  

th e  electric  fu rnace product was likely to  he more 
expensive, because of th e  ex tra  p recau tions which 
had  to  he ta k e n  to  ensu re  mould collapse under 
the  stress of th e  con trac ting  casting. This did
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not re fe r necessarily to  cores, b u t to  relieving the  
mould. Provision for e lim ina ting  alm ost en tire ly  
mould resistance m ig h t be achieved, in th e  case of 
m any castings, by ad ju s tin g  the  composition of 
th e  m oulding sand  when green-sand production 
prevails, b u t w ith  dry-sand moulds i t  was fre 
quently  necessary to  ta k e  ex tra  precautions to  
relieve the  moulds. This involved ex tra  expendi
tu re , which, affected th e  u ltim ate  cost of the  east
ing. Then again  th e  provision of la rger risers 
increased th e  proportion  of discard and conse
quently  reduced th e  p roportionate  yield of saleable 
castings in re la tion  to  w eight of m etal in ladle. 
H e earnestly  recommended a study  of the  methods 
which m igh t be adopted in  ru n n in g  castings ; as a 
guide-post he would say th a t  i t  was illogical to  
expect cool m eta l in  a rise r efficiently to  feed hot 
m etal in  th e  body of a casting. C onverter m etal, 
he believed, was cheaper in th e  ladle th a n  a high- 
g rade  basic electric s tee l; therefore , w ith the  cost 
increm ents ind icated , th e re  could be no doubt th a t  
basic electric steel castings were a m ore expensive 
proposition. B u t i t  m ust n o t be fo rgo tten  th a t  
th e  castings in  commerce, produced by th e  two 
methods under discussion, were by no means 
iden tical in  composition. The basic e lectric steel 
was m uch purer, much freer from  the  deleterious 
constituen ts, su lphur and phosphorus. H e fe lt 
th a t  he was s ta tin g  a fa c t in saying th a t  basic 
electric steel castings were superio r to  those made 
by th e  converter process. H e had  in m ind com
p ara tiv e  destruction  tes ts  m ade hv certa in  of 
th e ir  custom ers, such tests being amplified by 
observations on the  properties of components 
th roughou t extended service.

The comparison w ith the  cost of open-hearth 
steel castings could be made in  the same way, 
tak in g  th e  fundam enta l fac to r of the  cost of m etal 
in ladle, plus th e  cost increm ents indicated  as 
being po ten tia lly  applicable to  electric steels.

M r. M elm oth’s P aper indicated , and he was able 
to suppo rt th e  sta tem en t, th a t  steel m ust be care
fully made in the  basic electric  fu rnace if losses 
from  spongy castings were to  be avoided. H e 
qu ite  agreed th a t  a heat, h igh in  silicon, cast a t 
a  high tem pera tu re , was likely to  produce th a t 
form  of unsoundness which was generally known 
as sponginess.
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Then th ere  was th e  liab ility  to  over-reduced 
steel in th e  electric fu rnace. T lia t fea tu re  m ust 
be covered fully in  its significance in  re la tio n  to  
lack of flu id ity  and  to  its  abnorm al con traction , 
in addition  to  the  liab ility , on cert a in occasions, to  
sponginess.

Fluidity.

O bservations on a large num ber of heats of 
basic e lectric steel po in ted  to  th e  conclusion th a t  
flu id ity  was re la ted  to  the  presence of a dissolved 
oxide or sub-oxide of iron  in  th e  liquid steel. 
One instance  which occurred a t  B ra in tree  was 
very significant, and pointed  definitely to  an 
association of dissolved oxide of iron w ith  fluidity . 
A h ea t of electric fu rnace  m etal was te s ted  for 
fluidity  by tak in g  a spoon sam ple from  th e  bath , 
th e  sam ple being free from  slag on th e  surface, 
and, counting  in  seconds, th e  tim e  ta k e n  fo r the  
m etal in  the spoon to  film over on th e  surface. 
This spoon tim e-test, as i t  was term ed, was usually  
a fa ir  ind ication  of th e  way in which th e  m etal 
woiuld behave. In  th e  specific case he was 
re fe rrin g  to  a hea t of 50 cwts. of m etal, obviously 
very hot, would n o t give a spoon tim e-test of more 
th a n  22 seconds. Slag sam ples showed w hite, and 
were evidence of perfect reducing conditions. H e 
would go fu r th e r, and  say th a t  a perfectly  w hite 
slag was evidence of over-reducing conditions. To 
th is  charge of 50 cwts. was added 1 cwt. of ru s ty  
p late  scrap, th e  p lates being approxim ately  i  in. 
th ick . This scrap was rabbled  in to  th e  ba th , being 
very rap id ly  m elted. A spoon sam ple tak en  w ith in  
two m inutes of adding  the  ru s ty  scrap to  the  bath  
gave a tim e-te st of 48 seconds. The “ fin ish ings,” 
consisting of ferro-silicon and  ferro-m anganese, 
were added, and a spoon tim e-test ta k e n  four 
m inutes th e re a fte r  gave a read ing  of 38 seconds. 
H ere they  would no te  th e  effect of th e  add ition  
of silicon upon th e  flu id ity  or fluid life of th e  
m etal. This 50 cwts. h e a t was tap p ed  in to  th e  
ladle, 40 cwts. was subsequently  d is trib u ted  to  the  
moulds on the  casting  floor by hand  shanks, and 
th e  rem ain ing  half ton  of m etal was cast d irec t 
from  the  ladle in to  moulds. The whole of th e  
m etal ran  cleanly from  th e  ladle, and he was quite  
ce rta in  th a t  very li t t le  of th e  h ea t could have been 
d is trib u ted  by m eans of hand  shank  if i t  had



445

been tapped  before th e  addition  of th e  oxide of 
iron on th e  scrap . I t  m ust be rem embered th a t  
th e  addition  of cold scrap m ust reduce m aterially  
th e  tem p era tu re  of the bath , yet the fluidity 
increased enorm ously. The conclusion th a t  fluidity 
was re la ted  to  th e  presence, in  an unknown quan
ti ty , of dissolved oxide of iron, had been supported 
in m any subsequent instances, oxide being added 
e ith e r in  th e  form  of ore or in the  form of mill 
scale. The use of ru s ty  scrap applied when the 
b a th  was obviously very ho t as well as sluggish.

Fluidity and Light Em ission.
The peculiar behaviour of over-reduced electric 

steel in  th e  hand-shank  was a very serious th in g  in 
a foundry  producing a la rge  num ber of small 
castings which m igh t no t safely be produced by 
casting  d irec t from  th e  bottom -pour la d le ; and it  
was im perative th a t  the  over-reduced condition be 
readily  recognised and  elim inated  before th e  m etal 
was tapped  from  the  furnace. I t  was very easy 
to  obtain , in th e  basic e lectric furnace, exces
sively strongly  reducing  conditions which caused 
the  phenom enal behaviour of filming over in the  
hand-shank m entioned by M r. Melmoth in the 
P aper. Some years ago D r. MeCance, in dis
cussing th e  difficulties of bottom -pouring ingots of 
certa in  steels, especially chrom ium  steels and high 
silicon steels, suggested th a t  these steels gave up 
a g rea t deal of th e ir  surface h ea t as ligh t, and 
hence lost very rap id ly  th e ir  fluidity . I t  seemed 
to  him  th a t  th e  steels of which D r. M eCance was 
speaking were, because of th e ir  composition, 
likely to  be free from  dissolved oxides, and th a t 
perfect reducing conditions, which were so readily 
ob tainab le  in  th e  electric furnace, served, in a 
m ild steel, to  e lim inate  such dissolved oxides as 
were assumed to  be a norm al constituen t of con
verte r o r open-hearth steels.

M i l .  B a t t y  said a steel was considered to  be re
duced when free oxide of iron, such as would cause 
sponginess, was elim inated . The term  “ over- 
reduced ” was possibly th e  shortest definition 
which indicated  the  elim ination of dissolved oxide 
o r sub-oxide of iron, which he assumed to  be p re 
sen t in mild steels of the  p lain  carbon type pro
duced by the converter or open-hearth  processes. 
In  the basic electric fu rnace reducing conditions
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wore b rough t about by a com bination of ferro- 
silicon and powdered an th ra c ite  o r o th e r carbon 
medium. The genera l p rac tice , a f te r  th e  oxidis
ing slag had been removed, was to  add sufficient 
silicon to  deoxidise th e  ba th , and  to  leave re 
m ain ing  approxim ately  0.10 p e r cent, silicon in 
the  steel. A dditions of carbon w ere m ade to  th e  
slag so th a t  a sm aller am oun t of silicon m ight 
efficiently deoxidise th e  steel, th e  silicon being 
th e  vehicle o f th e  reaction . Briefly, “ reduced ” 
re fe rred  to  a steel from  which free  oxide of iron 
has been e lim inated , and “ over-reduced ” ind i
cated  a steel from  which dissolved oxides, in  add i
tion  to  free  oxides, have been e lim inated . I t  was 
n o t claimed th a t  th e  incidence of dissolved oxides 
was a  fact, b u t i t  was claimed th a t  a g re a t deal 
of strong  evidence could be adduced in  su p p o rt of 
th e  conten tion  th a t  flu id ity  in  m ild steels was re 
la ted  to  th e  presence of an undeterm ined  quan 
t i ty  of dissolved oxide of iron.

Spongy castings contained blowholes filled w ith 
gas which had  been evolved by th e  steel. M r. 
Melmoth had ind icated  in his P ap e r th a t  analysis 
would show w hether o r  no t th e  steel was of a com
position likely to be uncon tam inated  by free oxide 
of iron. A steel which contained in  th e  liquid  con
d ition  any appreciable am oun t of fre e  oxide of 
iron was alm ost certa in  to  produce spongy cast
ings, and he suggested th a t  th is  was due to  an 
ex trao rd in a ry  capacity  fo r gas solution by a m ild 
steel, a t  a  high tem p era tu re , co n ta in ing  ap p re
ciably more th a n  the  custom ary co n ten t of silicon. 
I t  was possible th a t  a m ild steel of a high-silicon 
con ten t was, a t  high tem p era tu res , involved in an 
encyclic reaction  productive of free  oxide of iron 
b u t such a theory  was difficult of p ro o f ; probably 
a careful series of analyses covering th e  composi
tion  of th e  gases in th e  blowholes m ig h t throw  
a good deal more lig h t 011 th e  sub ject. I t  was 
probable th a t  a  very m inu te  q u an tity  of free  
oxide of iron m ig h t cause sponginess of a serious 
degree as a resu lt of an in itia l reaction , p rob
ably in th e  range  of tem p e ra tu re  where th e  m etal 
was ju s t solidifying betw een oxide of iron and 
carbide of iron. Expressed sim ply th is  reaction  
r e a d :—FeO +  F esC = 4Fe +  00*
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This initial gas bubble might actually induce 
from solution in the metal a considerable volume 
of gas which would otherwise have been retained 
in solid solution.

Blows from cores or from corners of a mould 
were due to  an en tire ly  different se t of circum 
stances, and should no t be confused w ith  any de
ficiency of the  m etal such as results in  spongy 
castings. M r. M elmoth made th is p o in t perfectly 
p lain  in his P aper.

U sually i t  was a m a tte r  of no difficulty to  secure 
collaboration between a foundry and  th e  designers 
employed by the  foundry’s custom ers, and h is own 
experience was th a t  such collaboration had mado 
for him  a num ber of friends. B u t th e re  had been 
cases where th e  designer had  refused to  abate, 
in any p a rticu la r whatsoever, his demands upon 
the foundry, w ith the  resu lt th a t  th e  foundry had 
been involved in serious losses before the weight 
of fac t compelled the  designer to  adm it reluc
ta n tly  th a t  h is proposition was im practicable. 
However, they  m ust th an k  th e  designer for keep
ing them  moving fo rw ard ; in  m any cases th e  
difficulties propounded by him had brought about 
a h igher skill in m oulding and th e  evolution of 
c e rta in  foundry  expedients which otherw ise 
m ight hfive rem ained undiscovered for a con
siderable tim e.

In  th e  production of steel castings, chills, 
e ither ex te rna l o r in te rn a l, were used to  prom ote 
un iform ity  in th e  tem p era tu re  g rad ien t of tho 
casting. A nother purpose for which they were used 
was to  e lim inate  risers on certa in  p a rts  of cast
ings, such as bosses, the  bosses being subsequently 
drilled  o r bared  and th e  chill to ta lly  removed. 
If  ne ither chill nor riser were applied th e re  would 
be a contraction  cavity  in the  boss which would 
c rea te  considerable difficulty in drilling  the 
requ isite  hole. Of course certa in  in te rn a l chills 
were never removed by any subsequent m achining 
operation  on th e  casting, th e ir  function being to 
produce a un iform ity  of tem p era tu re  in the 
casting  and to  m ain ta in  as nearly  as practicable 
a  un ifo rm ity  in the tem poratu re  g rad ien t of the 
casting , so as to  avoid any undue stressing of the  
component.
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Shape of Risers.
The shape of risers depended som ewhat upon 

th e  method of runn ing . One m ust never lose 
s igh t of th e  fa c t th a t  steel freezes as a con
tinuously  th icken ing  envelope, therefo re  risers 
should n o t he “ necked.”  O therw ise th e re  was a 
d anger of feed ing  th e  neck sound b u t leaving the  
casting  below th e  neck unsound.

The a r t  of steel-m aking consisted very largely  
of a knowledge of a  num ber of sm all de ta ils , and 
although  one deta il, by itself, m ig h t n o t ap p ear 
to  have g re a t significance, its  in te r-re la tionsh ip  
w ith o ther de ta ils dem anded m ost ca re fu l sc ru tiny .

H e reg re tted  th a t  he was n o t able to  deal w ith  
the  more abstruse scientific considerations in
volved so fully as M r. M elm oth would have done. 
Some of the  theories he had  p u t forw ard m igh t 
sound som ewhat ex trav ag an t, b u t th e  applica tion  
of them  had led to  definite valuable comm ercial 
results. Those responsible for th e  production  of 
w ealth in  commerce m igh t be co n ten t w ith  an  in 
complete theory  o r definition, provided they  were 
able to  focus facts to  th e  e x te n t of securing  re 
ductions in costs of production . I f  th ey  func
tioned as producers o r conservors of w ealth  th ey  
m ust be con ten t to  be known by th e ir  works 
ra th e r  th a n  by th e ir  words.

Super-R educed Steels Loose F luidity.

M r. G. 0 . Grant s ta ted  th a t  rustless stee l cast
ings were being successfully produced in M an
chester, and i t  was found th a t  th e  successful 
casting  of th is  m ate ria l was dependent upon the 
hea t of the  m etal in  th e  ladle and  the  m ethod of 
ru n n in g .

H e su b s tan tia ted  M r. B a tty ’s rem arks reg ard in g  
the  elem ents silicon, m anganese and  chrom ium  in 
m ild steel, and s ta ted  th a t  a small p ercen tage  of 
ti ta n iu m  had a sim ilar effect of tu rn in g  w hat 
was obviously a ho t hea t and which norm ally 
would have ru n  th rough  a |- in .  nozzle w ithou t 
difficulty, in to  a condition in which i t  was only 
go t ou t of th e  ladle w ith  difficulty. A lthough he 
was unable  to  ascribe th e  reason, th e  fac t 
rem ained th a t  super-reduced steels wTere  less 
fluid.
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M r . B a t t y  r e p l ie d  t h a t  lie  q u it e  a g r e e d  t h a t  
t i t a n iu m ,  in  c o m m o n  w i t h  c e r t a in  o t h e r  e le m e n ts ,  
w a s  c o m p e te n t  t o  e l im in a t e  d is s o lv e d  o x id e  o f  
ir o n  a n d  w o u ld  t h e r e f o r e  b e  l ik e ly  t o  p r o d u c e  t h e  
s lu g g is h  o v e r -r e d u c e d  c o n d it io n .

Vote of Thanks.

M r. J .  S. G. P r im r o s e  said  i t  gave him great 
pleasure to  move a  vote of thanks to Mr. M elmoth 
and M r. B a tty  for having p u t before th e  members 
an adm irable P aper which covered a g rea t deal of 
ground, th e  value of which they would be able 
to  apprecia te  when they were able to  study  i t  in 
p rin ted  form. I t  was an  in te resting  historical 
fa c t which n o t many people knew7, th a t  Messrs. 
Laske and  E llio tt of B ra in tree  v7as th e  first firm 
in th is  country a t  whose works the  electric fu r 
nace was used commercially fo r producing steel. 
Sheffield m igh t have a  claim to  p rio rity  in respect 
to  experim ental work in  th a t  direction, b u t actual 
comm ercial production began a t  B ra in tree . There 
also th e  first electric non-ferrous m etal furnace 
was s ta rted .

H e would like Mr. B a tty  to  give them  a more 
precise explanation  of w hat was m eant by “  over- 
reduced, ”  steel.

M r . S. G. S m i t h , in seconding the vote of 
thanks, said th e  troubles of th e  steel founder 
appeared to  be very much akin to  those 
experienced in th e  iron foundry , bu t probably in 
some phases they  were intensified, due to  the  
increase in  liquid and solid contraction . H e wras 
in fu ll agreem ent w ith  M r. M elm oth’s suggestion 
th a t  the  designer of steel castings should serve a 
te rm  in th e  steel foundry. I t  applied equally to 
th e  iron foundry, and he had  advocated i t  for 
m any years.

M r. M elmoth did no t appear to  be en tire ly  in 
favour of using chills, applied in te rna lly  or 
externally , because troubles m ight arise  from  
them . T ha t wras th e  im pression made on his mind 
a f te r  listen ing  to  the  P aper. W hat method could 
be substitu ted  where i t  was desired to  equalise 
solidifying conditions? I t  was assumed, of course, 
th a t  th e  design of the p a tte rn  could no t be 
altered .

Q
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M r. B a tty  h ad  s ta ted  th a t  th e  u tm ost im port
ance should be a ttach ed  to  th e  locality  of th e  
risers. This, again , applied equally to  th e  iron 
foundry. W herever i t  was possible th e  run n ers  
should be located a t th e  p a rts  th a t  would cool 
first, thereby  m aking th e  cooling of th e  casting  
more un ifo rm  and avoiding ir reg u la ritie s  in 
shrinkage, both liquid and solid. To p u t  th e  
ru n n ers  in  th e  th ick  section of th e  casting  was a 
m istake o ften  m ade in th e  iron  foundry.

The vote of thanks was passed unanim ously.
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Lancashire Branch
(BURNLEY SECTION). 

OIL-SAND CORES AND PRODUCTION.

By W. West, M ember.
Tlie application  of oil sand  as a  m eans to 

foundry  production  has been by th is  tim e  defi
n ite ly  confirmed in  everyday practice. The ease 
w ith  which th e  sand  m ix tu res can  he made, and  
th e  subsequent baking, a re  facto rs adm irably 
su ited  to  foundry  work in  general, and of which 
no foundrym an need have any  doubts as to  suc
cess. I t  is, however, of th e  u tm ost im portance 
am ong th e  p rac tica l de ta ils of oil-sand p rep a ra 
tio n  th a t  a  su itab le  m ixing vessel be used, to  
ensu re  an  even d is tribu tion  of th e  oil over th e  
sand  grains. The o rd inary  ■ paddle  m ixer to  be 
had  on th e  m ark e t to-day is well adap ted  for th e  
m ixing process, b u t in some cases where th e  addi
tio n  of ce rta in  gums a re  made, which a re  neces
sa ry  for in tr ic a te  and overhanging types of cores, 
th e  m axim um  am ount of green bond will be 
obtained  by passing th e  m ix tu re  th rough  mullers 
of medium w eight. I t  is generally recognised 
th a t  o rd inary  shore sand is of excellent quality  to  
m eet th e  necessary requirem ents, th e  g ra in  size 
being of a  finer mesh th a n  th a t  of a  riv e r sand, 
a  b e tte r  finish is obtained on th e  surface of the 
casting , a t, incidentally , a very m uch lower cost. 
L ittle  o r no serious d isadvantage is experienced 
from  th e  presence of sa lt, nor y e t from  th e  small 
pieces of sea shell th a t  a re  d is tribu ted  am ong the 
mass. "Where cores are  required  to  tak e  posi
tions in  which they  are  more or less surrounded 
by liquid m etal, i t  is advisable to  m ake small 
additions of an open-grained sand to  ensure 
perm eability .

M uch discussion has arisen  from  tim e to  tim e 
concerning th e  condition of the sand, w hether 
such should he dry  o r dam p. The answ er depends 
very much upon th e  facilities to  hand, th e  layout 
of th e  p lan t, and th e  object to  which efforts are 
being m ade. I f  th e  work to  be executed is no t

q 2
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of a  rep e titio n  charac te r and of only lim ited  
q u an tity , when th e  lay ing  down of th e  necessary 
dry ing  p la n t would n o t he w arran ted , th en  th e  
use of dam p sand is n o t of any g re a t m om ent, 
bu t may, if wisely handled, prove to  be a  fac to r 
of economy and a  m eans of m aking th e  core m ore 
perm eable to  gas, th rough  th e  evapora tion  of the  
w ater vapour.

P roduction  of rep e titio n  castings, however, calls 
fo r d ried  sand , th e  degree of dam pness is an 
indefin ite and  variab le  fac to r which tends to  
cause irreg u la rities  in  th e  re su lta n t cores. In  
add ition  to  th is , th e  accom panying prolongation  
of th e  d ry ing  tim e, owing to  th e  am oun t of w ater 
p resen t is a  definite im pedim ent to  o u tp u t, th e  
loss of which may possibly am o u n t in  ac tua l cost 
to m ore th a n  th a t  en ta iled  by th e  in itia l dry ing .

E ssential Properties.

M ost of th e  required  properties of an  oil-sand 
m ix tu re  a re  well defined, and  successful resu lts 
from  th e  use of i t  depends upon th e  ch a rac te r of 
th e  ind iv idual item s co n s titu tin g  th e  m ix tu re . 
P erhaps th e  m ost im p o rtan t of these  item s is the  
type of core o il used, fo r success or fa ilu re  is 
chiefly governed by its  ch a rac te r and behaviour. 
The oil should possess a composition calcu lated  to  
give th e  m axim um  of bonding power betw een th e  
g ra in s  of s a n d ; a f te r  d ry ing  th e  film th u s  formed 
should be capable of res is ting  th e  effects of mois
tu re , when th e  core is allowed to  s tan d  in  th e  
open d u rin g  a p ro trac ted  period. One o ther 
sa lien t p ro p erty  requ ired  is th e  rap id  d is in teg ra
tion  of th e  core a f te r  solidification of th e  m eta l, to  
allow th e  easting  th e  g rea te s t freedom  in  con trac
tion , while from  a  production  p o in t of view, th e  
sh o rte r th e  tim e  necessary for d rying, th e  more 
su itab le  w ill be th e  core m ix tu re . No p a r t  of th e  
m aking  of oil-sand cores is m ore im p o rta n t th a n , 
a f te r  selection of th e  oil, to  give th e  m ix tu re  3  
su itab le  h e a t tre a tm en t, fo r upon th is  depends 
th e  correct function ing  of th e  various constituen ts.

I t  is proposed, therefore, to  deal m ore speci
fically th a n  usual w ith  th e  charac te r of th e  core oil 
and  its subsequent d ry ing  in  o rd e r fu r th e r  to  ex 
p lain  some of th e  basic p rincip les which a re  
involved in th e  process.



The choice of an oil is generally decided upon 
by th e  evidence of its physical properties, for it  is 
of first im portance th a t it  should bo of such a 
fluid cha rac te r th a t  a  perfec t covering of th e  sand 
g ra ins is obtained w ith  th e  m inim um  m ixing. 
A p art from th is  fac to r, th e  rem ain ing  properties 
of a sand m ix tu re  are bound up w ith th e  chemical 
composition of its constituents, and, from  a study 
of th e  m any types of oils and th e ir respective com
positions, i t  is ev iden t th a t  every oil is n o t su itab le  
nor capable of producing oil-sand for foundry use.

C lassification of Core Oils.

B roadly speaking, th e  better-know n oils, and 
those whose prices b ring  them  w ith in  the scope of 
foundry in te rest, can be divided in to  th ree  d is tinc t 
groups according to  th e ir  respective source of 
su p p ly :— (1) A nim al oils; (2) m ineral oils; and 
(3) vegetable oils.

A nim al Oils a re  well represented  by such ex
amples as whale oil, cod-liver, and sperm  oil, eto. 
They a re  of in te res t only, for while they have 
th e  necessary qualifications fo r core m aking, the 
offensive smell of th e  fumes em itted  during  the 
drying process m ake th e ir  use d is tinc tly  objec
tionable.

M ineral Oils are  found free in n a tu re  as petro
leum or distilled commercially from  oil shale. 
C ertain  members of th is  group have very low flash 
points, and a re  exemplified by petro l and benzo
line, while o thers w ith h igher flash points are 
paraffin, lub rica ting  and m achine oils. These are 
useless as b inders because of th e  form of th e ir 
constitu tions, which have no power to  d ry  under 
th e  effect of tim e  or tem pera tu re .

Vegetable Oils, however, a re  of th e  u tm ost im
portance, for they include m any of those oils which 
a re  of th e  g rea tes t service to  foundry practice. 
The members of th is  group are  composed of t r i 
glycerides of u n sa tu ra ted  organic acids, and i t  is 
upon th e  sa tu ra tio n  of these by th e  absorption of 
oxygen of th e  a ir th a t  they  possess th e  peculiar 
p roperty  of d ry ing under th e  influence of tem 
p e ra tu re  and tim e. The group is generally divided 
fu r th e r  in th ree  classes, according to  th e ir  drying 
power, when left exposed to  th e  a ir in th in  films 
a t  o rd inary  tem pera tu re  •— (1) D rying oils, i.e.,
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linseed, hempseed, and poppyseed o ils ; (2) semi- 
d ry ing  oils, i.e ., cottonseed, soya bean oils, e tc ,;  
and (3) non-drying oils, i.e ., rape , castor, and olive 
oils. Thus a  non-dry ing  oil like rap e  oil will 
rem ain  fluid under atm ospheric conditions for an 
indefin ite p eriod ; linseed oil, b e l o n g i n g  to  th e  d ry 
ing class, will s e t to  a  tough  elastic  film w ith in  
a few d a y s ; while sem i-drying oils like co tton 
seed are between th e  two- classes.

This d is tinction  in d ry ing  properties, th ere  is 
reason to  believe, is en tirely  one of degree, for 
L ivache (Compt. R end. 1895) po in ts o u t th a t  all

fixed oils, vegetable o r anim al, are  capable of 
se ttin g  to  an elastic filam ent, sim ilar to  those 
yielded by th e  d ry ing  oils, if le f t sufficiently long 
a t  h igher tem pera tu res th an  atm ospheric.

I t  will be ev iden t, therefo re , th a t  a  core oil m ay 
consist of one p a rtic u la r  oil, or perhaps several, 
which may or m ay no t be en tire ly  vegetable, bu t, 
if so, m ay o rig in a te  from  differen t classes of the  
sam e group. I t  is o f d is tin c t advan tage  when 
production  is one of th e  m ain  fea tu res  th a t  th e  
oil or oils in  use should be en tire ly  of th e  d ry ing  
class of vegetable oils, which will produce, o ther 
th ings being equal, th e  m axim um  num ber of cores 
in th e  m inim um  tim e.

The Properties and Character of Linseed O il.

W hen exposed to  th e  a ir  linseed oil g radually  
absorbs oxygen from  th e  a ir, and assumes finally 
a  d ry  or gelatinous mass known a t  lin o x y n ; th e  
reaction  is accelerated under increase of tem pera
tu re  w ith in  defined lim its. I t  is on account of
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th is  pecu liarity  th a t  i t  exhibits th e  binding 
together of sand  grains in an oil-sand core d u ring  
drying. I t  is therefore im p o rtan t to  notice th a t  
th e  d ry ing  property  of an oil is clearly indicated  
by its  power to  absorb o xygen ; so th a t  if  i t  were 
possible to  determ ine th e  am ount of oxygen which 
any oil was capable of absorbing in  a given tim e, 
we should be able to  enum erate the  various kinds

F i g . 2 .— C o k e  S t o v e  and  R a c k .

according to  th e ir  respective d ry ing  powers. A 
d irec t m ethod fo r th is  m easurem ent is not yet 
possible, b u t valuable assistance is rendered  by 
th e  fac t th a t  th e  u n sa tu ra ted  acids in the 
vegetable oils which ta k e  up oxygen, also absorb 
iodine to  a sim ilar degree in  the  presence of a 
th ird  substance like carbon tetrach lo ride , so th a t  
an  estim ation  of th e  iodine absorbed by any oil 
is an indication  of its  d ry ing  power. To th is  end 
the  am ount of iodine absorbed by a definite weight 
of oil, fixed a t  100 grammes, is expressed as the  
iodine value.

Of these more common vegetable oils th e  first 
fou r exh ib it m arked drying p ro p e rtie s ; the  n ex t 
four a re  sem i-dryers; while th e  rem ain ing  th ree  
a re  of the  non-drying type. In  each case th ere  is
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a definite decrease in  th e  iodine value as we pass 
from  th e  d ry ing  to  th e  non-drying oils.

I t  was H azim a (Zeitsch Angen, 1888) who 
first pointed  o u t th a t  th e  iodine value of an oil 
rises w ith its  d ry ing  power.

T a b l e  I .— Iodine Values o f Various Oils. 
Iodine 
Value.

185 
171 
153 
136

oil
Linseed oil 
Chinese tu n g  
H empseed oil 
Poppyseed oil ...

(Slide No. 1) 
Soya bean oil 

I t  would appear 
oil hav ing  a high

Iodine
V alue.

125 
. 120 
. 105
. 95
. 95
. 85

Sunflower oil 
M aize oil ...
C otton seed oil 
O live oil ...
R ape oil ...

125 C astor oil 
therefo re , t h a t  th e  use of an 

iodine value in  th e  u n tre a te d  
sample will give th e  quickest d ry ing  resu lts . I t  
is significant from  th e  position which linseed oil 
occupies in the  foregoing list, t h a t  its g re a t popu
la r ity  as a  core oil and a  core oil base is n o t by 
any m eans misplaced.

Changes D uring D rying.
A dditional reac tions ta k e  place d u ring  th e  pro

cess of drying, and i t  becomes necessary to  have 
an unders tand ing  of these.

K ru m b aar (Chem. Zeit, 1916. 40, 937) has shown 
in h is resu lts of experim ents th a t  when linseed oil 
is heated  to  definite tem p era tu res  in  an atm osphere 
of carbon dioxide th e  figures shown in  Table I I  
were obtained.

T a b l e  II.-—Krumbaar's Experiments on Linseed Oil.

Temper- Duration
ature of heating Relative Iodine

in deg. C. in hours. viscosity. value.

Std. 1.00 Std. 175.0
200 20 1.13 168.7
200 40 1.35 160.1

■ 260 15 2.35 145.6
260 30 7.96 108.0
300 10 115.0 120.4
300 20 not flow 70.3

The d irec t fall in the  iodine value suggests th a t  
some action  takes place in which ox idation  has no



p a r t , b u t as the  tem p era tu re  increases w ith a. 
prolongation  of tim e th e  oil thickens up to  the  
degree th a t  i t  will no t run , as ind icated  by the  
relative viscosity.

F ah ridn  (Zeitsch Angen Chem. 1892.5.17) sug
gests th a t  th is  action  was one of polym erisation, 
th a t  is, in ter-m olecular changes ta k e  place 
whereby th e  num ber of atom s in  th e  molecule of 
the  oil increases to  some m ultip le  of th e ir  original 
num ber.

In  th is  d irection th e  experim ents of D r. J .  N. 
F rien d  (S. 0 . & C. Chemists, Vol. 7, No. 49), 
in  which the  au th o r had th e  privilege of assisting, 
a re  of g rea t in te rest, showing as they  do th a t  poly
m erisation  of linseed oil is a t  first qu ite  definitely 
m arked a t  250 deg. C.

T a b l e  I I I .— Heat Treatment of Baltic Oil Four Years Old.

Temp, 
in deg. C.

Dura
tion of 
heating 
in hours.

Density 
at 20 C.

Iodine
value.

Rela
tive

viscos
ity.

Mol.
weight.

Original sample 943.9 167 100 829
50 100 943.8 164 86.6 833
50 250 945.5 166 122.8 833
80 100 944.5 161 128 868

134 50 949.6 157 156 875
218 50 946.9 153 190 950
250 25 951.4 120 1,050 1,174

In  these experim ents th e  pu re  raw  linseed oil 
was heated  in  glass vessels a t  tem pera tu res ran g 
ing from  50 to  250 deg. C. To m a in ta in  th e  tem 
pera tu res  below 100 deg. C. the  vessels were 
immersed in  a w ater therm osta t, m ain ta ined  a t 
a constan t tem pera tu re . F o r h igher tem pera
tu res  th e  ap p ara tu s as shown in  F ig . 1 was 
designed, and  proved en tire ly  successful. The 
whole appara tu s  is made of glass, th e  oil being 
placed in A and an a ir condenser fixed directly  
on to  B, w hilst D is a ground-glass jo in t to  avoid 
trouble w ith  cocks and rubber connections. H ea t 
was applied th rough  th e  m edium  of a sand b a th  
over a Bunsen burner. To exclude th e  possibility 
of oxidation , the  vessels were filled w ith n itrogen 
by draw ing a ir  first th rough  flasks contain ing
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alkaline pyrogallol, which liquid absorbs the 
oxygen, allowing the  n itrogen  to  pass th rough . 
Table I I I  gives a few of those obtained  from  th e  
experim ents.

Any a tte m p t a t  a detailed  discussion of these 
resu lts would be en tire ly  outside th e  scope of th is  
P aper, b u t i t  is d is tinc tly  in te resting , from  a 
practical^ po in t of view, to  notice th a t  a definite 
change in  all th e  factors begins a t  250 deg. C., 
and th is po in t therefore provides a definite index 
as to  th e  changes du rin g  th e  drying process.

To recap itu la te , i t  has been found th a t  th e  
bond of an  oil-sand core i£ a tough elastic  com
pound formed by th e  ox idation  of ce rta in  
u n sa tu ra te d  acids which compose th e  constitu tion  
of th e  oil, together w ith its subsequent poly
m erisation  under th e  influence of tem p e ra tu re  and 
tim e. A m easure of th e  presence of these con
s titu e n ts  which are  responsible for th e  form ation 
of th e  film bond can be ob tained  from  th e  respec
tive  iodine value of th e  oil. The p resen t degree 
of published knowledge points to  th e  h igh  value 
of linseed oil as a b inder, from  th e  p o in t of its 
d ry ing  p ro p e r tie s ; also from  th e  h igh value of 
th e  film bond which i t  produces.

I t  has been ind icated  from  resu lts of experi
m ents given th a t  a tem p era tu re  of 250 deg. C. 
brings about changes in  th e  core oven which m ust 
have some bearing  upon th e  u ltim a te  resu lt. In  
p ractice th is  has been amply confirmed by th e  
w rite r, for w ith  one of th e  d ry ing  of th e  vegetable 
class, i.e ., linseed oil, successful resu lts a re  being 
now ob tained  quicker and b e tte r, th e  ovens being 
k ep t a t  a tem p era tu re  n o t below 250 deg. C. and 
no t exceeding 300 deg. C.

These tem pera tu res  are  in  accord w ith  m any 
figures which have been published as in d ica tin g  
general p ractice, and  i t  would there fo re  appear 
to  be confirmed th a t  polym erisation which takes 
place a t  th is  tem p era tu re  has a definite bearing  
upon th e  subsequent results.

D rying Process.
On th e  sub ject of d ry ing  o r bak ing  of oil sand 

th e  varie ty  of arrangem ents for hand ling  and  th e  
types of ovens in  use are innum erable, both 
factors being determ ined by th e  n a tu re  of th e  
work in hand  principally  and th e  circum stances
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under which th is is executed. From  a  production 
po in t of view, however, i t  becomes necessary th a t  
th e  am ount of hand ling  should be reduced to  a 
minim um , th e  t 37pe of fu rnace  be such th a t  an 
even tem pera tu re  can be steadily  m ain ta ined , and 
th a t  access in and  o u t th e  oven should be of th e  
sim plest character. F ig . 2 shows a b a tte ry  of 
ovens hav ing  these conditions in  a foundry  produc
ing rep e titio n  work on m edium  production . The 
b a tte ry  as shown is heated  d irectly  from  a coke

F i g . 8 .— C o m p l e t e  M o u l d  fo r  a  T r o ja n  
C y l i n d e r .

lire, th e  products of combustion being boosted 
from  th e  firebox to  th e  fu r th e s t ex trem ity  of th e  
ovens by a  w ell-regulated a ir supply proceeding 
from  a 2 h .p . electrically-driven fan . The ovens 
them selves a re  separa te  and  independent, th e  
closing of tw o small dam pers being sufficient to  
iso late any oven individually  from  th e  live flue 
which connects directly  to  th e  fire g rate .

The opening of th e  flues allow th e  ho t gases to  
rise and  pass th rough  th e  en tire  b read th  and 
length  of th e  oven, and o u t again  in to  th e  ou tle t 
flue which is common to  all, h u t from  which each 
can be individually  isolated. The charges of oil- 
sand  cores a re  carried  on special racks m ade 
su itab le  to  accommodate th e  various sizes of plates 
upon which th e  cores re s t and th e  differing 
heights of th e  cores themselves. These racks are



462

of th e  u tm o st convenience, insomuch th a t  they  
are  of ligh t construction , easy to  hand le  and, 
like th e  ovens, a re  s trong  and  durable. The 
system  of w orking is to  have one of these steel 
racks w ith in  tu rn in g  reach of tw o o r th ree  core
m akers, according to  th e  class of work, so th a t  
as each core ,Ts m ade and  tu rn ed  o u t on to  a 
su itab le  m eta l p la te  w hich is a t  once and w ithou t 
double han d lin g  placed in  th e  precise position  fo r 
d rying. P rom  a p roduction  p o in t of view th is  is 
ideal, and definitely m eans a saving of labour, 
g rea te r sa tisfac tion  to  th e  core-m akers, for th e ir  
will-to-work is thereby  grea tly  increased by an 
ap paren tly  sm all convenience.

Two of these  racks a re  requ ired  to  m ake a 
charge for any one oven, so th a t  when th is  num ber 
a re  fitted w ith  cores, a sm all portab le  tran svevo r 
is wheeled in to  position, and by th e  action  of a 
few pumps of th e  handle  th e  rack  is lifted  from  
th e  ground and ru n  in to  position  in  th e  oven. 
To lower th e  rack  i t  is m erely necessary to  press 
a release lever w ith  th e  foot, th e  oil passes from  
th e  pum p cylinder and  th e  descent is accom
plished.

Each rack  will accom modate approxim ately  
25 cwts. of sand  cores, and  w ith  a good reg u la r 
tem p era tu re  of 260 to  280 deg. C. th e  tw o racks 
a re  ready  to  w ithdraw  in  13, hours from  th e  tim e  , 
of insertion .

M ethods of A pplication for Production.
W hen th e  ex trem e conditions are  visualised 

under which castings, fe rrous and non-ferrous, a re  
produced, to g e th er w ith  th e  innum erable num ber 
of shapes and sizes, i t  seem ingly becomes impossible 
to  deal w ith th e  subject of oil sand  and  its  app li
cation  to  these m anifold  practices. The ran g e  o f 
application , however, canno t be lim ited , fo r as i t  
is of universal service to  th e  foundrym an, each in 
his sphere of activ ity , so will m ethods be devised 
differing according to  th e  ideas and  in itia tiv e  of 
th e  ind iv idual, and th e  cha rac te r of th e  w ork to  
be undertaken . I t  will, th ere fo re , occur to  th e  
th in k in g  m ind  th a t  any  a tte m p t to  ou tlin e  in d i
v idual shop p ractice , as in th e  following illu s tra 
tions, is m erely an  add itional expression of opinion.

P roduction , therefo re , can  be equally acceler
a ted  by m ethods of application , as well as the  use
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of oil sand, and in  F ig . 3 is illu s tra ted  one method 
of m aking  a m otor cylinder jack e t core. F o r th is  
i t  is necessary to  have a core m ix tu re  having suffi
c ien t s tren g th  in  th e  green condition to  m ain ta in  
th e  required  shape unassisted, and  fu rth e r, heing 
en tire ly  surrounded hv m olten m etal du ring  th e  
process of casting, i t  is necessary th a t  i t  should 
possess th e  m axim um  degree of perm eability  con
sis ten t w ith  th e  requ ired  hond. The cores a re  pro
duced hy one m an a t the  ra te  of 18 per day. To

F i g . 9 .— T r o ja n  Cy l in d e r  M o u l d  a n d  J ig s  
f o r  C h e c k in g  D i m e n s i o n s .

th e  cast-iron p illa r of th e  m achine th e  e n tire  core 
box is pivoted, and is free to  revolve a complete 
circle if required . The cen tre  carries two stout 
rods upon which slide th e  top and bottom  tables, 
both o f which a re  operated  hy th e  m ovem ent of th e  
four-handed lever on the  pivot centre, and become 
au tom atically  locked in  the  open o r closed posi
tion . F ig . 3 shows th e  m achine in  th e  norm al 
position stripped  of its  loose pieces to  show the  
m etal cylinders which form  the  b arre l cores.

F ig . 4 is the  completed core box ready to  receive 
th e  oil-sand m ix tu re ; th e  o u te r shell is easily re
moved by an ou tw ard  movement a fte r  releasing 
the  clamp. A fte r placing four small wooden plugs 
in to  th e  tops of the  sm all barrels, th e  oil-sand m ix
tu re  is ram m ed in to  th e  box to  th e  half-w ay line, 
when fou r curved ^ in. dia. wires a re  placed
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around the  centre-piece to  s treng then  and  tak e  
th e  w eight of th e  jack e t walls. R am m ing is then  
continued u n til th e  top  of th e  bore-form ers is 
reached, when th e  wooden plugs are  w ithdraw n 
and m etal plugs substitu ted , so th a t  th e ir  fla t sides 
a re  coincident. Two add itional iron loose-pieees 
a re  now p u t in to  position to  form  th e  core p r in t  
necessary for fixing in the  mould. The ram m ing

F i g . 10.— M a k in g  a n  O i l  P u m p  i n  S tac k  C o r e s .

is afterw ards completed and  fo u r sm all v en ts  in 
serted  in th e  barrels.

F ig . 5 illu s tra tes  th e  com pleted o p era tion  of 
covering th e  core box w ith  th e  necessary tu rn in g -  
o u t p la te , and  th e  arm s sw ung in to  position p re 
p a ra to ry  to  inversion. By m eans of fou r thum b 
screws th e  box and  p la te  a re  securely clam ped, 
and a t  th e  sam e tim e  a p erfec t level is m ade to  
ensure a good draw .

The en tire  core box is now inverted  on th e  un 
locked pivot, and requires steady  hand ling  to  
balance around  th e  dead oentre. F ig . 6 shows th is 
operation  accomplished—and th e  new position is 
securely held by th e  au tom atic  locking device. 
This la t te r  a rrangem en t consists briefly of a cen tre
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plate  which carries th e  ends of two levers, th e  
fu r th e r  ex trem ities a r e ' a ttached  to  th e  to p  and 
bottom  tables respectively, th e  shape of the  levers 
being curved in  such a m anner a t  th e  po in t of 
a ttach m en t to  th e  cen tre  p la te , th a t  they  pass 
over th e  dead centre. F ig. 7 shows th e  core s tr ip 
ped ready for rem oval. I t  will be noticed a t  th is  
stage th a t  the  two cast-iron pieces rem ain a t the

F i g . 11.— S a m e  a s  F i g . 10.

base of the c o re ; these are  no t removed, nor yet 
the  m etal plugs, which were inserted  to  form  the 
top portions of the  barrels in th e  position as 
shown, b u t are  le f t th roughou t the  drying period.

F ig . 8 illu stra tes the  assembling of th e  complete 
T rojan  cylinder w ith  the jacke t core in position, 
all th e  cores being made from  various m ixtures of 
oil sand according to  th e ir  respective positions and 
functions. E ach core, as i t  is fixed in  position, is 
checked for dim ensional correctness by the  m etal 
jigs shown in F ig . 9.

Stack Cores.
The question of production  of small castings 

calls for special in itia tiv e  from th e  foundrym an, 
more especially when such d ep art from the plain,
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cubic o r rec tangu la r design, hav ing  undercu t or 
hollow portions w herein hang various shapes of 
add itional projections. The d im inu tive  sizes add 
to  th e  com plication of th e  difficulties, for such 
types of castings under im m ediate discussion do 
no t lend them selves to  th e  suggested m oulding 
machine. To m ake th is  possible, however, i t  would

P i g . 12.— S a m e  a s  P i g . 10.

be necessary to block out th e  p a tte rn  extensively, 
and production  to  any ex te n t w orthy of th e  nam e 
could only be obtained by th e  use of several such 
p a tte rn s  on th e  one p late . I t  is a t  th is  ju n c tu re  
th a t  oil sand stack cores come as of very p rac tica l 
assistance to  th e  foundrym an.

Pigs. 10, 11 and 12 show th e  m ethod of m aking 
an oil pum p consisting of th ree  d ifferen t p a rts . 
T he en tire  cores are  m ade in oil sand, each section 
of th e  stack  when placed one upon ano ther p ro 
vides a  complete mould w ith  one common ru n n e r 
com m unicating by small sprues to  two castings 
in each section, th u s  from  only one stack  twelve 
castings a re  ob tained .



If a  closer exam ination  is made the  open views 
will show th a t  th e  m iddle and bottom  portions of 
the  pum p are  fa r  from  being simple castings, and, 
from  the  m achine shop po in t of view, th e  few 
thousand ths allowance for surface g rin d in g  is 
th e  only e rro r allowance. P roduction  when work
ing  on th is p rincip le  is well m ain tained , for one 
core-m aker alone is allowed fo r one stack  of 
tw elve castings a m a tte r  of two hours for the 
m aking  and fittin g  together ready for casting, 
and  is well able to  produce his piece-work earnings.

Such examples as those which have been given 
do n o t by any m eans exhaust th e  po ten tia litie s of 
oil sand, and w hether ind iv idual in terests  are 
cen tred  upon la rge  or small, steel, iron or brass 
castings, its u n fa iling  qualities a re  found to  be 
precisely th e  same.

I t  is by m eans of its  application to  th e  m aking 
of la rger castings th a t  th e  all-round advantages 
a re  obtained. The top half section of a tu rb in e  
casing while no t of g re a t dim ensions serves as an 
excellent illu s tra tion  of th e  application  of the 
“  blocking o u t ”  system, which en tire ly  super
sedes th e  o lder m ethod of “ draw-backs ” when 
such castings a re  m ade on a production basis. 
The under-cu t portion  of th e  casting  when 
“  blocked o u t ” en ta ils  ex tra  p a tte rn  m aking in 
term s of an add itional core box. This is, how
ever, well com pensated alone by th e  am ount of 
hand-m oulding tim e  which can be saved, irrespec
tiv e  of thq  possibility, th a t  is d istinctly  evident, 
of jo lting  up th e  mould to  th e  upper ring  on a 
m oulding machine.
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DISCUSSION.

Mu. G l o v e r  asked for a rough idea of the re la
tive  costs of o rd inary  n a tu ra lly  bonded cores and 
oil-sand cores. M r . W e s t , in reply, s ta ted  th a t  in 
com paring any costs the  decision depended not 
m erely upon, the  in itia l price b u t ra th e r  the  u lti
m ate  results one had in view. The h igher p ri
m ary  cost of oil sand had  compensations in  the 
way of quicker production, handling conveniences, 
reduction  on fe ttlin g  costs, and considerably b e tte r 
finish in te rna lly  of th e  castings. These advan
tages were not so m arked when using o rd inary
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sand. As to actual d a ta  lie had  no t any a t  h an d  
which he could give w ith  accuracy, b u t fe lt sure 
from his own experience th a t  oil-sand cores could 
he m ade to  do- all th a t  was required  of them  as 
cheaply, if n o t cheaper th a n , o ther m ixtures.

M r . H o w a r t h  asked if M r. W est had  found 
th a t  oil-sand cores sometimes gave way and sagged 
in th e  mould, even when chaple ts were used, for 
^ in. m etal sometimes cam e o u t f  in . m eta l _ in 
th e  top  portion . H e re fe rred  to  a s tra ig h t pipe 
casting  7 f t .  in length  and flanged a t  e ith e r end.

M r . W e s t  replied  th a t  cases had  occurred, b u t 
he found th a t  i t  was no t due to  sagging, fo r th e  
use of chaplets in  th e  bottom  prevented  th a t .  The 
real reason was, th a t  when th e  p ipe core was 
made in  halves, as described, a ce rta in  am ount of 
subsidence took place du rin g  th e  d ry ing  in  th e  
oven, so th a t  a f te r  pasting  th e  two halves to g e th er 
th e  core would have been found eccen tric  had  i t  
been jigged. I t  became necessary, therefo re , in 
general p rac tice  to  allow £ in. p er foot fo r subsi
dence in  th e  core-box.

M r . V e r n o n  inqu ired  a s  to  th e  compositions of 
th e  various core-oils which w ere offered to  
foundrym en.

M r. W e s t  said th a t  i t  was n o t possible on such 
an occasion to consider any  p ro p rie ta ry  m ix tu re , 
b u t when once th e  basic p rincip les of oil-sand 
m ixing is assim ilated, th en  any foundrynjan  would 
be in  a position to  select th e  m ix tu re  best su ited  
for his p a rticu la r needs. I t  was always w orth re 
m em bering th a t  a s tra ig h t oil, like linseed oil, 
has been well tr ied , and has been proved to  be 
definitely reliable. Em ulsions and  cream s in v a r i
ably carried  a large p roportion  of w ater in th e ir  
compositions.

M r . M ea 'd o w c h o f t , a fte r  com plim enting th e  lec
tu re r , said he was particu la rly  in te rested  in  th e  
dry ing  question. There had been d is tin c t ad 
vances in  th e  m ethod of dry ing  cores, b u t he 
always found th a t  very good resu lts were ob tained  
by passing 20,000 cub. f t .  of a ir  th rough  th e  ovens 
p er hour to  g e t th e  fine n u t brow n colour, and 
m a in ta in in g  th e  tem p e ra tu re  abou t 250 deg. C. 
This was n o t ob tained  if  th e  te m p e ra tu re  was too 
low. The necessary am ount of oxygen was an im
p o rta n t fac to r. H e had  found  th a t  th e  presence
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of sa lt was no d e trim en t to  m aking of oil-sand 
cores—it  helped to  bind the  sand grains. H e did 
no t hesita te  to say th a t  th e  base of all oil-sand 
cores should be linseed oil.

M r . P e l l  a s k e d  i f  M r .  W est h a d  f o u n d  d if f ic u l ty  
in  h a n d l i n g  c o re s  i n  t h e  g r e e n  s t a t e ,  w h ic h  w e re  
m a d e  w i t h  a n  o i l  b o n d .

M r . W e s t , i n  r e p ly ,  p o i n t e d  o u t  t h a t  t h e  a d d i -  
.  t i o n  o f  g u m s ,  r e s in s ,  m o la s s e s  i n  c e r t a i n  p r o p o r 

t i o n s  t o  t h e  m i x t u r e  g a v e  a  g o o d  g r e e n  b o n d ,  su ffi
c i e n t  t o  e n a b l e  t h e  c o re s  t o  b e  c a r r i e d  a b o u t  w i t h 
o u t  a n y  d if f ic u l ty .

Vote of Thanks.

M r . J o h n  J a c k s o n , in  proposing a vote of 
th an k s to  M r. W est, said he was most in terested  
in the  subject, because he had been th rough  the  
Leyland W orks and had seen th e  system of m aking 
cores there. The production of cores as outlined 
in the  lecture was, he believed, only in its  infancy, 
and he hoped th a t  in  the  course of tim e i t  would 
develop extensively. M r . V e r n o n  seconded, and 
the  lec tu rer having acknowledged, th e  meeting 
th en  closed.
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Scottish Branch.

THE PRINCIPLES OF CENTRIFUGAL CASTINGS AS  
APPLIED TO THE MANUFACTURE OF “ SPU N  

IRON PIPES.

By E. J. Fox and P . H. Wilson, respectively Managing 
D irector and Foundry M anager of the Stanton Ironworks.

T here * are  a t  p resen t six p lan ts  in  th e  world 
ope ra tin g  M. de L avaud ’s p a ten ts  (under licence 
from  th e  In te rn a tio n a l de L avaud C orporation ,

L im ited), nam ely :—In  Canada:—The N ationa l Iron  
C orporation , L im ited , T d ro n to ; in th e  U nited  
S ta tes—th e  U nited. S ta te s  C ast-Iron  P ipe  & 
Foundry  Company, B irm ingham , A la., and  th e  
N ational C ast-Iron  P ipe  Company, B irm ingham , 
Ala. (sub-lioensees of the  U n ited  S ta tes C ast-Iron  
P ipe  & F oundry  C om pany); in  J a p a n — Messrs.

F i g . 1 .— R a w  M a t e r ia l  B u n k e r s .
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Tsuda & Company, O saka; in Belgium—Com
pagnie G énérale des Conduites d ’E au , Liège, and, 
of course, tlic p la n t a t  S tan ton , which may be 
claimed to be the m ost modern and largest p lan t 
in existence for the production of “ Spun ” iron 
pipes.

I t  is proposed to  consider th e  principles 
governing th e  De L avaud process as m anu-

F i g . 2 .— T r a v e l l in g  C a r r ia g e  f o r  H a n d l in g  
S t o c k .

fac tu red  a t  S tan ton , also th e  finished product, 
‘‘ th e  Spun iron p ipe ,”  and th e  te s ts  to which 
it  has been subjected, also how i t  acquits itself 
under these tests. Before doing so, a b rief descrip
tio n  of th e  p la n t will be given'.

The raw  m ateria ls, pig-iron, scrap, coke and 
lim estone are discharged from wagons on an
elevated railw ay into bunkers. These bunkers
(F ig . 1), tw en ty  in num ber, are constructed of 
ferro-concrete w ith steel linings, and each has a 
capacity  of 15 tons of coke, 40 tons of coal, 100 
tons of pig-iron or 80 ton,s of limestone All raw
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m aterials are  system atically  analysed in th e  Com
pany’s laboratories before being discharged in to  
th e  bunkers, th e  various grades of pig-iron being 
placed iit respective bunkers according to  th e  
silicon content. .

T ravelling beneath  the  bunkers are  electrically  
operated  tw o-ton trav e llin g  carriages (F ig . 2), 
upon which is fitted  a weighing m achine. Skips

F ig . 2a.—R eab V iew  of the T ravelling 
Carriage.

are  ru n  on to  these carriages, and  can be p u t in to  
position under any p a rtic u la r  bunker. Special 
discharge ap p a ra tu s  a t th e  bottom  of th e  bunker 
enables th e  o pera to r to  contro l the w ithdraw al of 
th e  m a te ria l from  th e  bunker.

The skip  is th en  w ithdraw n from the  bunker 
carriag e  by an  electric  hau lage gear, and  coupled 
to  th e  charg ing  hoists, as is illu s tra ted  in  F ig . 3.

These hoists are hydraulically  operated , th e  arm  
upon which th e  skip is suspended is ra ised  to  th e  
top  of th e  cupola. The opposite end of th is  arm  
is guided by m eans of rollers ru n n in g  on rails.
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These ra ils  are  so shaped th a t  the skip is taken  
in to  th e  to p  of th e  cupola, when th e  contents are 
discharged autom atically  by bottom  doors. The 
em pty  skip  is then  lowered to th e  carriage  and 
re tu rn ed  to  th e  bunkers. The cupolas (Fig. 4) 
are  of m odern design w ith drop bottoms, and have 
a  m elting capacity  of 10 to  15 tons per hour. B last 
is supplied by, fans having a capacity  of 8,000

F i g . 3 .— C h a r g in g  H o i s t .

cub. f t . of a ir  per m inu te  a t a  p ressure of 16 to 
3 0  in. w ater gauge. The m olten m etal is tapped 
into th ree-ton  casting  ladles (Fig. 5), which are 
conveyed to th e  casting  shop by means of a  five- 
ton  electric crane ru n n in g  on a te lpher runw ay.

The casting  m achine used and th e  processes 
followed have previously been described and illus
tra ted .*

The o u tp u t per m an per sh ift is e igh t tim es 
g rea te r by th e  “ Spun ” process; a t  the  same tim e 
im proving considerably th e  conditions under which

* I'O l'N DItX  TRADE J o u r n a l , A u g u s t  14, 1924.
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the worker can operate . F ig. 6 illu s tra tes  th e  con
d itions which ex is t in  a vertical sand cast pipe 
p it. F u rth e r , on account of th e  increased s tren g th  
of th e  “ Spun ” m etal, which will be shown la te r, 
i t  is possible to  effect a saving of 25 per cen t, in 
the w eight of th e  pipe, in consequence of th e  m eta l 
in th e  “  Spun ” p ipe being n o t less th a n  70 per 
cent, s tronger th a n  th a t  in th e  s tan d a rd  sand  cast 
pipe.

F i g . 4 .— T h e  C u p o l a  P l a n t .

Fig . 7, ef seq., show th e  difference in  th e  frac 
tu re  or “ Spun ’ ’ iron and sand cast pipes, also 
th e  m icro-structure  of sim ilar m eta l in  th e  two 
pipes a t  th e  sam e m agnification.

Speed of Rotation of Mould.
The speed of ro ta tio n  of th e  mould is an im por

ta n t  fac to r in  th e  sa tisfac to ry  p roduction  of cen
tr ifu g a l castings. This speed ‘lies betw een a  m in i
mum, below which th e  m etal fails to  hold up 
against th e  mould face; and a m axim um  which is 
determ ined by th e  speed capabilities of th e  casting  
m achine. The optim um  speed is known for each
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size of pipe cast, and has been found by numerous 
tests carried  o u t on pipes cast a t varying speeds.

H aving  determ ined the correct centrifugal force 
necessary to  give the best results on any particu la r 
sized pipe, i t  was found th a t  th e  ideal speed could 
be calculated  for any size of pipe, th e  rad ius of 
gy ration  being tak en  a t  the  m ean d iam eter. I t  
follows from  th is  th a t  th e  thickness of the  pipe

F i g . 5 .— C a s t in g  L a d l e  f o e  H a n d l in g  t h e  
I k o n .

m ust be tak en  into consideration in arriv ing  a t 
the speed of ro ta tio n  for pipes of various 
diameters'. The ra te  of flow of th e  m etal and the  
traverse  of th e  mould re la tiv e  to  th e  spout 
(referred  to la te r) have a d is tinc t bearing on the  
peripheral speed of the mould.

T h a t an ideal speed should exist has been clearly 
confirmed by P ardun ,*  who s ta te s : —

“ W hereas up to  th e  critical speed the  cen tri
fugal force is sufficient in order evenly to spread 
th e  band of liquid, when the  critical speed is 
exceeded the  iron begins to ‘ lead ’ in the  mould,

* P a r d u n  ; S la li l  a n d  E isen . V ol. 44 , N o 25. T r a n s la te d  in  
F o u n d r y  t r a d e  J o u r n a l , O c t. 2 , 1021.
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the po in t of ro ta tio n  hav ing  a tendency  to  escape
to  zones of lower pressure exerted  by ad jacen t
particles. T h a t is,, these partic les reach places 
where th e re  a re  no partic les already. W ith  
increasing speed of ro ta tio n  and  consequent 
increasing pressure th is tendency to  ‘ lead ’ m ust 
increase.”

Rate of Flow of M etal.
The process itself consists of th e  deposition of 

a  continuous spiral of m eta l inside a ro ta tin g  
cylindrical mould. I t  is th u s  clear th a t  to  p ro 
duce castings of un iform  section th e  m eta l m ust 
flow a t  a constan t ra te  (F ig . 10). This is
achieved in p rac tice  by the  simple ye t ingenious
design of the  t i lt in g  ladle, which delivers m etal

thus causing the  sp irals to  d isappear or p a rtia lly  
to overlap. The advancing liquid band becomes 
th in n e r in p roportion  to the  am oun t of ‘ lead ,’ 
and hardens p rem atu re ly  before the  m ain  je t  
travels over it. There is, therefo re , a k in d  of 
vrelding effect produced.

“ The phenomenon of ‘ lead ’ is caused by the  
fac t th a t  cen trifugal force ac ts  in ttvo ways, 
namely, axially  and rad ially . In  p ro jec ting  
liquids th e  axial p ressure becomes a resu lt of the  
rad ia l pressure, th e  partic les m ost rem ote from

F i g . 6 . — S a n d  O a s t  P i p e  P i t .
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a t a uniform  ra te  th roughou t the  casting  opera
tion . A nother im portan t fac to r involved in the 
in troduction  of m etal in to  the mould is the ra te  ' 
of delivery from the  pouring spout, and the angle 
a t  which th is  delivery takes place.

F rom  experim ents m ade in th e  early  stages, the 
ideal ra te  of flow was ascertained, giving sufficient 
velocity to  th e  m olten m etal to ensure a smooth

F i g . 6 a .— C e n t r i f u g a l  C a s t i n g  M a c h i n e .

deposition in  the  mould, and a m inim um  loss in 
tem p era tu re  in th e  pouring  spout, which is 
approxim ately  14 ft . long.

In  o rd e r to  m a in ta in  a regu lar ra te  of flow, the  
m achine is so designed th a t  the m etal passes over 
a lip o r w eir g iving i t  the  necessary constan t 
im petus. The ideal direction  of flow of th e  m etal 
leaving th e  spout would be if the  ta n g e n t to  the 
mould a t  the  po in t where the  m etal touches it  for 
th e  first tim e coincided w ith the  ta n g en t to  the 
parabolic curve, described by the  m etal. This is, 
however, in p ractice impossible, b u t the spout 
end has been so designed, and is placed in the



mould in  such a position as to m ake th e  angle 
between the  two tan g en ts  very small.

Rate of Traverse.
F rom  the foregoing rem arks in respect to  ra te  

of flow it  becomes obvious th a t  th e  speed of 
traverse  m ust be closely correlated  w ith the  ra te  
of flow. Thus, th e  speed of trav e rse  m ust he a 
constan t th roughou t th e  casting  process, otherw ise 
uneven section of p ipe long itud inally  would 
resu lt. The cross-sectional a rea  of th e  trough 
varies according to  th e  size of p ipe m ade,
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F i g . 7 .— S a n d  C a s t  (U p p e r ) a n d  S p u n  P i p e  
( L o w e r ) .

different sizes being used for pipes from  4 in. to  
15 in . dia.

The synchronising of these th ree  m ovem ents, 
nam ely, the  ra te  of ti l t in g  th e  m etal, th e  speed 
of th e  traverse  of th e  m achine and  th e  periphera l 
speed of th e  mould, is a A'ery im p o rtan t fac to r in 
correctly deposing the  stream  of m etal and  avoid
ing excessive “  lead ” re fe rred  to  above.

Casting Tem perature.
In  th e  production  of sa tisfac to ry  cen trifuga l 

castings it  is im p o rtan t to  observe th e  following 
conditions in respect to m etal co n d itio n s :— ( 1 ) 
The m etal m ust en te r  the  mould in a tru ly  flu id  
condition—it is essential th a t  th e  m eta l should 
flow easily, otherw ise th e  cen trifu g a l action  would 
be unable to  e x e rt its full effect; (2 ) th e  m etal
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m ust en te r the  mould as a tru e  liquid. The p re
sence of p rim ary  crystals in any bulk m ake it  
impossible to  seoure a smooth inside to  the cast
ing  ; and (3) the  m eta l m ust flow in  an  even 
stream  down th e  pouring  spout. B earing in mind 
the  sm all cross section and extrem e length  of the 
spout, I t  is clear th a t  a sluggish m etal would give 
an  uneven flow, especially in th e  machines pro
ducing small pipes.

F i g . 8 . — M i c r o p h o t o . o p  S p u n  I r o n  x  
100 d i a s . ,  E t c h e d  10 p e r  C e n t . 
N i t r i c  A c i d .

The requirem ents enum erated  are  only achieved 
by the  use of hot m etal. Excessive superheating  
of th e  m etal is harm ful, as excessive “ lead ”  is 
thereby  produced. I t  is n o t usual, however— 
assum ing norm al cupola practice—to  obtain  a 
tem pera tu re  which is too g reat.

Since the  trough  ,dim ensions of the machines 
m aking pipes of large d iam eter a re  g rea te r in 
respect to  section of channel, and since a la rger 
mass of m etal is being dealt w ith, it  is riot neces
sary  th a t  the  m etal used on these machines should
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thorough skim m ing—gives rise to  rough  insides 
and o ther defects in th e  castings.

N um erous te s ts  have been carried  o u t to  
ascerta in  th e  physical effect on pipes cast a t  
different tem pera tu res. By reference to  th e  
g raph  F ig . 1 1 , i t  will he seen th a t  best resu lts 
ob tained  from  S tan to n  iron a re  w ith  a tem p era
tu re  lying between 1,200 and  1,250 deg. C. These 
curves, a re  ob tained  from  th e  average of a large 
num ber of tes ts  m ade on rin g  and b ar te s t  pieces 
cu t from  th e  pipes cast w ith m etal a t  vary ing  
tem pera tu res.

be as ho t as th a t  used on th e  sm aller ones. In  
ac tua l p ractice , m etal ta k e n  from  the  cupola in 
the  large ladle is first used for th e  small m achines 
and la te r  for th e  larger m achines. The range of 
casting  tem p era tu re  perm issible in  m aking pipes 
4 in . to  15 in. dia. is 1,200 to  1,250 deg. C.

The necessity of a rran g in g  th e  cupola p ractice 
to  secure a clean m etal can be em phasised here. 
D irty  m eta l—owing to  th e  inab ility  to  ensure

F i g . 9 .— M i c r o p h o t o . o p  S a n d  C a s t  I r o n  
x  1 00  Di a s . , E t c h e d  10  p e r  C e n t . 

N i t r i c  A c i d .
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Metal C om position .
I t  will be shown th a t  very definite segregation 

occurs in m etal cast centrifugally  ; thus to  ensure 
freedom from excessive m igra tion  of the elem ents 
th e  m etal needs to  possess as sho rt a cooling range 
as possible. The ideal composition is, therefore, 
a eutec tic  melt.

In  th e  practice referred  to  pig-iron of one. 
b rand is used, Nos. 3 and 4 foundry grades being

F i g . 10.—T h e  S p i n n i n g  M a c h i n e .

supplied. On th is  account the to ta l carbon of 
th e  re-m elted m etal is almost constant, th e  onlv 
variab le  elem ent is silicon. I t  is therefore  pos
sible to  control the  m etal by silicon conten t alone.

F o r example, using a pig-iron giving a re 
m elted m etal w ith 3.5 per cent, carbon, i t  can 
be proved—neglecting o ther elem ents—th a t  3.0 
per cent, silicon will give a eutectic m elt. E x ten 
sive experim ents made on pipes cast from th is 
iron showed th a t  excellent resu lts were obtained 
witli 2.95 p er cent, silicon. This proves th e  su it
ab ility  of a very close cooling range.

R
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M igration of E lem ents.
Segregation  of elem ents in  “  spun ”  castings 

has been closely stud ied  by tak in g  successive 
p lanings from  a section of p ipe and  subjecting

them  to  analysis. The resu lts a re  shown in 
graph ica l form  in  F ig . 12.

S ilicon— This elem ent is uniform ly  d is trib u ted . 
Only substances in  suspension can  be segregated  
in  th e  ^centrifugal p rocess; no effect is produced 
on substances in  solution. S ilicon is p resen t in 
the  m etal in solution, and there fo re  no m ig ra tion  
takes place. The g raphs for silicon a re  ho rizontal 
in each case.
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Sulphur . — M anganese sulphide and  iron sul
phide a re  not soluble in  G am m a iron, they  possess 
a low specific g rav ity  and the  form er has a high 
m elting  poin t. I t  is easy to  realise th a t  these 
compounds ten d  to  accum ulate on the  inside of a 
cen trifuga l casting . The graphs show clearly the  
m arked inw ard m ig ra tion  of su lphur.

I t  is rem em bered th a t  no m igra tion  occurs in 
the ex trem e ou ter sk in  o f 't h e  casting , owing to  
th e  quenching effect which i t  has undergone. 
W ith  such h igh ra te s  of cooling th e  o u te r layer 
of m etal becomes solid so quickly th a t  th e re  is no 
tim e for any segregation  to  occur.

M anganese —Such m anganese as exists as sul-

F i g . 13.— F r a c t u r e  o f  S p u n  I r o n , 
s h o w i n g  C h i l l e d  F a c e .

pliide m ig ra tes inw ards, as described under su l
phur. The residual m anganese, being in solution, 
spreads itself evenly th rough  the  mass.

Phosphorus.—The g raphs show th a t  th is  elem ent 
accum ulates tow ards th e  outside of th e  castings. 
This is explained by th e  low m elting  po in ts and 
high specific g rav ity  of th e  phosphide eutec tic . 
This eutec tic  operated  upon by rad ia l force exudes 
outw ards th rough  the  solidifying mass, and since 
i t  does n o t solidify above 950 deg. C. i t  builds up 
on th e  outside of th e  casting  ju s t beneath  the  
chilled portion  already referred  to.

Graphite.
Carbon as g rap h ite  ex is ting  in the metal d u ring  

the early  stages of solidification m igra tes inw ards 
on account of its low density . This is clearly  in d i
cated  on th o  graphs. S ince an  approxim ately  
eu tec tic  m elt is used, the  m igra tion  is no t consider
able ; it  would be much more m arked in carbon- 
rich m etal owing to  th e  rap id  decomposition of
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prim ary  cem eiitite ; in fac t, if such a m etal were 
used th e  inside of th e  pipes would con tain  a large 
proportion  of kish.

Com bined Carbon.
In  unannealed  pipes th e  preponderance of the 

combined carbon occurs on the  outside of the  cast
ing. This is to  be expected, as the chilling effect 
of th e  mould causes a rap id  ra te  of cooling in  th is

F i g . 1 4 .— M i c r o s t r u c t u r e  o f  C h i h l e d  
P o e t i o n  o f  S p u n  P i p e  x  120  d i a s . 
E t c h e d  10 p e r  c e n t . N i t r i c  A c i d .

p a r t of the casting. The ra te  of cooling is much 
less rap id  as the  inside of the  casting  is 
approached, and for th is  reason the  combined 
carbon percentage becomes considerably less.

Effects of Elem ents.

Silicon .—From  the p o in t of m etal control th is 
elem ent is th e  most im portan t. Silicon possesses 
the  p roperty  of prom oting g raph itisa tion—it  is 
easier to  sa tu ra te  a silicious iron w ith carbon th an  
i t  is to  sa tu ra te  pure iron. By vary ing  th e  silicon
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con ten t i t  is possible to ob ta in  an  iron  super
sa tu ra te d , sa tu ra te d , or und er-sa tu ra ted  in respect 
to  carbon. C ontrol of th e  silicon con ten t m akes 
i t  possible—know ing the carbon conten t—to  secure 
an alm ost eu tec tic  m elt, which for th e  process is 
ideal. Silicon tends to  destroy chill, b u t if p resen t 
in large q u an tity  is prone to  m ake th e  m etal 
sluggish.

F i g . 15.— M i c r o s t r u c t u r e  o f  S p u n  P i p e  
C a s t  i n  H o t  M o u l d  x  120 d i a s . 
E t c h e d  10 p e r  c e n t . N i t r i c  A c i d .

M anganese.

This e lem ent exerts  its  usual effects. I t  favours 
th e  p roduction  of chill, exerts  a h a rden ing  
influence and im proves ten s ile  stren g th . By com
bin ing  w ith su lp h u r i t  causes th e  inw ard  m ig ra tion  
of th e  la t te r  elem ent. The m anganese con ten t, 
0.3 p er oent., in  th e  m etal used in  th e  process 
under review is too low to  cause much effect.

Phosphorus.
Tensile and bending s tren g th s a re  im proved by 

th is e lem ent up to 0.8 per cent. P ., and li tt le
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d e trim en t to m echanical properties occurs if 1 . 5  
per cent. P . is not exceeded. Above th is  am ount 
th e  h a rden ing  and em brittling  oflects of phos
phorus make themselves apparen t. Phosphorus 
aids sp inn ing  by m aking th e  m etal more fluid; by 
m aking th e  cooling ran g e  longer i t  tends to  p ro
m ote g raph itisa tion . This can, however, he 
counteracted by th e  ad justm en t of the  silicon 
content.

F i g . 1 6 .— M i c r o s t r u c t u r e  o f  C h i l l  x 
3 5 0  D i a s . E t c h e d  10 p e r  c e n t . N i t r i c  
A c i d .

Sulphur.
This elem ent is opposite to  silicon in  its  effects. 

I t  favours production of chill and generally tends 
to  close th e  g ra in  of the m etal. I f  p resen t in  any 
q u an tity  i t  is most harm ful.

Carbon.
The carbon content is fixed by the  class of pig- 

iron in use. H igh carbon gives a sluggish m etal 
quite  unsu ited  to tbe  process. Low carbon gives
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a free-runn ing  iron which lias a decided tendency 
to  chill. The requ irem en t for th e  process is th e  
correct ad ju s tm en t of the silicon and carbon con
ten ts  so as to secure a m etal ju s t sa tu ra te d  w ith 
carbon.

Production of the Chill.
A rem arkable fea tu re  of the  castings produced 

by th is process is th a t  the o u te r skin of th e  m etal

F i g . 1 7 .— M i c r o g h a  p h  o f  t h e  M i d d l e

S e c t i o n  o f  a  S p u n  P i p e  x  10 0  d i a s .
E t c h e d  10  p e r  c e n t . N i t r i c  A c i d .

is chilled (Fig. 13). N orm ally a cast iron  of such 
a composition cannot be chilled by m ost severe 
quenching when east in  sections o ther th a n  cen tri- 
fugally, com parable w ith  th e  th ickness of a 
“  spun ”  p ipe. Three in te restin g  sim ple ex p e ri
m ents were perform ed to  s tudy  th e  conditions p ro
ducing th is  chill : —

(1) A pipe was cen trifugally  cast under norm al 
conditions. T he usual chill was produced. F ig . 14 
shows the  m icro-struc ture  of th e  ex trem e o u te r 
edge of th e  pipe. (2) A pipe was cast in a hot
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mould, no cooling w ater being used. No chill was 
formed. F ig . 15 shows the m icro-structure of th is 
o u te r ed g e ; and (3) M etal was poured in to  a 
stationär}- water-cooled mould. No chill was 
found.

These experim ents show th a t  w ater cooling and 
cen trifugal action con tribu te  to the  form ation of 
th e  chill. The mould, ro ta tin g  in  w ater which is 
constantly  c ircu lating , m ust possess a chilling sur-

F i g . 1 8 .— M ic r o s t r u c t u r e  o f  t h e  I n n e r
S e c t io n  o f  S p u n  P ip e  x 100  d i a s . 
E tc h e d  10 p e r  c e n t . N it r ic  A c i d .

face capable of securing m axim um  cooling effects. 
The m etal nearest to the  mould face suffers the 
m axim um  quenching effect, and th u s  cools so 
rap id ly  th a t , in sp ite  of its composition, i t  has 
no tim e to graphitise .

Microstructure.

Unannealed Castings .—The • section of pipe 
reveals, on microscopical exam ination , th ree 
d is tinc t fie lds:— ( 1 ) The o u te r chill; (2) the  middle 
cellular s tru c tu re ; and (3 ) th e  inner fibrous 
struc tu re .
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The chill (F ig. 16) is definitely th e  well-known 
austen ite-cen ien tite  eu tec tic  along w ith  p rim ary  
austen ite , in  th e  case of u n d er-sa tu ra ted  m e ta l; 
or w ith decomposed p rim ary  cem entite in th e  case 
of super-sa tu ra ted  m etal. The chill exists, as 
already explained, on account of the  high ra te  of 
cooling secured in  th e  process. The crystals of 
cem entite  and austen ite  are trap p ed  in th e ir

F ig . 19.—Microstructure of Annealed 
Spun P ipe x 120 dias. E tched 10 per 
cent. N itric Acid.

orig inal forms, hav ing  no tim e to decompose. The 
m icrograph (Fig. 16) shows th e  n a tu re  of the  
chill, th e  crystals are elongated, hav ing  th e ir  
o rien ta tio n  norm al to  th e  chilling face of th e  
mould.

The m iddle section  is cellular (F ig . 17). In  th is  
section th e  ra te  of cooling is less severe and  decom
position of the  o rig inal au sten ite  and  cem entite 
has occurred. G raph itisa tion  is alm ost com plete, 
although th e  ra te  of cooling has been sufficiently 
high to  cause the  g raph ite  to  sep ara te  in  an 
exceedingly fine form. Some m arten s ite  sorbite is
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occasionally present. The phosphide eutectic is 
shown to be d is tribu ted  in a  very fine form.

The,, inner section  is of a coarser n a tu re  (Fig. 
18); i t  is found in all b u t small pipes of th in  
section. This s tru c tu re  is rep resen ta tive  of a still 
slower ra te  of cooling, th e  general field being 
g rap h ite  in  a m a trix  of silic-o-ferrite. The graph ite  
is noticeably coarser, being in th e  form of rosettes, 
A gain th e  phosphide is in a finely d is tribu ted  
form.

F ig . 20.—Special T ransverse Testing 
Machine for P ipes .

Annealing or Norm alising.
The chill on th e  o u te r skin of the  pipe described 

is hard  and m ust be destroyed. The austen ite  
cem entite being in an extrem ely unstable condi
tion , readily  responds to h ea t trea tm en t. This 
h ea t tre a tm e n t is a  tim e-tem pera tu re  process of 
th e  usual k in d ;- th e  continuous furnaces used are 
arranged  in respect to  both tim e and tem pera tu re  
so as to  enable the chill to  be completely decom
posed. The eutec tic  cem entite graphitises, and 
the rem ainder of th e  s tru c tu re  decomposes to  an 
approxim ately  fe rrite -g rap h ite  stru c tu re , some 
m artensite^sorbite also being usually present. The 
m icrograph (Fig. 19) shows th e  s tru c tu re  and 
emphasises its extrem ely fine natu re .



I t  has frequently  been suggested th a t  the  chill 
form ed on th is type  of casting  is harm fu l. I t  is 
agreed th a t  chill itself is no t desired, being b a rd  
and  b rittle , b u t when completely norm alised i t  
possesses extrem ely good m echanical p roperties, 
which do much to  im prove the  quality  of th e  pipe.

A nnealing o r norm alising as p ractised  does not
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F ig . 21.—Transverse Testing Machine 
for Cut Samples.

affect to  any e x te n t th e  m iddle and inner sections 
of the  pipes. *

The enhanced properties of spun  m eta l can be 
ascribed to  th e  s tru c tu ra l fea tu res  ob ta ined  by th e  
ra te  of cooling in conjunction  w ith  cen trifu g a l 
force, producing a fine deposition of th e  g rap h ite , 
th e  fine d is tribu tion  of th e  phosphorus, also a 
general reduction  of g ra in  size.

M echanical Tests.
The m echanical te s ts  m ay be divided in to  two 

sections— “ Tests on pipes as pipes ”  and “ Tests 
on the m etal as produced by th e  cen trifu g a l pro
cess.”
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"The te s ts  in  th e  first section were designed to  
determ ine the  resistance of the  p ipe to  such 
stresses as a re  likely to 'o c c u r under w orking con
d itions, e.g., in ternal pressure, ex te rn a l load and 
tran sverse  s tra in s  due to  incorrect laying o r e a r th  
subsidence.

The tes ts  in  th e  second section include the  de te r
m ination  o f tensile s tren g th , moduli of ru p tu re , 
m oduli of e lastic ity  and  hardness tests.

F o r these tes ts  five d ifferent sizes of pipes were 
chosen, nam ely, 4, 6 , 8 , 10 and 12 in . dia. Some 
tw o hundred  of these pipes were used for the  
investigation , and  well over te n  thousand obser
vations were m ade. The average of all these tests 
will be given.

In  order to  ob ta in  tru ly  rep resen tative results 
th e  collecting of the  sample pipes for te s t was 
spread over a  period of fou rteen  m onths. As i t  
was deemed advisable to  compare the  results from 
different experim ents w ith  ce rta in  factors con
s ta n t, a  system  was devised to  obtain  th is. The 
pipes were m anufactu red  singly, in  batches of 
th ree , and in batches of six, b u t in no case were 
two sets of th e  sam e size of pipe taken  on  the 
sam e day. T he pipes received no special t r e a t
m ent, they  were spun and annealed in th e  usual 
way, and th e  details of m anufactu re , tem pera tu re  
of m etal, etc., were noted.

Hydraulic Pressure Tests on 12-foot Lengths.

The object of th is  te s t was prim arily  to  de ter
m ine th e  u ltim a te  bu rsting  pressure of pipes of 
vary ing  size and  thickness. The m ethod of te s t
ing  these pipes to  destruction  was as follows: — 
Suitable east iron end plates, m achined to  form 
a jo in t capable of w ithstand ing  a h igh pressure, 
were held in  position by ex ternal tie  rods. The 
hydrau lic  pressure was applied by a high-pressure 
hand  pum p and th e  b u rs ting  pressures were read 
on  a gauge w ith a te ll-ta le  po in ter. The gauge 
used was checked a f te r  each experim ent against a  
s tan d ard  gauge.

Before testing , each pipe was carefully  mea
sured, and a fte r  bu rsting  th e  thickness was 
ob tained  by m eans of a m icrom eter a t  twelve 
places along the  length  of the  pipe, th e  maximum , 
minim um  and average being recorded.
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Due to the  high end-pressure necessary to  make 
the jo in ts in  th is  te s t, i t  was ev iden t th a t  longi
tu d in a l stress w-as exerted  on the pipes by tig h te n 
ing the  bolts. The te s t was, therefore , repeated  
on sho rt sections 5 'ft. in leng th  c u t from different 
portions of the  pipe.

The object of th is te s t  was th re e fo ld :— (1) To 
ascerta in  if any one sectional length  of the pipe 
wras stronger th a n  the  o th e r ; (2 ) to  find th e  e rro rs 
due to  th e  possible bending of th e  longer leng th  
of p ipe; and (3) to  compare the  b u rs tin g  pressures 
w ith resu lts from  o ther experim ents carried  out 
on sam ple bar c u t from  the  pipes.

The tensile  figures ob tained  from  th e  b u rs tin g  
pressures can only be looked upon as re la tive .

The form ula used fo r ca lcu la ting  these i s : —

f t  =  tensile s tren g th  in lbs. per square inch.
R , =  outside rad ius of the pipes in  inches.
R 2 =  inside rad iu s  of th e  pipes in  inches.
p =  hydrau lic  pressure in lbs. p er square inch.
The figures shown in Table 1 give th e  average 

results obtained.

T a b l e  I.— Tensile. Figures Obtained from Bursting Tests.

Bursting pressure. 
Lbs. per square in.

Calculated 
tensile 

strength. 
Tons, per sq. in.

Dia. Aver Aver
of age age

pipe thick 1 2  it. thick 5 ft. 1 2  ft. 5 ft.
in ness length. ness length. length. length.

ms. in ins. in ms.

6 0.367 2,800 0.351 3,200 12.75 14.51
8 0.354 2,500 0.398 2,850 13.30 14.41

10 0.427 2,250 0.444 2,650 13.58 14.45
12 0.442 2,000 0.448 2,300 13.46 14.65

is O' resu lts are available 'for the  4-in. pipes as 
th e  ,b u rs tin g  pressure of these is h igher th a n  
th a t  ob tainable by the  pum p and tackle used, 
viz , 6,500 lbs. per sq. ill.
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F o r com parison w ith th e  above there  is given 
in  Table I I  th e  figures obtained from  sim ilar tests 
on 5-ft. lengths of sand cast pipes.

T a b l e  II .—Tensile? Strength of Sand Cast Pipes calculated 
from Bursting Pressures.

Dia. of pipe 
in ins.

Thickness 
in ins.

Bursting
pressure.

Lbs. 
per sq. in.

Calculated
tensile

strength.
Tons 

per sq. in.

'  (1 0.424 2,050 6.94
8 0.481 2 ,200 8.87

1 0 0.507 2,050 9.58
1 2 0.545 1,550 8.04

The figures for the  short lengths a re  consistently 
h igher th a n  those for the full length  pipes, th is 
being due to  the  g rea te r bending effect on  the 
longer pipes due to  end pressure exerted by the 
bolts.

F rom  th e  above figures i t  will be seen th a t  the 
s tren g th  of th e  spun pipes was on an average 74 
per cen t, above th a t  of the sand cast. The fiver- 
age calculated  tensile s tren g th  was 14.5 tons per 
sq. in, for “ s p u n ”  pipes 5 f t . long, compared 
w ith  8.36 tons per sq. in. for sand cast pipes. 
These figures appear low, b u t i t  w ill be proved 
la te r  by o ther tes ts  th a t  th is  is due to  combined 
stresses set up in  th e  pipes by th is method of te s t
ing.

External Pressure Test (Line Load).
In  order to ob tain  a m easure of the resistance 

of the  pipes to  ex te rn a l loads, such as heavy 
vehicular traffic and trench  filling, th is  te s t was 
made.

The press used consisted of four hydrau lic  cylin
ders suspended from  a cross-piece form ing p a r t  of 
a  substan tia l fram e. Sections 24 in. and 12 in. in 
length  cu t from  different portions of each of the 
pipes were te s ted  in  th is  m achine. Before being 
tes ted  the ex ternal d iam eter of th e  sample was 
m easured a t four different places to  the accuracy 
of 1 1100 of an inch . A fter th e  te s t th e  thickness 
was m easured w ith a m icrom eter a t six points 
along the frac tu re  and the  average noted.
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The modulus of ru p tu re  was calculated from  the  
fo rm u la : —

, , , , ’ 6 (W (D, -  t)Modulus of ru p tu re  =  x  ------------------------
where W =  weight applied in lbs.

t  =  thickness of pipe in  inches. 
b = le n g th  in inches.

The p o in t of th e  first frac tu re  was observed, 
which occurred a t  th e  top  or a t  th e  bottom  of the 
pipe, these being the  po in ts a t  which the  m axi
mum stress takes place.

The average results are  given in  Table I I I : — 
Table I I I .—Modulus of Rvrpturc of Spun Pipes calculated 

from External Pressure Tests.
Dia. of pipe 

in ins.
Thickness 

in ins.
Load per foot 

in tons.
Modulus of 

rupture.

4 0.383 8.5G 60,060
6 0.379 6.72 54,767
8 0.394 5.47 53,595

10 0.442 5.78 55,257
1 2  ' . 0.441 4.46 52,081

Transverse Test on P ipes.
Pipes were la id  in  th e  ground  o r when sup

ported  011 beams are  subjected  to  bending 
stresses, and th is te s t was designed to  determ ine 
the s tren g th  of th e  pipes u n d er such conditions 
A machine (F ig . 20) was designed consisting  
mainly of a heavy bed p la te  to  which was a ttached  
a  hydrau lic  ram  as shown. The p ipe  to  be tes ted  
was supported  on the  bed-plate on two supports 
10 ft. a p a rt. The supports were of cast iron  and 
shaped to fit one-quarter of th e  circum ference of 
th e  pipe, and th e  b ea rin g  surface was 1 -in. broad.

The load was applied a t  two points, 4 f t .  a p a rt, 
sym m etrical w ith  th e  end  supports. The packing 
pieces were sim ilar in  shape to  th e  supports. The 
pressure in  th e  cylinder was re a d  on a se t of 
gauges. The area  of the  cylinder was exactly  
1 1 2  sq. in ., and consequently 1  lb. in  th e  gauge 
represen ted  a load of 1 cw t. on th e  pipe. The 
deflections w ere m easured to  an accuracy of 
1 / 1 , 0 0 0  of an inch by m eans of a v e rn ie r dep th  
gauge on a ta i l rod , which was fixed to th e  ram .

As before, th e  pipe to be tested  was first care
fully m easured. The am ount of th e  deflection was 
noted under five different loads. A fte r th is  th e
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load was increased steadily up  to  the  breaking 
point, and  gauge readings were recorded. The 
thickness was th en  measured a t the  frac tu re  w ith 
a m icrom eter.

I t  was deemed preferable to  apply the  load a t 
two poin ts ra th e r  th a n  one, because, by th is  means, 
th e  maximum s tra in  was p u t on  a fa irly  long 
leng th  of pipe instead  of a t  only one point. Also, 
in th is  way, th e  deform ation of th e  pipe in  its 
cross-sectional p lane was reduced, w ith a conse
qu en t reduction  of error.

U nder the  conditions of th is  experim ent the  
deflections were m easured a t  the  po in t of applica
tio n  of the  load, and therefo re  th e  m aximum 
deflection a t  the  cen tre  had  to  be calculated.

The m odulus of e lastic ity  was calculated from 
W a=

the fo rm u la ----  - - - (31 -  4a) =  deflection a t point of 
application  of load.

W here W = lo a d : a =  one-half the  difference be
tw een th e  distance between the points of 
application and th e  distance between the  sup
p o rts ; E  =  modulus o f e lastic ity ; I  =  moment of 
in e r tia ;  L =  distance betw een supports.

The value of I being determ ined from : —

I= ¿ -n v -iv )
The deflection used for the  calculation of E  was 

th a t  which was m easured when th e  pipe carried  
a w eight equal to  about 25 per cent, of its  break
ing  load.

The modulus of ru p tu re  was calculated from the  
form ula.

M odulus of ru p tu re  =  — where M = ^ - ^ a n d

(D ,*) — ( D / )  Z
" X 32D,

, r - , - . Wa 32D,M odulus of ru p tu re  =  - j -  -

w ith a =  36 ins., modulus of ru p tu re  =  - ^̂ ^

A lthough th e  bed-plate was designed to  be as 
rig id  as possible, i t  was obvious- th a t  th e re  would 
be some slig h t movement. The m achine was, 
therefore , calibrated , and the results were cor
rected accordingly. Table IV  gives the  average 
resu lt of th is  tes t.
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Transverse Tests on Sam ple Bars.
The following tes ts  were made from  pieces cu t 

from  the  sample pipes to enable a comparison to  
be m ade w ith  spun m etal and the figures usually 
specified for o rd inary  cast iron. The bars were 
c u t long itud inally  from  d ifferent portions of the 
pipe. There were two bars cut from each portion, 
one being 1  in. broad and the  o ther 1- in ., whilst 
the  thickness was th a t of the  pipe.

The tes ts  were ca rried  o u t on the  m achine 
shown in  F ig . 21. The load was applied a t a point 
cen tra l between the  knife-edge supports, which 
were 12 in. a p a rt. The bars were loaded w ith 
regu lar increm ents, a hundred lbs. for the  1 -in. 
bars and 50 lbs. for th e  -J-in. bar up  to  the break
ing point, and th e  deflections were measured. 
These m easurem ents were taken  by means of a 
vernier.

The moduli of ru p tu re  and e lastic ity  were calcu
lated  from  the  usual form ula.

M
Modulus of ru p tu re =  -g-where M =

and Z =  i £
6
3W1

Wl
4

.•.M odulus of ru p tu re =  

M odulus of e lastic ity  =
2 b t2

W l3

W here 1 = b t3
12

48 I  x deflection.

E  =
W l3

48 defl. X
12
b t3'

Wl3
4bt3 defl.

B oth these formulse assume th a t  the section of 
the  bar is rec tangu lar, b u t as these were cu t ou t 
of a pipe, th is  is not the  case, two sides being 
curved. Due to  the shape of the section, the 
modulus of the  figure is evidently  som ething
slightly  bigger th an  —— , and a corrective factor 
has to  be introduced.

U sing the following no ta tions: —
W here b =  bread th  in inches.

t  =  thickness in inches.
R , = o u te r  radius 
R , =  inner radius

th e  pipe from 
■which the  bar has 
been cut.



500

th e  following corrective fac to r for t  was devised :

I b"
+  10R, I t ,

This factor is approxim ate, b u t th e  e rro r is only 
in  th e  th ird  decim al place, and is therefo re  negli
gible, and no g rea te r th an  the  possible e rro rs of 
observation.

F rom  the  figures in Table V i t  will be seen th a t  
the average resu lts for “ Spun ” m etal and sand 
cast are  as follows : —

Spun. Sand cast.

Average modulus of rupture 
Average modulus of elasticity

59,768
15,870,086

45,025
13,910,000

The figure specified for th e  B ritish  s tan d a rd  
transverse  b ar 2 in . x 1 in. te s ted  on 3-ft. sup 
ports, is 28 cwts., w ith a deflection of 0.33 ins.

The figures in  Table V (see page 501) give th e  
average re su lt of all th e  bars tested .

The figures in Table V I show th e  equ ivalen t 
b reak ing  load on a s ta n d a rd  2-in . x 1 -in . b a r 
calculated from  th e  above resu lts .

T a b l e  VI.— Equivalent Breaking I,oad.s on Standard Bar 
calculated from Table V.

Calculated breaking load.
Dia. of pipe. Width of bar 2" X 1" bar X 3' 0" support.

in ins. in ins.
Spun. Sand cast.

Cwts. Cwts.
4 1 47.46 26.8i >45.25 28.7
6 1 42.66 31.85j2 42.07 31.54
8 1 42.77 27.25

.J. 41 .32 29.63
10 1 37.82 30.42

i 39.23 29.66
1 2 Ï 38.05 27.98

i 38.29 29.96

T ensile Tests.
Tensile te s t pieces were cu t from  all pipes on 

which experim ents were m ade. In  those cases in 
which the  whole pipe was used for o ther te s ts , th e
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pieces were cu t from  broken fragm en ts, otherw ise 
they  were cu t from  the  spare  pieces. In  every 
case two pieces were cu t from  the  sam e long itu 
d inal section of th e  pipe and  th e  average resu lt 
used. The average resu lts of 170 tests are  given 
in Table V II  : —

Table V II.-—Tensile Tests of Pieces Cut from Pipes.

Dia. of pipe 
in ins.

Tensile strength.

Spun. Sand cast.

4 19.98 10.58
6 19.10 10.71
8 18.43 1 1 . 0 0

1 0 18.05 11.65
1 2 18.00 10.90

Average 18.71 10.37

The B ritish  S tan d a rd  Specification for cast-iron  
pipes calls for a  tensile te s t of 91 tons per sq. in .

Ring Tests.
Since the  physical p roperties of spun iron are  

so widely d ifferen t from  those of th e  sam e iron 
cast in  sand  moulds, in  o rd e r to  te s t  th e  s tre n g th  
of th e  m etal in  spun iron  pipes i t  is obviously use
less to  cast tran sverse  and  ten s ile  te s t bars in  the  
o rd in ary  way. To c u t them  o u t of pipes is an 
expensive opera tion , so i t  was suggested th a t  rings 
should be cu t from  th e  pipe and tes ted  in a s im ilar 
w ajf to  th a t  of th e  link  of a chain .

This m ethod of te s tin g  th e  s tren g th  of th e  spun  
iron has been adopted by th e  S tan to n  Company, 
and  is much appreciated  by engineers by v ir tu e  of 
the fa c t th a t  the  re su lt ob tained  from  th e  te s t  
ring  represen ts th e  s tre n g th  of th e  m eta l as i t  
exists in  th e  finished pipe. A la rge  num ber of 
experim ents were m ade, in  which th e  rings w ere 
tested  and com pared w ith  tensile  te s ts  pieces cu t 
from  an  ad jacen t po rtion  of the  pipe, and i t  was 
found th a t  th e  following form ula is approx im ate ly  
c o rre c t:—

_  W  ( D - t )
4,000 b t2

W here W = break ing  load in  lbs. ; D = o u te r 
d iam eter of ring  in inches; b =  b read th  of ring , 
and t  = thickness.
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'I'll is form ula may be deduced theoretically  as 
f o l l o w s I t  is commonly known th a t  if a cast- 
iron bar is broken transversely  and th e  maximum 
sk in  tension calculated, th is  m axim um  will be 
about 1.72 tim es th e  tensile streng th  of th e  iron 
in d irect tension . In  breaking a ring  th e  bend- 

x . W  ( D - t )  , ,
m g m om ent is    and the resisting  mom ent

is the  m axim um  skin tension in lbs. per

square inch is
6 W ( D - t )  

2  a- b t2
This will be equivalent to

, 6 W ( D - t )streng th  of   ------- ’ -
a d irect tensile 

in tons per

square inch, i.e. which agrees very

2 a b t2 X 2,240 X 1.72 
AV ( D - t )
4,034 b t2 

nearly  w ith th e  above form ula.
The average resu lts of the  series of tests under 

consideration are  given in Table V III , also the 
results obtained from  a sim ilar num ber of rings 
cu t from  sand-cast pipes for comparison.

Table V III.— Ring Tests on Spun and, Sand Cast Pipes.

Dia. of pipe 
in ins.

Modulus of rupture.
Calculated 

tensile strength 
in tons per sq. in.

Spun. Sand cast. Spun. Sand cast

4 79.280 47.800 20.75 1 0 . 8
6 72.113 46.200 18.89 11.09
8 71.300 47.650 18.68 1 1 . 1

10 07.800 47.200 18.2 10.64
12 65.600 46.650 17.8 10.58

From  th is te s t the  average modulus of elasticity  
of the spun pipe calculated from  the increase of 
vertical d iam eter =  15,877,000.

B rinell Hardness Tests.
Small pieces were tak en  from  every broken pipe 

and also each ring  used on th is te s t, and were 
tested  on a B rinell hardness machine, using a 
ball 1 0  mm. d ia. and pressure 1 , 0 0 0  kilo, for
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15 sees. Readings wel'e taken  from th e  outside 
of the  pipe, th e  inside, and th e  middle of th e  
frac tu re . The average hardness num ber of ap 
prox im ately  2 ,0 0 0  resu lts is 182.

Conclusion.
Ifi conclusion, i t  is the  opinion of the  au tho rs  

th a t  in  th e  course of tim e  th e  m ethods of casting  
iron  described in  th is P ap e r will ta k e  th e  place 
of the  more usual m ethods w hich have been th e  
practice  in  th e  past.

In  expressing th is opinion, the  w riters do not 
overlook the  fa c t th a t  th e  S tan to n  Company, who 
a re  ce rta in ly  by fa r  the largest p ipe m akers in  
Europe, and probably in the  world, will be th e  
g rea te s t sufferers, in consequence of having to  dis
card  p lan t, p a tte rn s , jigs, e tc ., on a scale obviously 
in  excess of w hat would he necessary in  th e  case 
of an u n d e rtak in g  w ith a sm aller capacity  of 
p lan t.

The characteristics of th e  spun iron  are  so o u t
s tan d in g  th a t  i t  can only be a question o f tim e 
before th e  process replaces older m ethods.

F rom  a comm ercial p o in t of view perhaps th e  
g rea te s t d isadvantage to th e  universal adoption  
of th e  cen trifuga l m ethod of m ak ing  iron  pipes 
is th e  fa c t th a t  unless th e  p ipes a re  m ade on an 
extensive scale, and  unless m an u fac tu rin g  o p era
tions are  continuous, nam ely d ay  and  n ig h t, th e  
full advan tage  is n o t being ta k e n  of low m an u 
fac tu rin g  c o s ts ; and i t  follows from  th is  th a t  the  
process will only be adopted  by those concerns, 
and in those countries where an extensive dem and 
is assured. In  p lain  language, th e  advantages of 
the  spun  pipe can he sum m arised u n d er th e  follow
ing  head ings : —

(1) The resu lting  pipes aro  s tronger, and can 
consequently be m ade th in n e r th a n  the  o rd in a ry  
sand  cast pipes. The la t te r  are  purposely m ade 
th icker th a n  th e  ac tua l requ irem ents dem and, to  
allow for irreg u la ritie s  in  m oulding and  possibili
ties  of flaws in  th e  m etal.

(2) The resu lting  pipes can be relied upon as 
being un iform  one w ith  th e  o ther, independen t of 
th e  skill of th e  m anual labour employed. The 
necessity in  th e  case of th e  process of m ak ing  spun 
pipes lies in th e  d irection  of m a in ta in in g  th e  
m achinery in good condition, and does n o t rely  to
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th e  sam e ex te n t upon labour. I t  will be agreed 
th a t  of the  two i t  is easier to  m ain ta in  m achinery 
a t  concert p itch  th a n  i t  is to rely upon th e  more 
vary ing  factors associated w ith  every-day labour.

(3) The fac t canno t be overlooked th a t  th e  o rd i
n a ry  methods of m aking iron pipe necessitate em
ploym ent of labour under conditions fa r  from con
genial, an d  th e re  is no disguising th e  fa c t th a t  
d u ring  recen t years th ere  has been a difficulty in 
g e ttin g  apprentices to  follow in th e  footsteps of 
th e ir  fa thers . N ot u n n a tu ra l ly / th e  youth  of th e  
coming g enera tion  drops in to  work where the  sur
roundings and working conditions are as amenable 
as possible. I t  follows from  th is , therefore , th a t  
a process which largely dispenses w ith  th e  dis
agreeable conditions of o rd inary  pipe m aking, m ust 
have its advantages.

(4) L ast, and n o t least, the  process is one which 
cannot fa il to produce pipes more cheaply th an  
p resen t methods.

F inally , i t  is always difficult to  introduce any
th ing  new into so conservative a country  as E ng
land. The fact, therefore, th a t  up to  th e  end of 
November, 1925, over 1,673 miles of these pipes 
have already been made and supplied m ust be 
looked upon as satisfactory , and th a t  of these 
1,073 miles of pipes, 73 per cent, represent repeat 
orders placed by those who have given th e  pipe 
tr ia l, speaks for itself.

The p lan t laid  down a t  S tan ton  for m aking 
these pipes is tu rn in g  o u t some 25 miles per week, 
in sizes vary ing  from 4 in. up to  15 in. dia.

There is no reason to  believe th a t  pipes of larger 
d iam eter could not be equally well made by th is 
process, b u t the dem and for the  larger sizes of 
pipe is a good deal more e rra tic , and i t  is doubtful 
w hether a p lan t would be justified unless it  was 
kep t in fa irly  continuous operation . This it 
would be difficult to  do when m aking sizes over 
ond above th e  ord inary  “  bread  and b u tte r  ” 
sizes. _____

DISCUSSION.

Synchronisation of Movements.
Mtt. H erbert raised the question of the speed 

of moving the mould and the tipp ing  of the dis
charge synchronising with each other. These two
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movements were worked by hydraulic pressure, 
and, so far as he understood, they were not geared. 
Therefore, one had- to depend on the opening of 
the hydraulic valve for synchronisation, and he 
did not think that was practicable.

Mb . Wilson replied  to  th e  effect th a t  th e  
pumps which supplied w ater-pressure for opera ting  
these m achines were of the  cen trifu g a l type, 
and, in addition , th e re  was fixed on the  m ain  a 
special type of a ir  receiver wdth a  capacity  suffi
c ien tly  large to  m ake up the sligh t v a ria tio n  in 
pressure caused by th e  various m achines w orking 
together. In  practice, they  found th a t  i t  was 
possible to  work w ith in  lim its sufficiently accurate  
for th e  production of a pipe uniform  in thickness.
M b . H erb e rt added that it would be interest

ing to learn whether they could spin the mould 
too fast.

Mr . W ilson 'pointed o u t th a t  the  speed of 
ro ta tion  of the  mould was a very im p o rtan t factor, 
and  th a t  th e  correct speed had  been ascertained  
for each size of p ipe  cast, th is  speed hav ing  
been arrived  a t  by num erous te s ts  carried  o u t 
on pipes cast a t  d ifferen t speeds. I t  is possible 
to sp in  a mould too- fa s t, as, if th e  speed in 
creased to  any ex ten t beyond th e  optim um  speed, 
i t  would have an adverse effect on th e  quality  
of the  pipe.

Tests for C.I. Pipes.
M!r. H erbert said th a t  20 tons per sq. in . 

tensile s tren g th  had  been m entioned fo r spun 
pipes, and  th ere  were also some figures re la tin g  
to  th e  actual bu rs ting  pressures. In  th e  spun 
pipes he believed i t  worked o u t a t  abou t 14 | 
tons p er sq. in ., and, on an average, a li tt le  
over 8 tons per sq. in. for sand-cast pipes. 
H e added th a t  th e  only th in g  he could say 
was th a t  8 tons per sq. in . on th e  m etal in  th e  
o rd inary  cast-iron  pipes corresponded w ith  w hat 
they  would ge t in  an o rd inary  te s t, b u t u n d e r
stood th a t  9 ’ tons was asked for in  th e  B ritish  
s tan d a rd  specification, which he considered too 
much.

In  answer to th e  first p a r t  of M r. H e rb e rt’s 
question, M r . W ilson  referred  to  the  p a r t  of 
th e  P ap e r in which i t  was expressed th a t  the 
tensile stren g th  calculated from  the  b u rs tin g
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pressures was low, both for sand-east and spun 
pipes, and th is was due to combined stresses set 
up in  th e  pipes, due to th e  high end-pressure 
necessary to make a satisfactory  jo in t to w ith 
stand  such a h igh pressure. The resu lts given 
la te r, on separa te  te s t bursts, proved th a t  the 
m etal in both classes of pipe was considerably 
stronger th an  th a t  calculated from  the bursting  
pressures.

M r. F ox pointed o u t th a t  he did no t agree 
w ith  Mir. H erb e rt th a t  9-1- tons per sq. in. ten 
sile stren g th  specified by the B ritish  S tandard  
Association was too  high for o rd inary  cast i ro n ; 
a t S tan ton  W orks they had  no difficulty in ob ta in 
ing a figure som ething higher th a n  th is in the ir 
o rd inary  sand-cast m etal.

Water H am m er.
M r. Gardiner asked if any enlightenm ent could 

be given w ith regard  to  the  m anner in which 
these pipes stood up to shock, say, through  w ater 
ham m er. W ere they  quite as good as sand-cast 
pipes?

Mr . Wilson pointed  o u t th a t  they had paid 
p a rticu la r a tten tio n  in  th e ir  investigations in 
te s tin g  pipes to  ascertain  th e ir resistance to  shock. 
F o r the  purpose of th e ir  investigations they 
had constructed  a special ty p e  of machine for
drop testing . F o r the  purpose of th is te s t the
pipes were supported  on a cast-iron  saddle, and 
the  w eight dropped a t various heights, w hilst th e  
pipe was under in te rn a l w ater pressure. The
results obtained from th is te s t proved th a t  the
spun pipes, although 25 per cent, ligh ter, gave 
b e tte r  resu lts  th an  th e  th icker sand-cast pipes.

Migration of Elem ents.
In  reply  to M r. C am pion on the question of 

the  m ig ra tion  of the  m anganese, th is elem ent 
tends to  m ig ra te  to  the  inside of the pipe, when 
present as m anganese sulphide. In  the  S tanton 
spun pipe, th e  m anganese is present to  the ex
te n t of 0.35 p e r cent. The su lphur p resen t is 
sufficient to  convert the whole of the m anganese 
in to  m anganese sulphide, so th a t , in  the case 
of S tan ton  spun iron, there would be no m an
ganese p resen t other th an  the sulphide.



In  the case of an iro n tw ith  a h igher m anganese 
content^ th e  excess m anganese over th a t  requ ired  
to  combine w ith the  su lphur would be p resen t 
as m anganese carbide.

M r. Campion suggested th a t this manganese 
carbide would migrate along with the iron 
carbide.

M r. W ilson s ta ted  th a t  in th e ir opinion th is 
m anganese carbide would be sp read  evenly 
th rough  the  mass. The au thors have no definite 
d a ta  to  suppo rt th is  sta tem en t, excep t th e  fa c t 
th a t  the  m anganese carbide would be in  solu
tion  along w ith  th e  iron  carbide, and  solutions 
do n o t m igrate . The carbon as g rap h ite  m igrates, 
bu t n o t th e  combined carbon.

Carl P a rd u n , in “  S tahl und E isen ,”  A ugust 
28, “ P rincip les of C en trifugal C asting ,’’ ex
pressed a sim ilar opinion to  the  above. H e said : —

“ So long as m anganese is combined w ith 
su lphur i t  m igrates tow ards the  in n e r zone.

“ I f  the am ount of m anganese combined w ith 
•sulphur is deducted from  the  to ta l m anganese 
i t  is found th a t  the  residual m anganese is p rac
tically  equal in  ex te n t in  all zones.”

The figures given in  th e  P a p e r re fe r to  th e  
to ta l m anganese.

Growth of “ Spun ” Iron.
In  reg a rd  to* the  question of the  grow th of 

spun iron, th is  is a m a tte r  which a t  p resen t has 
not been investigated . Grey cast iron, generally  
speaking, commences, to  grow as soon as h e a t
ing  begins; in grey cast iron  th e  g rap h ite  is 
much coarser th a n  in  th e  spun iron. I n  th e  
la t te r  i t  was d is tribu ted  in  a very  fine fo rm ; 
th is  fine g rap h ite  d is tribu tion  accounts to  a  large 
ex te n t for th e  increased s tren g th  o f the  spun 
iron.

I t  had been noticed th a t  th is  fine s tru c tu re  
and also the  stren g th  do no t suffer by annealing  \ 
for a sho rt tim e.

Spun iron had been found very good for 
piston rings, b u t they  had  no definite ifigures to  
hand  as to  the  question of grow th.

H e agreed w ith M r. C am pion th a t  th is  sub ject 
offered a d is tin c t field for research.

50*
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Life of Steel M oulds.
W ith  regard  to  th e  life of th e  steel mould, the 

suggestion had  been made th a t  a mould made 
from some special alloy m ight be used. They had 
several veil-know n m etallurgists w orking on 
this sub ject in th is  country, and they  wei'e also 
ca rry in g  ou t experim ents w ith different m ateria ls 
in the U.S.A. Several special alloy steels have 
been tr ied , and the difficulty they had found was 
th a t , if they obtained an alloy which was ideal 
from  one po in t of view', i t  was weak from another. 
W hat was required  was a m ateria l which would 
stand  repeated  outside cooling and inside heating, 
o r the con tinual “ b rea th in g ,”  as i t  was term ed, 
which took place in the  mould itself du ring  the 
casting  of a pipe.

A m em ber asked as to  the  method to be adopted 
in c u ttin g  pipes produced by the cen trifugal 
process, inqu iring  as to  w hether in cu ttin g  a spun 
pipe th e  w’heel should be used. I t  was sometimes 
difficult, he said, to  ge t the  c u tte r in to  use 
owing to  congestion in streets , for example. 
W ith reg ard  to  boring, he asked w hether spun 
pipes were more difficult to  d rill th a n  sand-cast 
pipes?

Mb. Wilson said i t  was his experience th a t 
users of both spun and sand-cast pipes p referred  
using a. diam ond po in t and a flat chisel for cu t
tin g  pipes underground, particu la rly  in  congested 
streets. W heel cu tte rs could be used for pipes 
th a t  required  c u ttin g  above ground. H e also 
pointed  o u t i t  had come to  his knowledge th a t
recently  a machine using a cutting-off tool had
been placed on the m arket. This m achine was 
in  two p a rts , and could be clam ped round the
pipe to be cut, th e  cu ttin g  off portion being drilled
from the ground level by m eans of a chain and 
sprocket wheels.

W ith  reference to  the possibility of cracking 
the p ipé when drilling  for surface connections, 
he had had  no experience of th is trouble, bu t 
th is  m igh t possibly happen in any pipe if an 
a ttem p t was made to feed the  drill too quickly. 
As fa r as tapp ing  was concerned, his firm had been 
com plim ented on th is po in t, as the  th read  pro
duced was much stronger th a n  th a t obtained in 
o rd inary  cast iron. Samples were on the table
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for tlie  mem bers of th e  audience to  inspect a f te r  
th e  m eeting.

C entrifugally Casting in Sand M oulds.

A nother question was p u t from  the  audience 
asking w hether cen trifu g a l pipes could be cast 
by sand moulds in stead  of steel moulds?

Me . W ilson rep lied  th a t  ¡he h ad  h ad  some 
experience of casting  cen trifuga lly  pipes in  sand- 
ram m ed moulds, ru n n in g  the  m etal in to  th e  mould 
in  a sim ilar m anner to  w hat th ey  were doing 
to-day, and th a t  he understood experim ents were 
now being  carried  o u t in  A m erica on  these lines. 
The objection to  th is  m ethod of casting  was, in 
the  first place, th e  production  was considerably 
slower th a n  th a t  which could be ob tained  -from 
a perm anen t m ould; secondly, th e  in te rn a l surface 
of th e  pipes was considerably ro u g h e r; and, 
th ird ly , due to  the  slow ra te  of cooling, th e  pipes 
were very li t t le  s tronger, if  any, th a n  those 
cast in  th e  o rd in a ry  m ethod, and  th a t  lie did 
n o t consider any advan tage  could be claim ed for 
th is  m ethod of casting  over th a t  of th e  o rd inary  
vertically  cast pipes.

M e. I A w r i e  poin ted  o u t th a t  in  th e  te s ts  m ade 
w ith pipes m ade by the  cen trifu g a l m ethod and 
pipes m ade in  th e  o rd in a ry  way, i t  was s ta ted  
by the lec tu re rs  th a t  th e  m eta l was tak en  from  
the  same ladle. T h a t m igh t be, b u t he would like 
to  say  th a t  in  th is  p a rt ic u la r  case th e  m etal 
m igh t be su itab le  for cen trifu g a l casting , and  no t 
su itab le  for sand ca s tin g : consequently, th e  te s t 
would probably  be aga in s t th e  sand-m ade casting . 
H e th o u g h t th a t ,  in  fairness to  th e  old m ethod, 
th a t  should be tak en  in to  account. I f  th e  
silicon was reduced down to  the  necessarv degree 
to  give a strong  sand casting , th ey  would get a 
fa r  b e tte r  te s t. H e congra tu la ted  th e  S tan ton  
Company on w hat they  had  accomplished.

Mr . Wllson agreed w ith  w hat M r. L aw rie said 
w ith regard  to  th e  silicon con ten t in  th e  m etal 
used fo r sand-cast p ipes and spun pipes, b u t 
pointed  out th a t  the  figures shown w ere tak en  
a t  an  early  stage in  th e ir  experim ental work, and 
th a t  the  iron used in  th is  case was su itab le  fo r 
sand-cast pipes. In  o ther words, th e  m eta l was 
tak en  from  a cupola which was supplying m etal



to the  vertical pipe p its  and was not specially 
m elted for th e  production  of spun pipes.

A question was asked if any a ttem p t had  been 
m ade a t  casting  th in  pipes by th is  cen trifugal 
process, and Me . W ilson, in  his rep ly , s ta ted  th a t 
his firm had experim ented in  th is direction, and 
had been able to  produce pipes 6 in. ex ternal 
diam eter, 1 2  ft. long, as low as £ in. thick.
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Wales and Monmouth Branch.

GASES EVOLVED FROM HEATED IRON.

By Ben H ird, M em ber.
In  the following experim ents an  a tte m p t was 

m ade to  discover th e  n a tu re  of th e  gas which is 
given off from  solid pieces of iron w hen th e ir  
tem p era tu re  is  raised. This frequen tly  occurs 
when nails, studs, chaplets, pieces of b a r o r p ipe, 
chills or denseners are  placed in  moulds, and

F i g s . 1 t o  3 .

th e ir  tem p era tu re  raised  by pouring  m olten iron 
around them . The gases given off u nder these 
conditions form  gas holes in  th e  v ic in ity , o r 
d irectly  connected w ith th e  nails, e tc ., which o ften  
cause serious trouble , and  som etimes, loss of th e  
casting  when they  occur on m achined faces, or, 
where p ressure te s ts  a re  required . F igs. 1 to  3 
show blowholes caused by gas given off from  a  
clean 6-in. sp rig  (Fig. 1); a tin n ed  s tu d  (F ig  2); 
and  a tin n ed  pipe nail (F ig  3). These w ere cast 
open in  green-sand experim ental m oulds 2  in . x 
3 in. x 6 in . long, fou r in  each mould. W hen th e  
castings were broken, all th e  sprigs and pipe nails
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showed blowholes, of th e  studs, two were solid 
and two w ere blown.

The first experim en t was carried  ou t as shown 
in F ig . 6 . A mould was m ade in  green sand  from  
a p a tte rn  10 in. dia. by 13 in. long and le f t open 
a t  th e  top . A piece of 1 in. w rought-iron  pipe 
5 /16  in. th ick  in  section, sealed a t  one end  and  
screwed a t  th e  o th e r to  tak e  a reducing socket

F i g . 8.

in to  which a sh o rt piece of ¿-in . pipe could be 
fixed was made. The pipe was g round  up  b rig h t 
on an em ery to  remove all traces of oxide, and 
afterw ards hea ted  to  redness in  a flame to  remove 
all m oisture , th en  allowed to  cool (circa 80 deg.C .). 
W hen th e  mould was filled w ith  m olten  iron , th e  
pipe was pushed down in  th e  cen tre  and held th e re  
by w eights on the  iron s trap s , which w ere clipped 
on to  th e  pipe and took a bearing  on th e  edge of 
th e  m oulding box. A leng th  of ru bber tu b e  con
nected a t  one end to  a 500 cc. gas-collecting b o ttle  
was pushed over th e  ¿-in. pipe. Gas began to
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come th rough  a t  once; a fte r  four m inutes i t  came 
very freely in pulses of four to  five seconds 
in tervals. The bo ttle  was filled w ith gas in twelve 
m inutes, and: a second 500 cc. bottle  was connected 
up. The gas now came more regularly , th is 
bottle  was filled in 28£ m inutes, m aking a to ta l 
of 1,000 cc. of gas in 3 0 | m inutes. The rubber 
pipe was disconnected and a ligh t applied to tho 
end of th e  ¿-in. p ipe ; gas was still coming off and 
ign ited  for an in s ta n t w ith a pale blue flame. 
Looking down the  tube  i t  was possible to discern 
about 1  in. from th e  top  of th e  casting  a num ber

F i g . 9 .

of Small bubbles, the gas ap paren tly  forcing 
its way th rough  the  pipe a t  th is  point. N ex t day, 
when th e  casting  was broken, th e  top portion , close 
to th e  pipe, where th e  small bubbles were seen, w>" 
honeycombed all around w ith blowholes, fo r a 
depth  of 2 in. L arge gas holes extended from the  
pipe into th e  casting  in  m any directions (Fig. 8 ).

E xperim ent with Hollow Cast-Iron C hills.
A second experim en t was made w ith cast-iron 

chills (or tubes) on sim ilar lines to  th e  first. 
F ou r cast-iron chills were m ade 2  in. dia. by 8 in. 
long w ith  a 1  in. hole in the  cen tre , one end solid 
and a ¿-in. gas union cast in the  o ther to  take  
the piece of ¿-in. pipe, as shown in F ig . 5. The

s2
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chills were qu ite  free from ru s t or m oisture  and 
were heated  to  200  (leg. C. before casting  th e  iron 
around them . Several countersinks w ere p u t in 
each chill, th e  ob ject being to  assist th e  gases to 
p en e tra te  to  the  cen tre  bole. E ach mould was 
1 0  in. deep and th e  chill was set in the  cen tre  
ju s t before pouring  th e  iron.

N ok 1, 4 |  in . D iam eter .— H o t iron  was poured 
in to  th e  mould and gas was evolved a t once w ith  
a very quick flow, easing off to  very slow a fte r  
two m inutes. Forty-five m inutes la te r  th ere  was

F i g . 10.

a  sudden increase in  the  flow for about two 
m inutes. The 500 cc. bo ttle  was filled in 85 
m inutes. This casting  was q u ite  solid when 
broken, as shown in  F ig . 9 (1).

No. 2, 6  in . D iam eter.— H o t iron  was again  
poured in to  the m ould; gas came off quickly a t  
once, easing off a f te r  one and a ha lf m inu tes ; 
from  th en  on i t  came away very slowly. The 
500 cc. bottle was filled in 82 m inutes. This cas t
ing was qu ite  solid when broken, as shown in 
F ig . 9 (2).

No. 3, 8  in. D iam eter.—  Once more h o t iron was 
poured in to  th e  m ould; gas came off a t  once very 
quickly; i t  reached m axim um  in  one an d  a half 
m inutes and  could be seen coming in to  the  bottle
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like a  th in  w hite m ist. The gas continued to
evolve freely, th e  500 cc. bo ttle  being filled in 
eleven m inutes. Gas was s till coming away a fte r 
disconnecting th e  bottle. When th is casting was 
broken large blowholes were found, which showed 
d is tinc t proof of coming from  the  chill, as shown 
in F ig . 9 (3).

N o. 4, 10 in. D iam eter .—This tim e dull iron 
was poured in to  the  m ould ; the  gas came off very 
slowly a t  first, b u t a fte r  two m inutes i t  came more 
freely, g radually  increasing. A bout 400 cc. of 
gas was collected in  48 m inutes when th e  flow 
ceased. This casting  was quite  solid when broken, 
as shown in F ig . 9 (4).

The condition of th e  chills when the  moulds 
were bu rs t open was quite  sound and perfect, 
showing no signs of seizing on or d istortion .

Experim ent with Solid  Cast-Iron Chills.
The chills were m ade as shown in F ig. 4, th a t  

is 2 in. dia. x 8 in. long. Three moulds were 
m ade 1 0  in . long x 6  in ., 8 in . and 1 0  in. dia. 
respectively. They were all cast w ith hot iron 
and the  chills were warmed to  100 deg. C. before 
p lacing them  in  the  moulds.

No. 2, 6  in . D iam eter M ould .—Gas came as soon 
as the  mould was filled w ith  iron, th e  flow was 
very slow. There was a d is tinc tly  noticeable 
increase in the  flow of gas about 30 m inutes a fte r 
casting, which lasted for about ten  m inutes; about 
200 cc. of gas was collected in 77 m inutes.

No. 3, 8 in. D iam eter M ould .—W hen th e  mould 
was filled gas came a t once very quickly; about 
200  cc. of gas was collected in e igh t m inutes, the  
500 oc. bottle  was filled w ith gas in  45 m inutes.

No. 4, 10 in . D iam eter M ould .—Gas came off 
a t  once very quickly and  could be seen gathering  
in th e  top of th e  bottle  like a th in  w hite m ist. 
The w ater flowed from th e  o u tle t tube in  a  steady 
stream  for th ir te e n  m inutes, then  eased off to 
115 drops p er m inute. The bottle was filled w ith 
gas in 20  m inutes.

W hen these castings were bu rst open, th e  chills 
showed a  pecu liar d isto rtion , vary ing  in  in tensity  
w ith  th e  d iam eter of th e  castings as can 
be seen in F ig . 10. No. 2 (F ig. 10) was 
very sligh tly  d is to r te d ; No. 3, more s o ; 
w hilst No. 4 was quite  pronounced. When



th e  chill was broken o u t of No. 4 th e  hole form ed 
by th e  chill was pressed back behind where the  
d is to rtion  to  th e  chill is seen in th e  illu s tra tio n  
and a crack about 1 ^ in. long ran  back in to  th e  
casting . W hen th e  po rtion  was broken th rough , 
a large cav ity  ex tend ing  a considerable d istance 
was disclosed, a po rtion  of th is  being  shown in 
F ig . 11 (1). A p a r t  of th e  sam e cav ity  can  be 
seen in  the  left-hand  corner of th e  top  ha lf and 
righ t-hand  corner of th e  bottom  ha lf of F ig . 10
(4). A p art from th is th e  holes form ed by th e  chills 
were qu ite  tru e  to shape. The appearance of th e
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F i g . 11 .

chills suggested th a t  some extrem ely  high pressure 
had been exerted  upon them  w hilst in  a semi- 
m olten s ta te . The fac t of the  holes form ed by the  
chills being qu ite  tru e  and smooth suggests th a t  
th is  d is to rtio n  was caused by th e  gas pressure. 
F ig . 12 shows the  condition of th e  sides of th e  
hole very clearly, also th e  m ethod of collecting 
th e  gas.

W hen broken, No. 2 showed a charac te ris tic  
p ipe opening up in to  la rg er cavities w here th e  
gas, reach ing  th e  m ore liquid  m etal in  th e  cen tre  
of th e  section, has m ore freedom  to  expand. This 
is shown m ore clearly in  F ig . 11 (2 and  3). A 
piece of s tr in g  and  a piece of w ire were placed in 
one of th e  m any p ip e  holes to  em phasise th is 
po in t, which th e  au th o r has o ften  noticed when
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gases have been given off from  solid m etals in
serted  in  moulds, w hether in  th e  form of chills or 
to  be cast-in. A personal theory  is th a t  th e  gases 
a re  given off from  th e  solid iron, a f te r  i t  has been 
raised  to  a certa in  tem p era tu re  by th e  surrounding 
m olten m etal, th e  m etal a round the  chill having 
solidified to  a soft, p u tty  s ta te  before the

F i g . 1 2 . •

gas is given off, so th a t  th e  gas has to  force its 
way form ing sm all pipes o r channels to  where the 
m etal is m ore liquid. H ere th e  gas has room to  
expand, and  forms larger cavities. The casting  
shown in  F ig . 11 (3) had  several sim ilar blowholes, 
h u t th e  p ip ing  was no t qu ite  so pronounced.

T here is here  a phenomenon which is very diffi
c u lt to  explain. The chill in  th e  sm aller d iam eter 
casting  is th e  least distorted , and the  gas has 
pene tra ted  in to  the  casting, obviously w hilst it
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was in a plastic condition. The chill in  No. 3 has 
more d is to rtion  and less evidence of pipe-shaped 
blowholes. The chill in No. 4 is badly d is to rted , and 
there  is only one d is tin c t gas hole lead ing  from  
th e  chill which had th e  appearance of being caused 
by an intense pressure of gas b u rs ting  th ro u g h  
th e  almost-solidified m etal su rround ing  th e  chill. 
One would have expected th e  opposite to  occur, 
and the  la rger d iam eter casting  to  be p en e tra ted  
by th e  pipe-like holes if th e  ou tlined  theory  is 
correct. I t  is no t desired to advance any  dogm a
tic  conclusions, b u t m erely to  sta te , as clearly  as 
possible, th e  resu lts of th e  experim ents m ade in

F i g . 1 3 .
(The m ark on 2A  Casting is  a scratch on the film,.)

th e  hope th a t  o thers will ta k e  up th is  question 
which is so im p o rtan t to  foundrym en.

From  these experim ents and p a s t experience i t  
is recom mended th a t  all who use round  chills of 
th is  ty p e  provide tjjem  w ith a hole th rough  the  
centre, like a ven t, to  give th e  gases a m eans of 
escape.

H eating C hills in  a Coke F ire.
The chill was of the  sam e type  as used in  th e  

previous experim ents w ith  solid chills, th a t  is to  
say, 2  ins. dia. x 8 ins. long., and  also was con
nected up to  th e  gas b o ttle  in  th e  sam e way.

The chill was placed in  th e  fu rn ace  fire a t  3.25 
p.m ., and gas s ta rte d  to  be evolved a t  3.29 p.m . 
The bottom  p a r t  of th e  chill was showing a dull 
red a t 3.30, when th e  pressure of gas caused the
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w ater to  flow from th e  bottle  in a small, steadv 
stream , which reached its maxim um  about 3 .3 3 . 
A t 3.35 th e  chill was red  hot about ha lf way up, 
and the  w ater from  the  bo ttle  had dim inished to  
rap id  drops 120 per m inute. The 500 cc. bottle 
was now about half-fu ll of gas. A t 3.40 the  drops 
had fu r th e r  dim inished to  52 per m inute, and the 
bottle  was about th ree-q u arte rs  fu ll of gas. The 
chill was now red  ho t a t  the  top and w hite ho t a t 
the  bottom , in fac t the chill had ju s t s ta r te d  to 
melt. A t 3.45 the  w ater was coming away a t the 
ra te  of ten  drops per m inute, and there  was 
about half an  inch more gas in th e  bottle. A t 
3.50 drops of w ater had  almost stopped—being 5 
per m inute—half of th e  chill was now m elted away. 
A t 3.55 th ree  drops per m inute , and a t  4.0 o’clock 
th e  gas had stopped coming away from  th e  chill 
and th e  p a r t  which rem ained unm elted was tak en  
ou t of th e  fire.

The gas from these experim ents was tested  in 
an O rsa t Lougue gas analysis ap p ara tu s con tain 
ing four tubes. The au th o r was no t able to  check 
th e  resu lts very carefully , b u t Table I  shows th e  
average of the  resu lts obtained.

Table I.—Composition of Gases evolved, in the experi
ments described.

C02 CO. h 2. 0 .

Experiment No. 1 Wrought 
iron tube Nil. 3.3 66.0 Nil.

Hollow Chills, No. 1 5.5 2 2 .0 Nil. 15.5
2 6 .2 21.3 Nil. 1 2 . 8
3 4.3 13.3 6 . 2 14.2

>> »> 4 .. 7.6 2 0 . 1 Nil. 13.6
Solid Chills No. 2 14.5 17.5 Nil. 5.0

.3 30.5 36.5 4.66 3.0
» ,i 4 9.0 1 2 . 0 NO. 8.0

Solid chill heated in fire . . 5.0 7.5 Nil. Nil.

As a resu lt of ano ther simple experim en t made 
to  prove th a t  gases are given off from  solid iron 
when i t  is a t  a ce rta in  tem pera tu re , i t  is though t 
th a t  by careful research th e  exac t tem pera tu re  
could be found. In  th is case two open sand-moulds 
were m ade as shown in F ig . 7. Iron  was poured 
in to  a thickness of th ree-quarters of an inch into
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each of the moulds. F ig . 13 ( la )  illu s tra tes  a c a s t
ing which was allowed to  cool down to  870 deg. 
C. (taken w ith an op tica l pyrom eter), and then  
p la te  No. 1 was poured  on top  of it. Gas could 
be seen coming up th rough  the  layer of iron and 
burn ing  for an in s ta n t w ith a pale blue flame u n til 
th e  iron se t. W hen th e  p lates were broken a p a r t 
th e  top  p la te  was honeycombed w ith blowholes, as 
shown in Fig. 13 (1).

In  th e  case of th e  casting  illu s tra ted  in  F ig . 13 
(2 a) th e  first layer was allowed to  cool down to  
115 deg. C., tak en  w ith a  therm om eter, before 
pouring  on th e  top  layer. W hen these  p lates 
were separa ted  a f te r  cooling th e  top one, F ig . 13
(2 ) was qu ite  sound and  free from  blowholes.

I t  is well known am ongst those who use chills 
fo r various purposes, such as chilled plough shares, 
rolls, etc., th a t  when chills a re  over a  c e rta in  tem 
p e ra tu re  the  m olten iron will n o t lay quietly  
aga in s t the  chills.
A lthough these experim ents are  ra th e r  crude and 

incom plete, the  au th o r is confident th a t  fu r th e r  
investigation  of th e  phenomenon along th e  lines 
ind icated  will be of considerable value to  the  
foundry  industry .
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Lancashire Branch.

LIQUID SHRINKAGE IN GREY IRON.

By J. Longden, Associate M em ber.

Existing Theories.
C ontinen tal foundrym en, notably Ronceray, 

B runelli and Leonard, had given a good deal of 
though t to  the  question of w hether th e  cavities and 
porosities found in  grey iron  are  to  be a ttr ib u ted  
m ainly to  th e  action or presence of gases, or to a 
simple increase in density  of th e  m etal on crystal
lising. They leaned to th e  view th a t  the  chief 
cause was gas, e ith e r “ en tra in ed  ” in th e  ac t of 
pouring, o r given off from  th e  mould or cores. They 
fu r th e r  suggested th a t  im p o rtan t changes, about 
which little  was known, took place in  cast iron, 
in passing from a high tem p era tu re  to  solidifica
tion . In  th e ir  view th e  liquid  grey iron expanded 
w ith falling  tem p era tu re  and if a mould was 
soundly ram m ed and no risers w ere provided such 
expansion helped to  procure soundness in th e  cast
ing. F letcher, in th is country, had long held some
w hat sim ilar views as to  th e  im portance of the 
question of gas influences, though his conclusions 
were not qu ite  in line w ith those ju s t  referred  to .

Some im p o rtan t principles of a p ractical char
acter were dependent upon th e  answer to  th is ques
tion  of th e  cause of cavities in  grey iron. The 
technique of the  foundry had been slowly b u ilt up 
by generations of foundrym en who believed th a t  
cast iron shrinks on solidifying. W ithou t losing 
s igh t of the im portance of ven ting , experience 
ta u g h t them  th e  need for feeding, by rod or head, 
o r for some a lte rn a tiv e  or supplem entary  method. 
I f  th e  “ gas school ” were correct a tten tio n  m ust 
be d irected  m ainly to  questions as to  m elting con
ditions, venting, and pouring, and as to mould 
m ateria ls.

C, F ig . 1, shows th e  broken boss of a pinion 
w ith cast tee th , weighing 52 lb. The boss had 
1 J in. of m etal all round th e  core, and was joined
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to  the rim  by a solid web, in. thick. The cast
ing was poured through  a pencil ru nner placed on 
th e  rim ; th e  m etal w as'o f the  following composi
t i o n :—Silicon, 2.40; to ta l carbon, 3.40; m an
ganese, 0.45; phosphorus, 1.30; and sulphur, 0.10 
per cent. Was the cavity  shown due to  gas which 
had been en tra in ed  in the  ac t of pouring, or to  
gases from th e  mould or core which had n o t found 
a way ou t?

W ith  a properly-m ade ru n n er basin th e re  ap 
peared to  be no reason why a ir should be en 
tra ined . If  a basin of proper size was used and 
kep t full w hilst casting  was going on, the  ru nner 
was as well sealed as i t  would be if a filter core 
were used. In  th is case a pencil ru n n er was used, 
so presum ably no a ir could have been en tra ined . 
Unless dull iron was used there  was no reason why 
a ir  carried  down w ith th e  m etal should not a t 
once free itself on en te r in g  the mould and pass 
o u t through  the  in terstices of the sand of the 
mould o r the  riser, together w ith th e  a ir  which 
filled the  mould a t the commencement of casting. 
The relative difference in  g rav ity  of cast iron and 
th e  gases concerned was so g rea t as to  make it 
extrem ely difficult for th e  la t te r , if free, to  stay 
below the surface of th e  m etal. In  ho t m etal 
(leaving o u t of consideration for th e  m om ent the  
question of dissolved gases) gas m ust rise to  the 
top ; if i t  could no t escape i t  would be found la te r 
a t  the  top or lodged under some projection. Such 
bubbles could always be related  to  some un su it
able mould condition, and “ blowing ” would have 
taken  place a t  th e  ru n n er o r riser. Therefore it  
could no t be adm itted  th a t  en tra in m en t of a ir 
m ight be responsible for th e  cavity  in th e  boss.

Is gas em itted  from the core or mould a t  a la te r  
stage, when i t  canno t rise  to  the  top  owing to  the 
p a rtia l solidification of the  m etal P The au thor re 
jects th is suggestion. I t  could no t be im agined 
where, a t th a t  stage, th e  m etal could have gone 
to  which occupied th e  space supposed to  have been 
tak en  up by th e  gas. A conclusive p o in t was th a t 
th e  cavity  was pene tra ted  by crystal growths. 
C rystallisation  could no t proceed in gas, only in 
molten m e ta l; therefore th e  spaoe where th e  cavity 
was m ust have been previously filled w ith liquid 
which had drained away leaving th e  s ta rk  skele
ton ou tstanding .
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Leonard Effect.
In  respect of exam ples A and C, F ig . 1, 

th e  question m igh t be discussed w hether the  
defects were due to  w hat h ad  been called th e  
“  Leonard  effect.”  In  o ther words, had gas lodged 
in the  location of the  defect, because such a loca
tion  presented  th e  line of least resistance? W here 
a core was insufficiently dried  o r vented , o r th e  
mould was insufficiently vented , i t  m igh t, some
times, w hilst th e  m etal in  th e  ru n n e r  o r rise r 
was fluid, be easier for th e  gases to  force th e ir  
way th rough  th e  liquid m etal th an  back th rough  
the core o r m ould. B u t here, again , th e  cavities 
;hown had evidently  been form ed when solidifica
tion was ra th e r  advanced. I f  a bubble of gas had 
been trap p ed  in  th a t  cen tra l position w hilst the  
m etal was fluid, no crystals could grow in  th e  
rounded space occupied by th e  gas, and  th e  cavity  
would have th e  .sm ooth, round  form  which was 
always associated w ith  simple gas cavities. One 
could no t conceive of gas forcing its  way from 
mould or cores in to  a section in  which solidifica
tion was so f a r  advanced th a t  a skeleton crystal 
grow th had  been form ed. A t such a  stage  runners 
and risers were frozen, and  m etal could n o t be 
squeezed ou t from  the  casting . How, then , could 
gas force its  way in to  partly-solidified m eta l?  
Probably gas could n o t cause cav ity  or porosity  
in th a t  way.

On the  face of it, th e  idea behind w hat had  
been called th e  “  L eonard  effect ”  was very  
plausible. A cav ity  was a ttr ib u te d  to  th e  emis
sion of gas from  some local piece of th e  m ould or 
core. Very o ften  such defects were found n ear 
to  p a rts  of th e  mould which were difficult to  ven t 
properly, b u t th a t  was only coincidence. The 
im p o rtan t fa c t was th a t  such p a rts  lost h ea t re la 
tively  slowly, and when a po rtion  of a m ould or 
core was badly vented , a p a r t of th e  casting  was 
thereby  kep t h o tte r  th a n  i t  o therw ise would be.
A good v en t was also a good conductor of h e a t__
th a t  of ho t gases from  th e  mould face. The 
resu lting  h o t spot m igh t serve as a feeder for 
su rround ing  p a rts  of th e  casting .

M any foundrym en expressed them selves as 
doubtful w hether th e  appearance of a cav ity  could 
be said to  show w hether th e  cause was gas or not.
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There were difficult m arg inal cases, b u t generally 
speaking  th e  difference was very m arked, in 
m in u te  cavities as well as in  large ones. This 
sta tem en t is confirmed by a  m icrophotograph 
(F ig . 2) of an open-sand-cast b ar, 1 in . x 1 in ., 
th e  las t of fou r which were poured o u t of one 
shank of m etal, each b ar rep resen ting  a stage in 
the  process fo r th e  elim ination  of su lphur. The 
fo u rth  was cast when th e  m etal was rap id ly  n ear
ing th e  pasty  stage. I t  was fluid enough to  allow 
the  gas bubbles to  d istend in  spherical form, bu t 
the flu id ity  was exhausted  ju s t in  tim e to  hold 
th e  bubbles a t  or near th e ir  po in ts of generation . 
The im p o rtan t th in g  to  notioe is the  b righ t, 
rounded appearance of these microscopical 
bubbles, which were photographed a t  a magnifica
tion  of 350 diam eters. The agen t was definitely 
gas, as th e  appearance showed. No dendrites 
were seen p en e tra tin g  them .

Gas Content of M etals.
A llerm an and D arling ton  had  s ta ted  th a t  

ferrous alloys m igh t occlude large q u an tities  of 
gases, in  some cases equal to  20 0  tim es th e  volume 
of th e  m e ta l; and  th a t  hydrogen was th e  most 
readily  se t free, carbon monoxide next, whilst 
n itrogen  was held most tenaciously. Very little  
in form ation  was available as to  th e  am ount of 
gases soluble in cast iron a t  any given tem pera
tu re , though  th e  fac t was well established th a t  
cast iron, when m olten, did con tain  large quan
titie s  of gas. I t  was equally well established 
th a t  large q uan tities  of gas were k ep t in  solution 
a f te r  solidification was complete. C ast iron, how
ever, on passing from  th e  ore in th e  blast furnace 
to the  ladle under th e  cupola spout, had  reached 
w hatever degree of sa tu ra tio n  by gas rep re
sented eq u ilib r iu m ; and i t  did  no t seem reason
able to  suppose th a t  such cast iron could tak e  up 
in to  solution fu r th e r  q u an tities  of gas in  the  
mould. The conclusion, therefore, was th a t  gases 
g enerated  in  the mould m ust pass away as bubbles 
o r be trap p ed  in  th e  sam e condition. This s ta te 
m en t m ig h t requ ire  to  be modified, in  line w ith 
the  views expressed by F letcher, namely, th a t  
mould conditions m ight be responsible for the  
presence of iron oxide in th e  m etal w hilst liquid 
in th e  mould, and th is, reac tin g  w ith carbon.



m ight produce CO, which then  became in s tru 
m ental in producing cavities. Hadfield told them  
th a t  free oxygen had never been ex trac ted  from 
e ith e r solid or m olten steel. Therefore, if oxygen
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was p resen t i t  m ust be as oxide. J .  E . Johnson 
was said  to  have found 0.065 per cent, of oxygen 
in a  cast iron, b u t he ob tained  his resu lts by 
bessem erising a  low-silicon iron from  a  cool- 
ru n n in g  furnace. R elatively  li tt le  B ritish  
foundry  iron to-day came from  such furnaces.
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C om parison with Steel Conversion.

I t  was well established, however, th a t  silicon, 
carbon and  m anganese were s trong  deoxidising 
agents, and  sm all quan titie s  added to  molten 
steel were found to  p rev en t o r reduce th e  tendency 
fo r gases to  come o u t of solution on solidification 
of th e  m etal, and  th u s  to  p rev en t blowholes. 
T hat th e  reactions between iron  oxides and sili
con, carbon and  m anganese were very rap id  
m igh t be gauged from  th e  fa c t th a t ,  in  "a 1 0 -ton 
acid Bessemer blow, 8 5  cwts. of these elem ents 
were oxidised o u t in  9 m inutes. I n  th e  cupola 
the  g rea t bulk of th e  m etal in  th e  well was in 
con tac t w ith  incandescent coke for as long a 
period o r longer. C ircum stances, therefore , did 
not seem favourable to  th e  re ten tion  of iron oxide 
in th e  m eta l up to  reach ing  th e  m ould for cast
ing. B ubbling in  th e  mould, due to  dampness or 
lack of venting , m ight induce a  s lig h t bessemeri- 
sing of th e  m eta l locally. I t  was n o t ce rta in , 
however, th a t  carbon would be oxidised. A t th a t  
low tem p era tu re  i t  m igh t be silicon which produces 
no gas.

Influence of D issolved Gases.

The influence of dissolved gas was p u t by 
F le tcher in  th is  wav in  1918:— “ G rowing first- 
norm ally to  th e  cooling faces of the  mould, th e  
prim ary  austen itic  crystallites, as they  freeze, 
e jec t th e  gases they  contained, when liquid, in to  
th e  suiTounding m olten liquor. Forc ing  th e ir  way 
between th e  dend ritic  branches and  stems, increas
ing in  volume and th e  sm aller bubbles coalescing 
during  th e  advance, they  strive  to  reach th e  centre 
of th e  ingot. The sm aller sk in  crystallites, grow
ing rap id ly , close up th e ir  ranks in  th e  rear, 
d riv ing  before them  th e  gas stream s as th e  
envelope th ickens.”  In  th is  description one saw 
a possible explanation  of th e  presence of cavities, 
which did not depend upon volume change in the  
m etal. B u t i t  could only explain th e  cavities 
shown a t A, B and  C of F ig . 1 if th e  gas were 
o u t of solution and  suspended finely th roughout 
the m etal before run n ers  or risers were s e t ; o ther
wise th e  gases, if  th ere  were no shrinkage cavities 
to  receive them , could only occupy th e  space
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vvliicli they  held when in solution, which was rela
tively negligible. T h a t is to say, if th e re  were 
no liquid shrinkage gas could only form  cavities

by e jec ting  th e  m etal which had  h ith e rto  occu
pied th e  spaces.

A fte r a fa irly  long experience th e  au th o r could 
not recall hav ing  seen on the  su rface  of molten 
or solidifying cast iron any evidence of gases
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being^ given off except th a t  which is often  seen 
creeping up from th e  sides of the  ladle, or from 
underneath  slag on th e  surface of the  m etal—each 
of which cases carried  its own explanation.

In  proof of his views F le tcher advanced the

fac t th a t  an open-sand-cast iron p late  would show 
bubbles on its  upper surface on exam ination  
when cold. These, F le tcher though t, were due to 
gases freed from  th e  m etal rid ing  a t  the  surface. 
B u t th is was by no m eans conclusive. L et any
one cas t two open-sand cast p lates in hot cast 
iron. L e t th e  first be le f t uncovered and the
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second, im m ediately a f te r  casting , be covered 
w ith a th in  layer of fine dry  sand, sieved on care
fully. The upper surface of th e  firs t would be 
found to  be full of holes, ju s t under the  skin , 
w hilst the  second would be as solid as if a top  
p a r t  had  been used. I f  gases cam e o u t of solu
tion  in  th e  first case, why n o t in  th e  second case. 
There could be no question  of pressure. H e  
leaned to  th e  view th a t  th e  subcutaneous 
bubbles found in  th e  first were no t, s tr ic tly  speak
ing, gases from  th e  m etal, b u t were form ed by 
reactions betw een th e  rap id ly  form ing  sk in  of 
iron  and  iron-oxide on th e  su r fa c e ; th e  oxide 
giv ing up its oxygen to  th e  carbon, bubbles of 
gas were form ed and  held betw een downward- 
grow ing dendrites and under th e  fa irly  strong  
skin a t  th e  surface.

W hen gases were coming off m olten steel it 
boiled. On solidifying alum inium  alloys ejected  
gas som etimes produced sm all b listers. I f ,  how
ever, steel was degasified (or a t  any ra te  th e  gases 
were k ep t in  solution over th e  solid ify ing period) 
the  pipe became m ore pronounced. P robably  th e  
m etal which was m ost gas-free was th e  m etal 
which piped m ost read ily  and had  th e  g rea test 
ap p a re n t liquid  shrinkage. R ecen t experim ents 
had dem onstrated  th a t  in  c e rta in  alum in ium  
alloys, when tr e a te d  by a  process which removed 
gases (included if n o t occluded), th e  liquid  
shrinkage fac to r was increased and  an increase in 
density  followed. This was also t r u e  of steel. All 
th is  evidence seemed to  show th a t ,  w hatever be 
th e  degree of im portance of th e  influence of gases, 
there  rem ained, a t  th e  back of i t  all, an  inde
pendent and  su b s tan tia l liqu id  sh rinkage  fac to r, 
which had  to  be dealt w ith  as a sep a ra te  problem .

Experim ental Data.

In  a P ap e r read las t year before th e  F a lk irk  
Section, th e  au th o r ou tlined  some experim ents 
u ndertaken  by him  to . ascerta in  th e  am oun t of 
liquid sh rinkage in  certa in  g rey  irons. T he irons 
used were of th e  m edium  order in  com position. H e 
proceeded upon th is  p rinc ip le : A ru n n e r , of any 
dim ension, is capable of feeding a  casting , in 
some degree, a f te r  pou ring  is complete. H ence, 
if liquid shrinkage is to  be m easured in any
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q u an tity  of m etal, th a t  q u an tity  m ust be isolated 
from  any supply of head m etal. In  moulding, the 
upper surface of th e  p a tte rn  was k ep t perfectly  
level w hilst th e  jo in t was k ep t full and sharp  to  
th e  top  of th e  p a tte rn . W hen such a mould was 
being cast th e  mould filled; then , if th e  head 
was k ep t full, the m etal ran  away th rough  the  
channel provided for i t ; a t  th e  same tim e  there  
was some little  pressure on th e  fla t upper surface 
of th e  mould. W hen pouring  ceased all m etal 
no t required  to  fill th e  mould drained  away. Such 
a casting  had  no head from  which to  draw  sup
plies of new m etal. W ith  each exam ple of th is 
k ind a fu r th e r  mould was made and cast out of 
th e  sam e shank  of m etal. In  the second case, 
however, th e  mould was provided w ith a 2 -in. 
diam eter rise r for feeding w ith the rod. The one 
was then  weighed against th e  o ther, the  idea 
being th a t  equal w eights of m etal of the  same 
composition represented  equal volumes, and th e re 
fore, th a t  th e  difference in w eight fa irly  repre
sented th e  difference in volume. In  green-sand- 
m ade castings the  difference was found to  be 
round about 4.5 per cent., in dry-sand-m ade cast
ings about 2.35 per cent. F u rth e r  experim ents 
w ith the  same p a tte rn  disclosed th e  fac t th a t , 
soon a f te r  casting , th e  shell of th e  green-sand- 
m ade casting  expanded, increasing the  capacity  
of the  block lay 2.737 cub. in ., w hilst the dry-sand- 
made casting  increased its capacity  by 0.707 
cub. in. This showed th a t  the  higher resistiv ity  
of th e  dry-sand mould reduced the  shrinkago 
cavity, because th e  forces which m ade for expan
sion were d irected inw ards to  a g rea te r degree 
than  in th e  green-sand mould. The general con
clusions arrived  a t  were : —

(1) Grey iron shrinks round about 4.5 per cent, 
of its liquid volume on crystallising.

(2) I f  the expansion which im m ediately follows 
crystallisation  be directed wholly inwards, th e re  is 
a residual loss of volume, due to  liquid shrinkage, 
of round about 1.5 per cent.

(3) Quick cooling (as by the  use of chills) does 
no t reduce th e  ra te  of liquid shrinkage, but 
makes for g rea te r solidity only if solidification is 
so speeded up thereby as to  enable new m etal to 
reach the  p a r t  concerned.
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(4) The aggregate  loss of volume due to  liquid 
shrinkage does no t appear to  be appreciably 
affected by tem p era tu re  of pouring  o r composition.

(5) Slow pouring  does n o t reduce th e  ra te  of 
liquid shrinkage, b u t m ay a lte r its  d is tribu tion  
th roughou t th e  casting.

The la te  T. D. W est, from  experim ents m ade 
w ith spheres cast in d ry  sand, concluded th a t ,

F i g . 7 .— S h o w i n g  P r e s e n c e  o f  G r a p h i t e  i n  
R a p id l y  C o o l e d  C a s t  I r o n .

generally, cast iron shrinks about 1  per cen t, on 
solidification. L a te r, a f te r  fu r th e r  experim ents, 
he concluded th a t  th e  shrinkage fac to r was round  
about 2  per cent, for sand-m ade castings and
4.5 p er cen t, for chilled castings. Now if th e  
cavities found in  castings were due solely to  
simple volume change, th e  absolute sh rinkage 
fac to r for an  iron of a given composition would 
rem ain  c o n s ta n t; if th e  cavities were sim ply due 
to  gases which had  come o u t of solution th e  
sh rinkage fac to r would become a cav ity  fac to r
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vary ing  w ith the  am ount of gas held in solution 
and th a t  which may he released on solidification. 
These las t factors m igh t depend upon the  vagaries 
of fu rnace  practice.

In  respect of th e  irons used by th e  w riter in 
th e  experim ents re fe rred  to above, the  phosphorus 
conten ts of th e  m etal ranged  from 0 .6  to  0 .7  per
cent. I t  was also pointed o u t th a t , having regard  
to T u rn e r’s conclusions in  respect of the  post
solidification expansion of phosphoric irons, th a t  
such irons, in  ce rta in  circum stances, m ight show 
no residual shrinkage. In  respect of experim ents 
in  plum bago and gan is ter moulds, which have 
recently  been made w ith  a  view to  proving th a t  
cast iron does no t shrink on solidificaton, i t  is 
w orthy of no te  th a t  the  irons used were of th e  
phosphoric o rder. T he w riter has cast a 5 |-d ia . 
sphere in a plum bago-lined mould, th rough  a  ru n 
ner, on the jo in t, of 2 -J ins. by §-in. cross section, 
in  sim ilar m etal, which proved to  be solid to  th e  
eye. The m etal analysed as follow s:— Si. 2.43, 
C.O. 0.37, G.O. 3.1, P . 1.2, S. 0.1, Mn 0.42. On the  
o ther hand, th e  w riter has cast m any sim ilar 
blocks in plum bago moulds, w ith low P . iron, w ith
o u t succeeding in g e ttin g  a block free from  sh rink
age cavities. One such block is shown a t  E, 
Fig. 1, w hilst D i6 th e  solid sphere in  high P. 
m etal.

In  o rder to see w hether a  g an is te r mould would 
give solid ity  in the absence of any adequate  source 
for th e  en try  of new m etal, a mould was m ade in 
g an ister of th e  dimensions and form shown a t 
F ig . 5. F ive  runners, each f  in. d ia ., were 
placed a t  one end of th e  top p a r t of th e  mould, 
and five risers of th e  sam e size were placed a t 
the  o ther end. The mould was kep t on th e  stove 
bogie for a week, going in  and o u t w ith th e  jobs 
for d ry ing  each day. I t  was th en  cast w ith m etal 
of th e  composition—Si. 2.53, T.O. 3.66, P . 0.65, 
S. 0.08, and M n. 0.42. The m etal was n o t very 
ho t, b u t was very fluid, ru nn ing  quietly through 
the  mould and filling up th e  riser head, which 
weighed 50 lbs. W hen exam ined, the casting  was 
found to  have piped, in th e  form of a shallow 
depression, which covered most of th e  upper sur
face of the  casting, varying in depth from 5  in. 
to  3-16 in. Before closing the  mould, g rea t care
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had been taken  to ensure th a t  the top face of 
th e  mould he perfectly  smooth and flat. The void 
thus ap p aren t in  th e  casting  was about 15 cub. in ., 
rep resen ting  about 1  per cent, of th e  to ta l capa
city  of th e  mould. W hether th e  in te rio r is solid 
o r no t, th e  w riter does not know, n o t h av ing  been 
able to  get i t  sectioned. In  view of these experi
m ents, th e  w rite r c an n o t agree th a t  all g rey  
irons, when cast in to  plum bago or g an is te r moulds, 
do no t sh rink  on freezing.

I t  was probable, however, th a t  high-phosphorus 
irons showed re la tive  solidity  in  such circum 
stances. though no t when cast in to  green-sand 
morxlds.

Influence of Tem perature on Castings.
The a u th o r’s experience led him to  the  eonclu- 

sion th a t  tem p era tu re  differences did no t much 
influence absolute liquid shrinkage, yet th ere  was 
no doubt th a t  pouring  tem p e ra tu re  had  im p o rtan t 
influences on solidity  in  the  casting . Anderson and

T a b l e  I .— Experimental Data.
W eights in lbs.

Test. First Cast. Last Cast. Différé
1 228 222f 5 i
2 230 228 2
3 232 225 7
4 226 225* 4J
5 229* 222 6
6 228

Analyses.
4 C.C. . .  0.39 0.35

Gr.C. . .  3.27 3.38
Si. . .  2.51 2.50
P . . 0.78 0.71
Mn. . . 0.41 0.40
S. - . .  0.68 0.67

Specific Gravity.
4 . .  7.101 7.094

Johnson were of opinion th a t  the  h igher the  
tem p era tu re  a t  which a m etal en tered  a mould 
th e  g rea te r would be its liquid sh rinkage, and 
hence th e  w eight of m etal which could be poured 
in to  a mould a t  a h igher tem p era tu re  was less 
th an  a t  a lower tem pera tu re . As n e ith e r w rite r 
expressly excluded cast iron from  th is generalisa
tion , i t  m igh t be assumed they  both included it.
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B u t w hilst the  princip le was possibly tru e  of some 
grades of cast iron, i t  was n o t tru e  of a soft 
iron which th e  au tho r had  investigated . A 
casting  was moulded on a ja r-ram  turnover 
m achine. The p a tte rn  was of cast iron, highly 
finished, m ounted on a m achined p late. The 
m oulding boxes were un iform  and m achined on 
th e  jo in t faces. Each day, before moulding 
began, th e  sand  was throw n in to  a single heap. 
Each box was given th e  sam e num ber of bumps 
in ram m ing, and the  a ir  pressure was constant. 
E ach day, e igh t moulds were cas t o u t of a  one- 
ton  ladle, e ig h t m inutes elapsing between the 
comm encement of casting  to  th e  finish of casting 
the  eighth  (Fig. 6). A sum m ary of th e  d a ta  in 
respect of six  days’ casts is given in  Table I. In  
every case which he exam ined, th e  last to be cast 
was ligh ter th a n  th e  first. There was no percep
tib le  difference in the  castings except in w eight; 
the  last cast was as sharp  as the  first.

Graphite in M olten Cast Iron.
Some lig h t was throw n on th e  subject by the 

analysis of No. 4 series. The one cast a t  the  
lower tem p era tu re  was lower in  combined carbon 
and higher in g raph itic  carbon, w hilst th e  las t 
cast ' was of lower density  th a n  th e  first. W hen 
th e  e igh t of th a t  series had been cast some of 
th e  rem ain ing  m etal was caugh t in to  a hand- 
ladle and a litt le  was poured, in as th in  a stream  
as possible, in to  cold w ater. A small bu tton  of th is 
of some 6-mm. d iam eter „was polished and etohed, 
and  a m icrophotograph tak en . The m icrophoto
g raph  (F ig . 7) showed th e  unm istakable presence 
of g raph ite , w ith a m a trix  of cem entite  and 
m artensite . F rom  th e  lay-out of th e  g raph ite  
particles i t  m igh t fa irly  be assumed th a t  they 
formed a num ber of flakes which were broken up 
in  th e  crunch consequent upon chilling. I t  was 
too often  assumed th a t  g rap h ite  could no t exist 
in o rd inary  grey irons w hilst m olten. F rom  the  
analysis i t  was ap p aren t th a t  th e  m etal in ques
tion  was hyper-eutectic in  respect of ca rb o n ; bu t 
6o were a good m any cast irons used in the 
foundry . In  th is case th e  g raph ite  had probably 
come from  decomposed p rim ary  cem entite.

The view th a t  molten iron tended to  expand in 
the mould m ight find some support in respect of
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irons of the  type  here  m entioned. I f  g rap h ite  
was libera ted  in  th e  m eta l w hilst liqu id , th e  
la t te r  would ten d  to  gain  in bulk before freezing. 
I f  such m etal was in  th e  mould before separa tion  
took place, and th e re  was no o p p o rtu n ity  to 
throw  back th e  m etal up th e  riser o r ru n n er, th e  
m etal would be denser th a n  if cast a t  a lower 
tem pera tu re . I t  was generally  adm itted  th a t  
pressure alone was sufficient to  h inder th e  fo rm a
tion  of g raph ite . This would seem to  afford some 
explana tion  as to  why castings which were cast 
hot were denser th a n  those which were cast w ith 
dull m etal. W hether th is  was equally t r u e  of 
eu tec tic  or hyper-eu tectic  irons was no t qu ite  so 
certa in .

Smalley had presented  a mass of o rig inal d a ta  
upon th e  subject, which was of immense value to  
every foundrym an. The au th o r d id  n o t agree, 
however, w ith  M r. Sm alley’s p rinc ipal conclu
sion, nam ely : “ Cupola-m elted grey iron, of nor
mal chemical composition, does n o t sh rink  on 
solidification, if poured w ith  a  sufficient degree 
of superheat, and if cooled fas te r th an  a certa in  
critica l r a te .”  T h a t conclusion was based 011 
resu lts achieved by th e  use of chills on a  bed
p la te  casting  and  on th e  resu lts ob tained  from  
th e  use of various compositions cast in  sand  and 
chill moulds. N o th ing  in  Sm alley’s d a ta  proved 
th a t  the  more rap id  cooling reduced absolute 
shrinkage. I t  had  been shown by th e  w rite r  th a t  
quick cooling did no t reduce shrinkage, and th a t  
chills only gave increased solid ity  or fullness if 
solidification was thereby  so speeded up th a t  new 
m etal could flow to  the  p a r t  concerned w hilst a 
liquid  channel was open to  it. This m ay be proved
very simply. Specimens B, C, D and  E , of F ig . 8 ,
a re  sections of four cylindrical block castings, of 
th e  dim ensions shown in  F ig . 13. Each mould was 
m ade o u t of th e  sam e heap of sand. The bottom  
face of each mould was form ed by a chill, which 
was as big as th e  p a tte rn —in fac t, th e  chills were 
sim ilar castings. The head of each was 9 ins.
The d iam eter of th e  ru n n e r of B was f  in ., of
C I f  in ., of D I f  in., and E 2 f ins. These dim en
sions give .cross-sectional areas as follow : —B 
0.31, O 0.99, D 2.1, and  E 3.5 sq. ins. R a te  of 
pouring was equalised by p lacing suitab le  cores in
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th e  bottom  of the  ru n n er basins of C, D and  E, 
which were lifted  o u t w ith a  rod  a f te r  pouring. 
All four were cast in quick succession o u t of one 
shank of iron, a t  an in itia l tem p era tu re  of abou t 
1 345 dog. G. The m eta l had  th e  following com
position : —T.C. 3.07, Si. 1.41, P . 0.31, S. 0.094, 
and M n. 0.41.

The whole were cast w ith in  80 seconds, so th a t  
th e  tem p era tu re  varia tio n  could have been very 
small. B was cast first, and so on to  E. Speci
m en A, F ig . 7, was cast, u n d er sim ilar circum 
stances, on an o th e r occasion. The mould was 
made, however, as shown a t  F ig . 13, w ith  p rov i
sion for all m etal to  flow away which was nor 
necessary to  fill th e  m ould. A chill, equal in  size 
to  the  p a tte rn , was placed on th e  bottom  face, 
and  th e  mould wa6 cast, some 16 lbs. of m etal 
being ru n  th rough  it . The m etal used  h ad  th e  
com position :—T.C. 3.48, Si. 1.51, P . 0.39, S. 0.11 
and M n. 0.50.

The series A to E show a decided progression. 
A, hav ing  no head m etal w hatever, pipes in  some
w hat th e  sam e am ount as i t  would have if no  chill 
had been used. B shows a decided pipe, due to  
th e  inab ility  of th e  sm all ru n n e r  to  keep liquid 
long enough to  feed th e  void consequent on sh rin k 
age; and so, progressively, to E , which is q u ite  
solid.

In  th e  two half-m oulds m ade of cas t iron, shown 
a t  P  F , F ig . 8 , th e  w rite r casts clu tch  blanks, a 
casting  from  th e  chill m ould being shown a t  G. 
I f  very fluid m etal be poured in to  it , th e  mould 
fills, and  th e  m etal in  th e  rise r can  be seen to  
freeze instan taneously . W hen pouring  ceases, the  
m etal in th e  ru n n e r stands up, round ly  oonvex., 
owing to  surface te n s io n ; b u t th is  quickly fla ttens 
and  changes in to  a shallow pipe. T his shows th a t ,  
even w ith such a rap id  ra te  of cooling, a  sh rinkage 
loss needs to  be m ade up from  th e  ru n n e r . This 
noticeable loss, however, is no t th e  to ta l sh r in k 
age loss. H e a t conduction is very rap id , and  a 
good deal of shrinkage is com pensated for w hilst 
pouring is proceeding.

Influence of Length of C ooling Range.

L argely ow ing to  Sm alley’s work, a good deal 
of a tten tio n  had been directed  to  th e  increased
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solid ity  which could be obtained in  suitab le  
circum stances by th e  use of iron h a rin g  a short 
freezing range. Such irons were also the harder 
hav ing  low silicon and phosphorus, w hilst the  
long freezing range  irons had  high silicon and

phosphorus. I f  a given volume of m etal be taken , 
hard  irons tend  to  shrink more th an  soft irons. 
How, then , is i t  possible to  account for g rea te r 
so lid ity  in a casting  m ade in hard  iron  th a n  if 
cast in so ft?  W hilst absolute shrinkage m ust be 
m easured as a proportion of th e  whole of the
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m etal used—i.e ., runners, risers and casting 
together—th e  p rac tica l problem re lated  to  the 
casting  only. I f  i t  was sound i t  was a m a tte r  for 
congra tu la tion  th a t  runners, risers, heads and 
composition had been so a rranged  th a t  they  each 
played th e ir p a r t  in  securing th e  resu lt. The 
harder, denser cast irons were more freely piping, 
and consequently m ight be expected to  bo more 
readily  self-feeding. B u t th a t  was no t to  say 
th a t  such irons did not shrink in solidifying.

I f  tw o rep resen ta tive  m etals were taken  of the  
following o rders: (1) T .C ., 3.50; Si, 1.25; Mn, 
0.60; P , 0.20; and S, 0.10 per cen t., and (2) 
T .C., 3.30; Si, 2.30; M n, 0.60; P , 0.78; and S, 
0 . 1 0  per cen t., th e re  was a g rea t difference in  the 
mode of solidification. In  (1) crystals would 
begin to  grow when th e  tem p era tu re  was as high 
as 1,230 deg. C., and w ith a fu r th e r  fall of 80 deg. 
C. its whole volume would be solid except some
2.5 per cent, of phosphide eu tectic, which froze 
a t  about 960 deg. C. In  (2) crystallisation  would 
begin a t  about 1,165 deg. C ., and w ith a  fu r th e r 
tem p era tu re  fall of 16 deg. C. the  only rem aining 
liquor would be th a t  of th e  phosphide eutectic, 
which would here am ount to  9.75 per cent, of th e  
to ta l volume, also freezing a t  about 960 deg. C. 
Obviously th e  h a rd e r iron had th e  longer freezing 
range  from incip ien t to  m ain  solidification, b u t it  
was th en  nearly  complete, w hilst th e  so fter iron 
had  ye t 9.75 per cent, of its  volume liquid. In  
the  first case, freezing having begun a t  a h igher 
tem p era tu re  and  proceeding more slowly to  m ain 
solidification—probably in a m ore fluid liquor 
th a n  in  the  case of th e  softer iron—th e  early  
formed dendrites m igh t tend  to  d r if t  away from 
th e ir  a ttachm ents in  response to  a downward sag 
of the  m etal consequent on a dem and for more 
liquor from  below. On th e  o ther hand , in th e  
soft iron, th e  crystal skeletons hav ing  been formed 
a t  a lower tem pera tu re , and m ore quickly, were 
buoyed up som ewhat by a more viscous liquor, 
and th e  grow ing tendrils m ight quickly grow rig h t 
across a section, leaving shrinkage to  proceed 
w ith in  in tercrysta lline  com partm ents and p reven t
ing  th e  flow of liquid to  isolated heavy sections. 
H ence i t  was possible to  reconcile th e  paradox th a t  
an iron w ith the  h igher absolute shrinkage m ight 
give a casting  w ith the  g rea te r solidity.



Influence o f S low  Pouring.

The practica l foundrym an had evolved his p rac
tice  w ith  a view to  th e  e lim ination , as nearly  as 
possible, of sh rinkage defects. F ir s t,  he chose 
m etal of the  r ig h t com position, th en  he cas t very 
slow ly; he m igh t use chills, th e  feeding rod, o r 
provide a su bstan tia l head of m etal to  serve as 
a  reservoir to  m eet th e  requ irem ents of th e  cas t
ing. Slow pouring , w ith  h o t m etal, had  an 
im p o rtan t sphere of usefulness. F o r m any  sm all 
troublesom e jobs i t  was very successful, p rov id ing  
an easily applied and certa in  cure for m any o th e r
wise perp lex ing  problems. The au th o r had  
found it  p a rticu la rly  useful as an aid to  p roducing 
pulleys and  gear blanks up to  a w eight of about 
2 cwts. F or pulleys he had  found a ru n n e r  to  
casting  ra tio  of 0.25 sq. in. p er cwt. of casting  
very sucoessful. Such a ru n n e r , in  th e  form  of a 
rec tan g u la r sectioned s lit, placed on th e  rim , 
produced a clean casting , clean on th e  rim  and  
in th e  boss when bored. The usual m ethod of 
casting  a pulley was by p lacing a ru n n e r  on the  
boss which needed to  be fed w ith  a r o d ; i t  had 
very ind ifferen t resu lts , so fa r  as soundness was 
concerned, unless such a boss was cham bered. F or 
castings of heavier section th a n  th a t  of a pulley, 
a ru n n e r to  casting  ra tio  of n o t m ore th a n
0 .2  eq. in. per cwt. of casting  was sufficient.

H e had  never secured a defin itely  sound casting  
where any section was g rea te r th a n  2  in . by m eans 
only of th e  pencil ru n n er. A casting  which had  
given a g rea t deal of troub le  was shown a t  F ig . 9. 
I t  was m achined all over, a  keyway being cu t down 
th e  bore, and  te e th  c u t all round  the  la rg e r d ia 
m eter. Slow pouring  was tr ie d  w ith  ru n n ers , as 
shown a t  Figs. 9, 10 and 11, b u t q u ite  sa tisfac to ry  
castings could no t be ob tained , shallow depressions 
appearing  a t  places though  th e  in te rio r was qu ite  
solid. A fu r th e r  step was tak en . W h a t was in 
effect a small feeding head was placed as shown 
a t  F ig . 12. The m eta l fell th rough  th is from  
th e  ru n n e r basin in to  th e  casting , filling up th e  
head last. W ith  th is  form  of ru n n e r  very 
d ifferent resu lts arose from  th e  use of d ifferen t 
m etal m ixtures. W ith  an iron of th e  o rder of Si, 
2.5; T .C ., 3 .6 ; M n, 0 .6 ; P , 0 .5 ; and S, 0.1 per 
cen t., th e  resu lt was th a t ,  when th e  head was
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knocked off th e  casting , a  spongy place was dis
closed ju s t  below i t  in  th e  casting  w hilst the  
head was qu ite  solid. W hen iron of th e  order of 
Si, 1.5; T .C ., 3 .4 ; P , 0 .3 ; M n, 0.6 and S, 0.1 
per cent, was used, th e  casting  was qu ite  solid 
th roughou t, b u t a deep pipe appeared in  the head 
a t  th e  top , ju s t  under th e  pencil ru n n e r . The 
pipe had  a volume of about 1 cub. in. I t  was 
clear, however, th a t  in  both cases th e  casting
needed feed iron. The iron w ith th e  shorter
freezing range  was th e  more readily  feeding iron, 
and hence gave th e  more solid casting.

Filtering Cast Iron.

In  a previous P ap e r th e  au th o r has given his 
views as to  th e  reason why slow pouring, w ith  the 
avoidance of risers, was so relatively  successful. 
I t  had  n o th ing  to  do w ith  f ilte rin g / F lu id  iron 
could n o t be filtered—though large Jumps of non- 
m etallie m a tte r  m igh t th u s be p revented  from  
going down th e  ru n n er. In  fac t, slag was as
o ften  found to  have gone down a pencil ru nner
as down an  o rd in ary  one. Perhaps a co n tri
butory  cause was th a t  th e  m etal used m ust neces
sarily  be very hot, which also m ean t th a t  any slag 
which was ab o u t would also be very fluid. F u r 
ther, th e  success of th e  m ethod had  no th ing  to  do 
w ith gas, e n tra in ed  or otherwise. Though a 
slowly-run casting  took a longer tim e  to  pour, less 
m etal passed th rough  th e  mould, for no rise r was 
used ; hence th e  m etal in  the  mould was sooner 
quiet. Though th e  ru n n e r  was sm all i t  had  more 
h ea t in  its  im m ediate surroundings th a n  a larger 
ru n n er would have, owing to  th e  longer tim e 
d u ring  which h o t iron had  been passing through . 
Consequently i t  rem ained liquid long enough to  
m eet th e  requ irem ents of liquid  m etal called for 
by sh rinkage  due to  an advanced solidification in 
some p a rts  of th e  mould, and various degrees of 
inc ip ien t solidification in  o thers. By th e  tim e the  
ru n n e r had  frozen up th e  partia lly  liquid casting  
would be interw oven by a so rt of lattice-w ork of 
dendrites which quickly grew together, dividing 
out, m ore o r less generally, th e  sum  of cavity  
rem ain ing  due to  solidification of th e  liquor. The 
sh rinkage th en  took th e  form  of m inu te  in te r
crystalline spaces. At. F ig. 14 is shown a  sketch
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of a casting  m ade w ith  a pencil g a te . The bore 
is im portan t, and, if ca6 t in  th e  o rd inary  way 
w ithou t feeding, cavities sometimes appear a t  B. 
I t  is cast w ith  invariab le  success w ith  th e  pencil 
ru n n er. One such casting  was broken and  den
sity  determ inations were tak en  of specimens from 
A (the first place to  solidify) and  B (the la s t place 
to  solidify). The specific g rav ity  a t  A w as found 
to  be 7.075, w hilst th a t  of B was 6.977. The last 
p lace to  cool was th ere fo re  1.38 per cen t, less 
dense th a n  th e  first place to cool. This shows th a t ,  
though  th e  s tru c tu re  of th e  p a r t  B was reason
ably close, th e re  had  been a  m ore parsim onious 
d is tribu tion  of crystal-m aking  m ateria l.

Rod Feeding.

Feeding  w ith  th e  rod, o r pum ping, was a  very 
laborious and  doubtfu l m ethod of securing  solidity . 
The g ea r b lank , for exam ple, shown a t  
F ig . 9, would ra re ly  give a  good castin g
by pum ping, however b ig  th e  rise r m igh t
be. Almost invariab ly  a cav ity  would ap p ea r 
in  th e  bore when m achined, a t  th e  oppo
s ite  side to  where feed ing  had  ta k e n  place. The 
sam e characteristics would appear in  m any  cast
ings of a sim ilar type , such as com m utator bushes 
or couplings. The pecu liar th in g  abou t i t  was 
t h a t  th e  cav ity  in  a fed casting  was o ften  g rea te r
th an  th a t  in  a  casting  w hich was cast w ith  an
o rd in ary  ru n n e r and  r ise r  and  th en  left. The 
first p o in t which suggested itself was th a t  a  cas t
ing  which was being fed w ith  a rod was thereby  
precluded from  benefiting in  any  way from  th e  
expand ing  forces w ith in  th e  casting . A nother 
exp lana tion  arose from  th e  p robab ility  th a t  th e  
feeding rod, as i t  rose and  fell in  th e  casting , 
had  particles of oxide rubbed off it, which p a r
ticles were pushed or sw irled aw ay round  th e  core. 
A ny sponge form ed a t  a la te r  s tag e  by reactions 
between th e  oxide and  carbon could n o t be dis
lodged by continued  feeding, th e  m eta l being 
pasty . T h a t th is  suggestion was qu ite  w ith in  th e  
bounds of possibility m igh t be proved a t  any  tim e  
when feeding was ta k in g  place. If , when feeding 
was ju s t  com pleted, th e  pasty  m eta l le f t in  the  
rise r was w atched, i t  would be seen to  be swell
ing. A piece of th a t  m etal c u t off when cold
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would be found to  be honeycombed, due to  the 
reaction  m entioned. I t  seemed very probable th a t 
th e  feeding rod only gave absolute solidity 
d irectly  u nder i t .  The rod aided the  passage of 
new m eta l in to  th e  mould generally d u rin g  th e  
ea rly  stages of inc ip ien t solidification, b u t i t  was 
doubtfu l if, when th e  m eta l became really 
“  m ushy,”  th e  rod could do any good a t  all 
except ju s t below it . W hen th e  “  mushy ”  stage 
had  been definitely reached by th e  m etal in  th e  
mould, th e  value ob tainab le  from  rod feeding was 
confined to  th e  region of th e  T iser o r ru n n er 
concerned.

Chills and Denseners.

In  respect of chills or denseners, i t  was essen
tia l to  rem em ber th a t  th e ir  use did n o t reduce th e  
am ount of liquid shrinkage. T heir function  was 
to  hasten  th e  ra te  of solidification of th e  p a r t 
concerned, so th a t  new m etal could flow to  it  
th rough  su rround ing  sections w hilst such sections 
were liquid. I t  followed th a t  a heavy p a r t  con
nected w ith a th in  section requ ired  to  be cooled 
more quickly (and hence needed heavier chills) 
th a n  a p a r t  of th e  sam e dimensions connected 
w ith  sections which were n o t so th in . I t  was 
o ften  rem arked th a t  th e  use of chills sometimes 
resulted  in  th e  chilled p a r t being solid a t  th e  
expense of some neighbouring section. This was 
proof th a t  th e  hasty  freezing of such a heavy 
p a r t  did make necessary th e  supply of fresh 
m etal to  m ake good th e  loss due to  solidification 
I f  such neighbouring sections, in  th e ir  tu rn , 
could find no source from  which to  m ake good the 
loss, th e  cav ity  o r porosity would simply be 
tran sfe rred  to  th a t  p a rt. The obvious rem edy 
was to  hasten  solidification in  th e  heavy p a rt , 
so th a t  its losses of liquid  were m ade good whilst 
th e  ru n n e r was still continuously open to  it.

The use of chills was no t w ithou t d isadvantage. 
I f  th e  only p a r t  upon which they  could be placed 
was to  be m achined trouble was sure  to  come, 
sooner o r la te r. The sam e w eight of chill, when 
used ag a in s t a so ft iron as against a h a rd  iron, 
would often  resu lt in unm achineability  in  the 
la t te r  case. This was more d is tu rb ing  when it  
was rem em bered th a t  th e  h ard er irons required

i2
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heavier chilling th a n  th e  so fter. One could only 
feel q u ite  safe in  th e  use of chills when they  
could be placed on th e  opposite side of a section 
to  th a t  which was m achined. F o r  tig h te n in g  up 
inner wall junctions th e  chill was indispensable.

Feeding H eads.

T here rem ained to  be re fe rred  to  th e  use of 
feeding heads. The h o t ru n n e r  on a casting  
always functioned as a head of m etal, upon which 
th e  casting  m ig h t call, w hilst liqu id . A rise r 
m ig h t also, b u t very in frequen tly , serve as a  k ind  
of head of m eta l fo r th e  sam e purpose. The cross- 
sectional a rea  of these was necessarily very  sm all 
and consequently did n o t rem ain  liqu id  long 
enough to  feed every  p a r t  of th e  g enera lity  of 
castings.

H ead  feed ing  m ig h t be called g rav ity  feeding. 
I f  th e  th ickness of th e  m eta l above any  section 
was g rea te r th a n  such section, i t  would ten d  to  
rem ain  liqu id  longer th a n  th e  section below it, 
an d  by g rav ity  would m eet its  dem ands fo r new 
liquid.

In  respect of th e  th re e  types of head shown a t  
F igs. 15, 16 and  17, th e  first is  useless fo r feed
ing purposes, though  i t  m ig h t have some li t t le  
use as a  dross head. By th e  tim e  th a t  th e  sec
tio n  below th e  flange was q u ite  frozen th e  flange 
and  head would also have  frozen in  th e  a reas 
m arked . The lines of d em arca tion  betw een 
liqu id  and  solid w ere n o t as clearly  m arked  in  a 
casting  as they  appeared  in  th e  sketch, because 
th e  process of solidification consisted of th e  grow th 
of dendrites from  th e  cooling faces, which soon 
became a solid mass—-it m ig h t be likened to  
undergrow th—th e  pioneer crysta llites con tinu ing  
to  forge ahead th ro u g h  th e  liqu id , re inforced  by 
th e ir  own branches and  planes. C onsequently, a t  
th e  s tage  when th e  casting  was solid to  th e  degree 
shown by th e  sketch, the  rem ain in g  core of m eta l 
would be in tersec ted  w ith  elem en tary  crystal
grow ths. A t such a  s tage  th e  supply  of liquor
from  above to  th e  flange would be insufficient; 
th e  passage would be frozen too  soon. Conse
quently , when th e  flange was cleaned up ,
a  eeries of holes w ould be found  in  it,
or th e  whole of th e  region u n d er th e  head  would
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be very open and  porous. The difficulty which 
arose w ith  any section which d id  n o t feed solid 
n a tu ra lly  was fu r th e r  em phasised when the  
m oulder m ade large fillets, th u s  en larg ing  th e  
pools of m etal which were cu t off from  any supply 
of head m etal.

T he head shown a t  F ig . 16 was good, b u t, as 
shown by th e  isotherm al lines, n o t w ithout danger. 
The th ird  was th e  best. I t  is perhaps th e  most 
expensive, and  m igh t en ta il th e  use of a g rea t 
w eight of n tetal, b u t if th e  easting  was im portan t 
such a  head was a  good investm ent.

T he au th o r wishes to  express h is thanks to  M r. 
R . K . Tullis, m anager of th e  Kilbowie L abora
to ries, for th e  photographs, m icrophotographs, 
analyses, and  density  determ inations which he 
had  m ade use of, and to  Messrs. D. & J .  Tullis, 
K ilbowie Ironw orks, for perm ission to  carry  cu t 
th e  experim ents which had  been referred  to.

DISCUSSION.
M r. A. L. Key, in  proposing a  vote of thanks 

to  M r. Longden, said m any of the  audience would 
have liked to  have th e  experience of proving for 
them selves w hat M r. Longden had to ld  them , b u t 
to  do so would involve much trouble, and they  had 
o ther duties to  perforin , so these th ings had to 
be re legated  to a secondary p la c e ; i t  was fo r tu 
n a te , therefo re , th a t  they  were able to  p rofit by 
th e  experience of o thers who had investigated  
these problems from  a prac tica l p o in t of view. 
This was seconded by M r. J. G. S. P rimrose.

T he vote o f thanks was passed unanim ously.
The Chairman (M r. J .  M asters) asked w hat Mr. 

Longden’s experience had been w ith oil-sand cores. 
I f  they  had  no t been thoroughly dried  w hat was 
th e  effect w ith regard  to  producing soundness 
when th e  m eta l was g e ttin g  to  th e  po in t of solidi
fication ?

W ith  regard  to  runners, i t  was n o t th e  size 
alone th a t  had to  be tak en  in to  account. The dis
tr ib u tio n  was also an im p o rtan t fac to r in  g e ttin g  
sa tisfac to ry  results.

M r. L ongden said his experience was th a t  suc
cess in  th e  use of oil-sand cores all depended on 
how th e  core was made. Take a core which was 
stru ck  off w ith  a strickle, w ith a long cast p la te
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a t the underside of th e  core. A t one tim e  he had 
troub le  w ith th a t  type . In  a casting , a  sketch  of 
which he showed, the  bottom  face was m achined 
all over and  h ighly polished. In  one o r tw o cases 
he found a  num ber of holes on th e  m achined su r
face, and  th e  casting  had  to  be scrapped. Look
ing  a t  th e  core one day he observed drops o f w a te r 
undernea th , and  he cam e to  th e  conclusion th a t  
in  the  scrapped castings re fe rred  to  th e  w ate r had  
condensed on th e  surface o f th e  core and  rem ained  
th e re  u n til th e  m olten  iron reached it , sp itt in g  up  
th e  pellets of m etal in  th e  mould, which were la te r  
dug o u t by th e  c u tt in g  tool. B eing in  a h u rry  he 
had  occasionally p u t cores in  which a t  th e  m om ent 
w ere n o t sufficiently oxidised, n o t sufficiently dry. 
The resu lt had  been th a t  in  casting  th e re  was a 
;re a t ru sh  of flame th rough  th e  risers. B u t in  no 
jase h ad  he experienced any  ill resu lts  w hich could 
be a ttr ib u te d  to  th e  use of oil-sand cores. I f  th e  
core was dried  so as to  s tan d  up  well in  th e  mould 
i t  would be sa tisfac to ry .

M r . A. L. I v ey  said i t  was only u n d er ce rta in  
conditions th a t  gas was p re sen t in  th e  liquid  
m etal. Blowholes showing in  a  casting  a f te r  
m achining, m igh t be a tt r ib u te d  to  gas evolved 
from  th e  m eta l in  th e  m ould, b u t i t  was 
dependent upon th e  condition  o f tb e  m eta l before 
i t  en te red  th e  m ould. H e m ade a series of cast- 
ings which were very  hard , th e  silicon being  0.7 
per cen t. U sually he cas t them  w ith  th e  h o tte s t 
m etal possible, th e  tem p e ra tu re  being about 
1,400 deg. C., and  they  w ere perfectly  good, n o t a 
sign of blowholes. On one occasion, however, he 
w aited  till th e  tem p e ra tu re  had  fa llen  150 deg. C. 
and  th a t  casting  came o u t fu ll of holes. I n  th e  
case cited by M r. Longden of th e  tw o open-sand- 
cast p lates, th e  one which was le ft uncovered was 
speckled w ith holes, while th e  one which was 
covered w ith a th in  layer of sand  was perfectly  
sound. The reason was th a t  th e  la tte r- was n o t 
exposed to  th e  atm osphere. H e drew th e  inference 
th a t  a t  a  c e rta in  tem p e ra tu re  iron had  a g re a t 
susceptib ility  to  absorb oxygen from  th e  atm o
sphere. H is opinion was, and  had  been fo r a  long 
tim e, th a t  if h o t m etal was poured in to  th e  moulds 
th e re  was li t t le  fea r of gas being  evolved from  th e  
m etal itself. Blowholes were caused by th e  m etal
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in to  th e  m ou ld ; assum ing th e  m oulding conditions 
were norm al.

M r. A. J ackson said i t  seemed to  him  th a t  in 
casting  m etal o u t of th e  sam e ladle th ere  would 
be differences in  th e .re su ltin g  m ateria l. I f  poured 
very h o t and  se ttling  quickly i t  would be an  iron 
of close tex tu re , because th e  carbon was presen t 
as combined carbon. As i t  stiffened the  graph itic  
carbon was formed, m aking a  lig h te r iron, the  
volume was g rea te r. A t th e  finish i t  was a  ligh t 
iron  of open tex tu re .

A heavy ru n n e r should have been used for sink
ings, b u t where the  m achining was no t an im
p o rta n t fac to r very often  a small fine ru n n er could 
be used. R un  w ith  judgm ent, i t  produced th e  
same effect, b u t the  m etal would no t be as close 
an iron. The m etal came in  slowly and gradually  
se t as i t  was poured ou t.

M r . K ey said his advice was, “  Do n o t w ait for 
th e  tem p era tu re  to  come down to  a p a rticu la r 
po in t. I f  th e  job has to  be m achined o r has to 
w ith s tand  hydrau lic  pressure tes ts, cast w ith 
th e  m etal as ho t as you can ge t it, w hatever the 
size of th e  casting .”  H e had followed th a t  ru le 
w ith  a massive-sectioned 7-ton flywheel, and  i t  
tu rn ed  o u t a good job. W hen he had  w aited  for 
th e  tem p e ra tu re  to  fall he had no t been successful.

Mr . J ackson rem arked th a t  everyone m ust use 
his d iscretion  in  th a t  m atte r . I t  depended on the  
p a rtic u la r  artic le  being dealt w ith. I f  i t  was 
som ething which had  n o t to  be m achined and  did 
no t requ ire  a high polish, he would certa in ly  tak e  
th e  colder m etal, b u t if  i t  had  to  be polished, use 
th e  h o tte s t m etal th a t  can be obtained. The 
h o tte r  m etal would be closer in  te x tu re  and b e tte r  
for polishing, because th e  g rap h itic  carbon had  
no t had  tim e to  fo rm ; i t  was in th e  combined ca r
bon form , and th e  m ateria l was of much closer 
g ra in .
M r . S. G. Sm i t h  said  in  th e  m ain  he agreed w ith 

th e  sta tem en ts p u t forw ard in  th e  paper, b u t one 
or two m a tte rs  had  been raised on which he would 
like to  say  a few  words. The la s t speaker was 
correct in  w hat he said regard ing  combined carbon 
and g raph itic  carbon. W ith  combined carbon, i.e ., 
carbide, th e  carbon was dissolved in  the iron, i t
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was n o t p resen t in  g rap h itic  form . T here were 
various types of g rap h itic  carbon in  th e  casting  
as modified, by size, form , and  d is trib u tio n . Then 
reference had  been m ade to  th e  m etal in th e  last 
of a  series of castings from  th e  same ladle being 
lig h te r th a n  th e  first. I t  appeared  to  h im  th a t  
would be so n a tu ra lly , because, supposing th ey  
w ere ru n n in g  w ith  th e  sam e k ind  o f ru n n ers , th e re  
would be a  difference in  th e  sw elling p ressure due 
to  th e  h igher tem p e ra tu re  of th e  iron.

H e  d id  n o t qu ite  follow M r. L ongden’s sugges
tio n  th a t  iron w ith  a  sh o rte r freezing ran g e  could 
be fed longer th a n  iron w ith  a long freezing  range, 
b u t he q u ite  believed th a t  a  sounder casting  would 
be got from  th e  h ard er iron . H e  had often  shown 
to  young men a num ber of 12 in. cubes cast w ith  
various kinds of iron , from  very soft to  very  hard , 
and  po in ted  o u t to  them  th e  v a ria tio n s  in  liquid 
shrinkage. The conclusion he a rrived  a t, from  
h is experim en ts and observations, was th a t  iron  of 
m edium  hardness gave th e  leas t liqu id  sh rinkage. 
W ith  very soft iron  he got abou t th e  sam e degree 
of sh rinkage as w ith  very  h a rd  w hite iron , b u t it  
was a d ifferen t form  of shrinkage. In  th e  form er 
th e re  was a very  porous p a tch  w ith  c a v itie s ; in 
th e  o th e r case one got a depression a t  th e  top  b u t 
u n d ern ea th  i t  was sound and hard .

H e was in  agreem ent w ith  M r. L ongden’s rem arks 
on head feeding. H e had  had  a  good deal of ex
perience of head feeding w ith  all k inds of v e r t i
cally ru n  castings, probably m ore th a n  any o ther 
m an living, and  his advice was : W ith  head-feeding 
for vertica l castings, never le t th e  d is tance  from  
th e  bottom  of th e  flange to  th e  top  of th e  feeder 
be less th a n  9 ins. W ith  a sho rte r d istance th e re  
was o ften  a cav ity  ju s t  a t  th e  to p  of the  flange, 
and th e  m achine c u t i t  off. W ith  ce rta in  grades 
of iron  which had  n o t much sh rinkage i t  would 
clear w ith less th a n  9 ins., b u t th a t  was h is fixed 
figure.

R eference had been m ade to  ho t m etal and dull 
m etal. W h a t was m ean t by those te rm s?  I f  they  
could be defined by reference to  colour by P ou ille t 
as was given in  H io rn ’s “  E lem en tary  M eta llu rg y ,”  
o r if people would speak in  degrees C en tigrade, 
they  would get n ea re r to  u n d ers tan d in g  one 
ano ther. Of course some cupolas m elted w hat would
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be called a  dull iron  com pared w ith th e  w hite 
hot iron  m elted in  o th e r cupolas. In  o th e r words, 
w hat would be considered a very h igh  tem pera tu re  
in one foundry , may be considered onlv a  medium 
tem p era tu re  in  ano ther foundry . H ence th e  need 
of some in tellig ib le form  o f expression.

M b . K e y  : In  large castings w hat I  describe as 
ho t m etal is in  th e  region o f 1,1150 to  1.380 deg. C . ; 
in  sm aller castings i t  is about 1,400 deg. C.

Mb. L o n g  den said perhaps he had n o t m ade 
him self c lear w ith  reg ard  to  w hat he m ean t in  
saying th a t  iron  w ith  a  sho rt feed in g range would 
feed soundest. H e d id  n o t m ean to  re fe r to  th e  
process o f feeding by th e  ro d ; he m ean t n a tu ra l 
feed ing  by g rav ity .

H e was n o t sure  he agreed th a t  in  th e  case of 
th e  castings, of which th e  la s t o u t o f the  ladle 
was th e  ligh tes t, i t  was explained by ea ting -in  of 
th e  mould face. H e h ad  practised  casting  very 
hot, and  on th e  face of i t  th a t  m igh t appear to  
give w eight to  w hat M r. Sm ith  had  said, b u t if 
M r. S m ith  had  seen th e  castings in  question he 
would have agreed th a t  fo r all p rac tica l purposes 
the la s t was equal to  th e  first: he could see no 
difference in  th e  degree to  which th e  surface of 
th e  mould had  been ea ten  in to ; th ere  was no 
d is tin c tiv e  difference betw een th e  irons in  th a t  
respect.

W ith  reg a rd  to  M r. Jackson 's rem arks, he 
believed th ey  were in  p rac tica l agreem ent. H e 
had  no ground  fo r assum ing th a t  cas t iron , if  of 
a  eu tec tic  com position, and  which was n o t super
sa tu ra te d  w ith  carbon, had g rap h ite  present in 
th e  liquid. I t  m ight be so, b u t he did no t know. 
B ut he did th in k  th a t  a  good m any cast irons in 
the  foundry  were super-sa tu ra ted  in respect of 
carbon, and in  those irons th e  carbon tended  to  
come o u t o f solution in  th e  liquid in a more or 
less degree, and rem ain  d is tribu ted  and n o t float 
away as one m igh t expect. Some o f i t  rem ained 
d is trib u ted  th roughou t th e  m etal, reducing its 
density  and  reducing  th e  w eight of m etal which 
could be p u t in to  a given space. T hat gave some 
degree of support, o r ra th e r  tended  to  explain, 
why in  such cases th e  la s t castin g  was ligh te r 
th an  th e  first.

M r. K ey was perfectly  r ig h t in  h is suggestion 
regard ing  casting  hot. I t  had been th e  experi
ence of perhaps n ine out of ten  foundrym en—it



was liis personal experience— that hot castings 
gave the best results. H e  wondered whether in 
the case described the core was damp.

M r . K e y said the core was overdried and he 
was afraid of the metal getting into the straw 
band because of the metal being so hot.

Mr. Longden said apparently  in such a case, if 
there is any bubbling, there is a tendency for a 
slight local bessemerising to take place, with 
resu ltan t reactions which may la ter be respon
sible for holes.

Mr. A. Sutcliffe said if it was desired that 
a casting should not be drawn in any shape or form 
one must run it slowly or feed it with hot iron 
after it had been cast.

M r . H. S h e rb tjrn  said discussions of this kind 
reminded them of the complex nature of the 
material they dealt with, the varying conditions 
of moulding and the further complications arising 
from the hu ma n factor. They realised how great 
were the difficulties of the foundrymen’s job. H e  
was coming to the conclusion that those in charge 
of foundries, unless they possessed some form of 
seoond sight or of intuition which psychologists 
did not tell them much about, would have to rely 
to an increasing extent on purely scientific assist
ance in their difficulties. Te w of those present 
had those resources.
M r . K e y remarked that he thought his state

ments were quite justified because they were based 
on his personal observations of the results of 
differences in casting jobs over ma n y  years.
The discussion then closed.
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Scottish Branch
(FALKIRK SECTION).

SAND BLASTING AND OTHER AIDS TO FETTLING.

B y F. W. Neville, B .Sc. (Eng.).
S and  b lasting  is th e  te rm  generally used to 

describe a  process for clean ing  castings, stam pings, 
and  o th er m etallic objects, which consists essen
tia lly  of th e  p rojection  of an abrasive a t  high 
velocity on to  th e  object to  be cleaned.

The abrasive m ay be sand, steel g rit, o r steel 
shot of various g rad es ; and th e  h igh velocity is 
ob tained  by d ischarging th e  abrasive w ith a ir 
under p ressure th rough  a nozzle.

A typ ical general purpose p la n t consists of a 
cham ber, th e  floor of which is gridded, so th a t  
abrasive, ta ilings, e tc ., fa ll th rough  and slide 
down th e  sloping foundations to  a worm conveyor, 
thence to  be carried  to  a  bucket elevator, from 
which th ey  are  discharged over a cleaning device. 
The ta ilings a re  collected separately , while th e  
clean abrasive is delivered to  th e  abrasive con
ta in e r  to  which th e  sand-blast nozzle is connected. 
F rom  th e  top  of the  cham ber, dust exhaust pipes 
lead th rough  a dust separa to r to  a  f a n ; the  fan 
discharge being made to  atm osphere via a w ater 
tan k , where th e  very fine d u st is removed. W hen
ever possible th e  o pera to r works from  outside the 
cham ber, the  nozzle p ro jec ting  in to  it , through, 
say, a rubber cu rta in  o r opening in  sliding door. 
T here are  th ree  system s of sand blast in  general 
use—th e  pressure, th e  suction and th e  g rav ity  
feed.

The Pressure System .

In  th is  system  th e  abrasive is contained in  a 
closed pressure cham ber, to  which is fed pressure- 
a ir , and  from  which a m ix tu re  of a ir  and  abra
sive passes th rough  a control valve in to  a pipe 
line in which p ressure-air is flowing; th e  whole 
being discharged th rough  a  nozzle a t  th e  end of 
th e  pipe.
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The sim plest sand-b last u n it  for th is  system con
sists of th e  p ressure cham ber, below which is th e  
contro l valve, and  above which is an  abrasive 
hopper. T here is a  hand-operated  valve betw een 
th e  abrasive hopper and th e  pressure cham ber. 
W hen th e  p ressu re  cham ber has been em ptied  of 
abrasive, a ir  m ust be sh u t off to  allow th e  cham ber 
to  be refilled from  th e  hopper. Thus, continuous 
b lasting-tim e is lim ited  by th e  size of th e  p res
sure cham ber. F o r m any purposes, th is  fac t, and  
th e  fac t th a t  tim e  is needed to  refill th e  pressure 
cham ber a re  n o t d isadvantageous—as fo r instance  
when th e  p la n t is applied to  a tum bling  b a rre l—- 
p roviding a batch  of castings is cleaned before th e  
pressure cham ber em pties. This m ay be called a 
non-eontinuous p lan t.

In  cases where continuous b las ting  is requ ired , 
th is  can  be obtained  by prov id ing  a pressure cham 
b er in te rm ed ia te  betw een th e  first cham ber and 
th e  hopper. Thus, b lasting  can be ta k in g  place 
from  th e  lower cham ber, while the  m iddle cham ber 
is being filled from  th e  hopper, by closing th e  valve 
betw een th e  tw o cham bers. W hen th e  valve 
betw een hopper and  m iddle cham ber is closed, and 
th e  o ther open, abrasive is being  collected in  th e  
hopper, and  is also fa llin g  from  m iddle to  lower 
cham ber, b lasting  proceeding meanw hile.

The p la n t can be a rran g ed  so th a t  one move
m en t of a single lever o pera tes all th e  valves as 
req u ired ; and such a  p la n t m ay be term ed  con
tinuous w orking. The sand control-valve works 
under very bad conditions, and  m oving p a rts  
should so fa r  as is possible be p ro tec ted  from  th e  
abrasive. I t  should be easy to  inspect all valves, 
and a ir  supply pipes should be generous in size.

The Suction System .

In  th is  system th e  discharge u n it  consists of a 
d ischarge nozzle p ro jecting  from  one end of a 
m ixing cham ber, in to  th e  o th e r end  of which is 
fitted  an a ir  n ipple. A suction  p ipe leads from  
atm osphere p ast th e  sand control-valve to  th e  side 
of th e  m ix ing  cham ber—th e  sand control-valve 
com m unicating  w ith  th e  sand-bin.

P ressu re  a ir  is fed by a sep ara te  p ipe d irec t to  
th e  a ir  nipple, discharged in to  th e  m ixing cham 
ber, th e re  depressing th e  pressure below atm o
sphere, w ith  th e  consequence th a t  a ir  from  th e



open end flows along th e  suction p ipe, picks up 
th e  abrasive m ateria l, and carries i t  to  th e  m ix
ing cham ber. There, pressure a ir, suction a ir  and 
abrasive a re  mixed, and finally expelled through
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F ig . 1 .—Showing R elation between F low 
R ate and Abrasion R ate.

th e  discharge nozzle. The abrasive is collected 
and  re tu rn ed  to  th e  sand-bin. This system is 
therefo re  autom atically  continuous working.

G ravity Feed System .
This approxim ates to  the  suction system, the  

chief difference being th a t  th e  abrasive is fed to
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a  m ixing cham ber under th e  influence of g rav ity ,
additionally  to  any suction effect.

EFFECT OF VARIOUS FACTORS ON THE  
WORKING OF A PLANT.

A knowledge of th e  effect of changing  various 
factors, such as th e  abrasive, a ir  pressure, etc., 
is useful, if th e  optim um  efficiency is to  be 
obtained from  any of th e  above systems.

(1) RELATION BETWEEN ABRASION RATE AND  
FLOW RATE.

In  th is  paper th e  ra te  a t  w hich m a te ria l can 
be rem oved by b lasting  is called abrasion  ra te , 
and th e  ra te  a t  which ab rasive flows th ro u g h  th e  
nozzle—flow ra te , in  lbs. o r gram m es p e r m inu te  
as the  case m ay be.

I f  th e  am ount of abrasive flowing is g radually  
increased by opening  th e  control valve, a con
d ition  will be reached  w here th e  abrasive does not 
leave th é  nozzle steadily , b u t comes o u t in  je rk s— 
in  fa c t  su rg ing  occurs.

U sing a pressure p la n t u nder stan d ard ised  con
ditions, w ith  s ta tio n a ry  nozzle perpend icu la r to  
th e  te s t  piece, an  a ir  p ressure of 15 lbs. p er sq. in ., 
nozzle d iam eter \  in ., and  using No. 24 steel g rit, 
m easurem ents of (a) a ir  consum ption, (b) flow 
ra te  in  lbs. p er m inu te , and  (c) abrasion ra te  from 
a C .R.C .A . p la te  in  gram m es p e r m in u te  were 
m ade, an d  th e  resu lts  have been p lo tted .

T he re la tion  betw een flow ra te  and  abrasion  ra te  
is shown in  F ig . 1. I t  will be seen th a t  th e  ra te  
of ab rasion  increases as th e  flow ra te  is increased, 
u n ti l about 20 lbs. per m in u te  of steel g r i t  is flow
ing. T h ereafte r i t  decreases. S ligh t su rg ing  is 
no t ev iden t u n til 60 lbs. of abrasive is flowing per 
m inu te . Over a  range of flow of from  10 to  35 
lbs. per m inu te  th e  abrasion ra te  does n o t change 
much.

(2) RELATION BETWEEN FLOW RATE AND BLAST
ING EFFICIENCY.

From  th e  figures ob tained  above fo r a ir  con
sum ption th e  horse power required  to  keep th e  
p la n t ru n n in g  under th e  various conditions has 
been com puted. By div id ing th e  abrasion ra te  by 
the  horse power, a fac to r is ob tained  which enables
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us to compare w hat the au tho r calls th e  b lasting 
efficiency, i.e ., abrasion ra te  per horse power, for 
d ifferent flow ra tes. These results are p lo tted  in 
F ig . 2. and i t  will be seen in  th is  case again  th a t  
maxim um  efficiency is obtained considerably before 
surg ing  p o in t is reached.

I t  will be seen th a t  m axim um  blasting  efficiency 
is ob ta ined  when about 28 lbs. of abrasive flows

F i g . 2 . — S h o w i n g  R e l a t i o n  b e t w e e n  F l o w  
R a t e  a n d  B l a s t i n g  E f f i c i e n c y .

per m inu te . M axim um  ra te  of abrasion occurred 
w ith a 20 lbs. per m inu te  flow. From  20 lbs. per 
m inute to  28 lbs. per m inute flow th e  abrasion ra te  
decreases, b u t the  b lasting  efficiency increases. 
This is because th e  a ir consum ption is reduced.

In  practice, therefore , one should not pass th e  
m axim um  q u a n tity  of abrasive th rough  the nozzle. 
About ha lf the  m axim um  will give much b e tte r 
results, both as regards speed of cleaning and 
efficiency.
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(3) EFFECT OF AIR PRESSURE ON ABRASION RATE.

This te s t  was m ade u nder conditions as p re
viously described, b u t a t  various a ir  pressures. 
R esults a t  each p ressure are  for m axim um  effi
ciency as regards flow ra te .

The resu lts have been p lo tted  in  P ig . 3, and 
the curve shows th a t  abrasion ra te  increases w ith  
a ir  pressure, and more th a n  proportionally . Thus, 
in  practice, to  clean rap id ly , increase th e  pressure, 
b u t th e re  is a p o in t to  be noticed here  as regards 
th e  te s t, which shows th e  ra te  a t  which m ateria l 
is removed from  a steel p la te . In  p rac tice  th e  
am ount of m ateria l rem oved does n o t m a tte r , so 
long as scale, ad h eren t sand, e tc ., is rem oved, and  
i t  may easily  occur th a t ,  a t, say, 15 lbs. p e r sq. in ., 
a  casting  is being  cleaned as quickly as nozzle 
control perm its. I f  th a t  be th e  case i t  would be 
foolish to  push up th e  pressure—for th e  only effect 
would be to  dig ra th e r  m ore deeply u nder th e  skin.

(4) EFFECT OF AIR PRESSURE ON BLASTING  
EFFICIENCY.

T aking  th e  resu lts  of th e  previous te s t, and 
d iv id ing th e  abrasion ra te  by th e  horse pow er used 
in com pressing th e  a ir  to  th e  various pressures, 
th e re  is ob tained , as before, a b las tin g  efficiency 
fac to r. The curve draw n in  P ig . 4 from  these re 
sults shows th a t  b lasting  efficiency is approxim ately  
constan t a t  various pressures.

Thus, if  o th e r conditions perm it, in  a  foundry , 
and work could conveniently  be done a t  a g rea te r 
ra te , th en  increase th e  a ir  p ressu re  to  obtain  
g rea te r ra te  of c leaning w ithou t loss of efficiency.

I t  m ay be noted  here, th a t  b las tin g  efficiency is 
only one fac to r in  th e  a ll-im portan t overall com
m ercial efficiency. To ob ta in  th is  la t te r  cap ita l 
ex pend itu re  and m any o th e r m a tte rs  have to  be 
considered. B u t conditions a re  so various th a t  i t  
is impossible to  a tte m p t a  solution in  th is  P ap er.

(5) EFFECT OF ANGLE OF IM PACT ON ABRASION  
RATE.

The angle between th e  axis of th e  nozzle and  
th e  surface of th e  artic lo  cleaned is called th e  
angle of im pact. W orking u n d er conditions as 
ou tlined  for experim en t 1, as to  pressure, e tc .,



561

but w ith various abrasives and m aterials, abra
sion ra te s  were m easured for various angles of 
im pact (abrasive flow ra te  being a rb itra rily  
chosen in  each case). The resu lts are p lo tted  in 
1* l g .  5 .

U sing 24 Angular Steel Grit.
(a) On C .R .C .A . plate, th e  less th e  angle of 

im pact the  g rea te r the  abrasion ra te—the la tte r

F i g . 3 . — S h o w i n g  R e l a t i o n  b e t w e e n  A b r a s i o n  
R a t e  a n d  A i r  P r e s s u r e .

being 3.55 gram m es per m in. a t  30 deg. and. only 
1.65 gram m es p er m in. a t  90 deg., i.e ., more 
th an  tw ice as much.

(i>) On Grey Cast Ir o n .—In  th is case the  ab ra
sion ra te  increases as th e  angle of im pact is 
decreased from 90 deg. to  50 deg., b u t th e rea fte r  
decreases.

U sing 24 Round Steel Shot.
(a) On Grey Cast Ir o n .—A gain i t  was found th a t  

th e  abrasion ra te  increases as the  angle of im pact 
is decreased from  90 deg. to  60 deg., b u t then  
decreases.

Thus in practice, the  nozzle should be held 
obliquely to  th e  work—say, a t  about 45 deg.—and 
n o t perpendicu larly  to  it.
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(6) EFFECT OF DISTANCE BETWEEN NOZZLE TIP 
AND ARTICLE TO B E  BLASTED.

W orking tinder th e  s ta n d a rd  conditions F ig . 6 
shows th a t  from  8 in. to  16 in . d istance betw een 
nozzle tip  and  work th e re  is very li tt le  change 
in  th e  abrasion ra te . B ring ing  th e  nozzle closer 
th a n  8 in. to  th e  work resu lts  in  a rap id  slowing 
up of abrasion ra te . This, however, only occurs 
appreciably  w ith  a s ta tio n a ry  nozzle. I f  th e  
la t te r  is moved1 about over th e  work, th e  abrasion 
ra te  rem ains approxim ately  constan t. H ence 
under w orking conditions roughly  th e  same 
am oun t of m ateria l is rem oved p e r m inu te , 
irrespective of th e  d istance betw een nozzle and 
work. B u t th e  cleaned area  increases w ith 
increasing d istance, th e  cleaning n o t being so 
in tense when th e  a rea  is large. The position of 
th e  nozzle re la tive  to  th e  w ork, fo r  g rea test 
efficiencv depends th ere fo re  on th e  n a tu re  of th e  
work. I f  th e  a rtic le  is cleaned w ith  difficulty, 
the  nozzle should be close to  th e  work. I f  w ith 
ease, th e  nozzle can be fu r th e r  from  th e  job, and 
the abrasive be allowed to  spread.

(7) LIFE OF ABRASIVE.
A t each im pact a c e rta in  percen tage of abrasive 

is pulverised and is  tak en  away as d u st to  th e  
fan . Sand is very quickly pulverised , and  in 
consequence a large am ount of d u s t is genera ted . 
Thus, of 43 lbs. of L eighton B uzzard  sand, the  
weights collected a f te r  successive im pacts a t 
15 lbs. p er sq. in . on steel, were 37, 32, 29 and 
25 lbs., i.e ., in  fou r im pacts, 41 per cen t, of th e  
o rig inal sand h ad  d isappeared to  fan  as dust—- 
th e  up -cu rren t of a ir  m oving a t  abou t 160 ft. 
per m in . Of th e  rem ain ing  25 lbs., 18 lbs. would 
pass a  32 mesh sieve, and 6 |  lbs. a  25 mesli sieve. 
The orig inal sand  would n o t pass a  32 mesh. 
D espite th e  ra p id ity  w ith  which i t  is broken, sand 
is still used—giving in  some cases a desirable 
finish and being cheap in  -first cost.

A No. 24 steel g r i t  was tes ted , and from  30 lbs. 
i t  was possible to  recover 29 lbs. a f te r  ten  
im pacts, a t  15 lbs. per sq. in ., i.e ., one-th ird  of 
1 p er cent, d isappears per im pact. D esp ite  its  
com paratively high in itia l cost, i t  is probably 
cheaper th a n  sand  in  th e  long ru n . The d u st
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nuisance is mucli less and th e  steel is the  more 
efficient abrasive. I n  p rac tice  w ith  a  steel 
abrasive, i t  is probable th a t  more loss occurs due 
to  im perfect reclam ation th a n  to  pulverisation.

(8) EFFECT OF CHANGE OF ABRASIVE ON ABRASION  
RATE AND BLASTING EFFICIENCY.

Pressure S y s tem .—Conditions of th e  te s t were 
as for te s t  1 w ith  regu la ting  valve set to  give 
various flow ra tes. The g rea test abrasion ra tes 
for four steel abrasives w orking on steel and two 
abrasives w orking on cast iron  a re  shown in  
F ig . 7. I t  will be seen th a t  th e  angu lar abra
sives clean very much more quickly th a n  do th e  
round  abrasives— particu la rly  when w orking on 
steel—and th a t  th e  la rger abrasives clean some
w hat more quickly th a n  th e  sm aller.

F ig . 8 shows th a t  roughly th e  same th in g  may 
be said as regard s m axim um  blasting efficiency. 
A t m axim um  abrasion ra te s  there  is a  sligh t 
saving in  a ir  consum ption when using  th e  sm aller 
abrasives. In  practice, therefore, i t  pays to  use 
an an g u la r steel g rit. A fine g rit, while being 
slightly  less efficient, gives a much nicer finish. 
R esults for sand have n o t been p lo tted—chiefly 
because th e  abrasive varies so much. Speaking 
roughly, i t  can be said- th a t  using new Leighton 
Buzzard sand, resu lts are  obtained in term ed ia te  
between those ob ta in ing  for steel shot and g rit.

Suction  S ys tem .—In  th is  system th e  a ir  con
sum ption is p rac tica lly  constan t, w hatever th e  
ab rasive  used, since pressure a ir is always dis
charged in to  th e  m ixing cham ber, th rough  an a i r  
nipple which is n o t reduced in effective area  by 
abrasive. .

R esu lts show th a t  a coarse steel g r i t  is th e  
most efficient abrasive, and in  general resu lts as 
regards abrasives a re  roughly as w ith  th e  pres
sure system.

(9) EFFECT OF WEAR ON NOZZLES.
Pressure S ys tem .—As the  nozzle wears to  a 

g rea te r diam eter, one of two th ings will h a p p e n : 
(a) I f  th e  p lan t is ta k in g  all th e  available pres
sure a ir  w ith a new and therefore  small nozzle, 
th en  th e  pressure will drop as th e  nozzle wears, 
w ith  consequent decrease in power consumed, bu t
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w ith an  approxim ately  sim ila r decrease in  ab ra 
sion ra te , (b) I f  th e  compressor is sufficiently
big to  keep up th e  pressure, th en  m ore a ir  is 
being tak en  as th e  nozzle wears, w ith consequent 
increase of power consum ption ; and  since th e  
b lasting  efficiency will rem ain  approxim ately  
constan t, th e  abrasion ra te  will increase w ith  th e  
increased power consum ption. T h a t is, if, as th e  
nozzle w ears, th e  pressure drops, c lean ing  will 
probably be slow er: while if th e  p ressure rem ains 
steady, c leaning will probably be quicker. In  
e ith e r case i t  will be advisable to  reg u la te  the  
sand contro l valves to  ge t m axim um  efficiency.

F i g .  4 . — S h o w i n g  R e l a t i o n  b e t w e e n  B l a s t 
i n g  E f f i c i e n c y  a n d  A i r  P r e s s u r e .

Suction  S y s tem .—As previously s ta ted , th e  a ir  
regu la ting  nozzle does n o t w ear. Consequently 
receiver a ir  pressure an d  power consum ption 
rem ain  constan t. The discharge nozzle w ears 
however, w ith  consequent sligh t a lte ra tio n  of 
conditions in  th e  m ixing cham ber, b u t generally  
i t  is n o t necessary to  reg u la te  th e  sand  control 
valve. The b las tin g  efficiency and  abrasion  ra te  
do no t change appreciably over th e  prac tica l 
range of w ear in  a well-designed p la n t .

Nozzles are  usually  m ade of a  h a rd  cas t iron, 
bu t gas p ip ing  is no t in frequen tly  used.

(10) FINISH OBTAINED ON CAST IRON CASTINGS.
Roughly, i t  m ay be said th a t  th e  finish ob tained  

on a sam ple of cast iron cleaned u nder s ta n d a rd  
conditions, b u t u sing  d ifferen t abrasives, is w ith
(1) F ine  steel g r i t ,  a  b r ig h t silver g rey ; (2) 
coarse steel g r i t ,  a b rig h t silver grey, b u t coarse 
finish; (3) fine steel sho t, dull, b u t fine finish; (4) 
coarse steel shot, dull an d  coarse finish; and  (5) 
sand, not qu ite  so b rig h t as w ith  fine steel g rit.
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The notes 90 fa r  given have d ea lt w ith  the 
working of the  sand-blast u n it itself. The pres-

F i g .  5 . — Showing R e l a t i o n  b e t w e e n  A b r a s i o n  
R a t e  a n d  A n g l e  o e  I m p a c t .

sure a ir  fed to  th e  u n it should be dry, or there 
will be a tendency fo r the  abrasive to  clog a t  the  
valves. I f  a large receiver or if a long pipe line
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is in  use, th e  a ir  is usually  cooled sufficiently to  
condense th e  m oisture which m ust he trap p ed .

In  any  case i t  is w ise w hen sh u ttin g  down a 
p la n t a t  the  end  of a day  to  close off th e  sand  
reg u la tin g  valve and] clear th e  hose by blowing 
th rough  pressure a ir . I t  will be of in te re s t now 
to  consider a  few  complete sand  b la s t p lan ts , 
i l lu s tra tin g  some of th e  app lications of th e  
process.

Chambers.
These a re  genera l purpose p lan ts. In  

genera l they  a re  used fo r c lean ing  th e  la rg e r 
artic les— such as locom otive cylinders, ba th s o r 
a steel side-car fram e. They a re  b u ilt to  su it any 
set of conditions. Thus for heavy w ork, a  ru n 
way m ay be provided. U sually one side a t  least 
consists of a  vertically  slid ing  door, th e  w eight 
of which is balanced. A sep a ra te  com partm ent 
may be provided fo r the  o p e ra to r sep a ra ted  from  
th e  ac tua l cham ber by a horizontally  slid ing  door, 
in which case he is p ro tec ted  from  m uch of th e  
rebounding abrasives, while th e  fan  suction 
creates a fa irly  h igh  a ir  velocity th ro u g h  th e  
narrow  opening of th e  doors and  so keeps him  
more free from  dust. B u t he should be provided 
w ith  helm et and  gloves. W ith  a pow er-driven 
g rid  tu rn ta b le  in  th e  cham ber, contro lled  by a 
foot clutch in  th e  o p e ra to r’s com partm ent, work 
placed on th e  tab le  can  be b rough t w ith in  ran g e  
of th e  nozzle. W ith  muoh large  work, however, 
i t  is necessary for th e  o p e ra to r to  be inside th e  
cham ber, in  which case also he m ust be provided 
w ith  p ro tective helm et and gloves.

F o r  work such as, say , gas cookers, a  small 
cham ber m ay be b u ilt, w ith  a  vertica lly  slid ing 
door, provided w ith  a  window th ro u g h  w hich the  
work can  be viewed, and  a  sp lit ru bber cu rta in  
th rough  w hich th e  nozzle is controlled.

C ham bers can  be used in  conjunction  w ith  e ith e r 
th e  p ressure o r th e  suction system. The abrasive 
m ay be collected m echanically  as a lready  
described, o r i t  may be collected pneum atically . 
I n  th e  la t te r  case, th e  abrasive, e tc ., falls down 
the  sloping foundation  in to  a  p ipe  th ro u g h  w hich 
a ir  is being sucked by a  fan . This a ir  c a rr ie s  th e  
abrasive, ta ilin g s, e tc ., to  a  sep a ra to r from  which 
clean abrasive is delivered to  th e  con ta iner.
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A vacuum  of 4 in . of w ater is sufficient to
elevate th e  shot to  the  separa to r, and  th e  a ir  of
th e  cham ber should be cleared a t  least four tim es 
a m inute . I t  is perhaps b e tte r  to  specify th a t  th e  
m ean vertica l velocity of suction a ir  reckoned 
over th e  full floor area  should be a t least 40 ft.
per min. per sq. f t .  of area.

Cabinets.
A cabinet is generally  used for sm aller work 

th a n  a  cham ber, and as a ru le its w orking level

F i g . 6 .— S h o w in g  R e l a t io n  b e t w e e n  A b r a s io n  
R ate a n d  D is t a n c e  b e t w e e n  N o zzle  T ip  
a n d  A r t ic l e  S a n d -b l a s t e d .

is above ground. The nozzle may be fixed, in 
which case th e  opera to r stands o r s its  outside, 
pu ts h is hands, which a re  p ro tected  by guantle ts 
or rubber gloves, th rough  arm  holes and passes 
the  work as requ ired , under th e  nozzle discharge. 
He sees th e  work th rough  a window. E n trance  
to  th e  cab ine t is th rough  a  swinging door which 
frequently  carries th e  arm  holes and  window. 
The flxed nozzle type is  su itab le  only for ligh t 
work. C ontrol of th e  operation , i.e ., s ta r tin g  and 
stopping blasting , e tc .. should preferably  be by 
single lever, operated  from  th e  working position.

W ith  a portab le  nozzle, la rger work m ay be 
handled—a runw ay being provided if necessary— 
and th e  nozzle may be e ith e r connected by flexible



hose to  a junc tion  inside th e  cab inet or a longer 
hose m ay be ta k e n  th rough  sp lit rubber cu rta in s  
o r th rough  th e  arm holes. Ease of han d lin g  both 
nozzle and casting  is im p o rtan t. The abrasive, 
e tc ., fa ll th rough  a g rid  on to  a sieve, below w hich 
cleaned ab rasive is collected rehdy fo r re-use. B oth  
suction and d irec t p ressure m ay be used, and  in  
e ith e r case th e  p la n t is generally  placed im me
diately  below th e  sieve and  above ground  level. 
D ust is usually  sucked away from  th e  top  of th e  
cham ber.

A cab ine t p la n t is again  a  general-purpose p la n t 
w ith in  th e  lim its of its  size. T he collection of 
abrasive is autom atic , th e  p la n t is sim ple and 
compact. The opera to r s tan d s ou tside  th e  cab inet, 
from  which no d u st can escape.

L ig h tin g  of both cab ine ts and  cham bers m ay be 
day ligh t th ro u g h  glass sides an d  top , or elec tric  
ligh t th rough  a  glass to p . The electric lig h t is 
sometimes inside. C are m ust th e n  be ta k e n  of 
th e  bulbs.

Sand Blast Tum bling Barrels.
These consist essentially  of a closed barre l, 

th ro u g h  th e  one o r both ends of which p ro jec ts a 
sand  b last nozzle. The b a rre l is supported  on and 
driven by rollers.

In  one form  th e  barre l, rollers, etc., a re  enclosed 
in  a casing p rov ided  w ith  a slid ing  door, dust 
being  sucked from  th e  top  or bo ttom  of th e  casing, 
while th e  abrasive, a f te r  being  d ischarged on to  
th e  con ten ts of th e  barre l, fa lls  th ro u g h  p e rfo ra 
tions in  th e  la t te r  and  slides down a chu te  to  be 
collected pneum atically  or m echanically  as th e  
case m ay Be. The p e rfo ra ted  b a rre l is provided 
w ith  a door usually  on th e  cy lindrical surface, 
th ro u g h  which th e  b arre l is charged.

In  ano ther form  th e  nozzle p rojects th rough  th e  
end  as before, b u t th e  p e rfo ra ted  barrel is su r
rounded by a solid ta p e r  b arre l which collects th e  
abrasive, conveys i t  to  one end, where i t  is col
lected in  an an n u la r passage, and  delivered from  
th e re  to  a hollow tru n n io n . F rom  th is  p o in t i t  
m ay be delivered over enclosed screens to  th e  sand 
b las t p lan t ready for re-use, connection to  th e  fan 
being  m ade from  th e  delivery end of th e  m achine.
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These m achines m ay be worked w ith e ith e r pres
su re  o r suc tion  system. F o r barrels, sm all com
pac t work is th e  usual ru n , h u t long drop stam p 
ings can be cleaned, and  even long and  somewhat 
delicate tex tile  castings have been successfully 
tre a te d . M alleable iron  in  th e  h a rd  condition 
can be barrelled  w ithout cracks developing la te r. 
B rass valves and  cocks a re  cleaned, th e  cores being 
rem oved in  th e  process. Sand-blast barrels do 
n o t r a t t le  castings so drastica lly  as do tum bling  
barrels.

Rotary Table Machines.
A m achine typ ica l of these consists of a gridded 

tab le  ro ta tin g  u nder pow er, h a lf of th e  tab le  
always being inside a  casing, th rough  th e  top  of 
which p ro jec t th e  nozzles. T he fro n t of th e  casing 
usually  consists of a sp lit-rubber c u rta in , which 
ru n s d iam etrically  across th e  tab le . I n  operation  
th e  castings to  be cleaned a re  placed on th e  fron t,
i.e ., open ha lf of th e  tab le . This ro ta tes, and  th e  
castings a re  ca rr ied  in to  th e  casing and  are  sub
jected  to  sand b lasting .

The nozzles ro ta te  about an  axis eccen tric  and 
inclined to  th e ir  own axis, and  by su itab ly  propor
tio n in g  th e i r  speed and  th e  speed of th e  table 
approxim ately  un iform  cleaning can be obtained. 
S pen t abrasive is collected and  delivered to  an 
elevator a t  th e  back of th e  m achine, from  where 
i t  is delivered to  a  con ta iner ready for re-use. 
The cleaned castings a re  b rought o u t th rough  the  
c u r ta in  by th e  ro ta tin g  tab le , and  can  be removed 
by th e  o pera to r o r allowed to  go round  again  if  
they  a re  n o t completely cleaned. G rav ity  feed 
nozzles can  be conveniently  used on th is  p lan t, 
as ro ta tio n  of th e  nozzles can be easily 
a r r a n g e d : b u t d irect-pressure and suction p lan ts 
a re  m ade. F a ir ly  open work is in  general m ost 
su itab le , such as stove fron ts, gear wheels, pulleys, 
e tc . O ther special-purpose m achines a re  made, 
b u t a re  n o t in  g re a t dem and.

D ust Extraction and Separation.
R ecently  Hom e Office regulations have come into 

force w ith  regard  to  sand  blasting . These m ay be 
sum m arised as fo llow :— (11 Sand b lasting  shall 
be done only in  an  enclosed cham ber used fo r no 
o ther work, and  provided w ith  m eans to  prevent



th e  escape of d u st from  the  ch am b e r; (2) no
person shall be allowed to  work in  a cham ber, or 
w ith in  30 f t .  of a sand-b last nozzle in  th e  open 
a ir, while sand  b lasting  is in  progress w ith o u t 
being su itab ly  p ro tec ted  by helm et, gloves, e tc . ;
(3) all persons w orking w ith in  th e  above lim its 
m ust be provided w ith  su itab le  p ro tec tive  dev ices; 
and (4) all v en tila tin g  p la n t used m ust be tested  
completely once every six m onths.

W ith  regard  to  th e  p lan ts  described, th e  opera
to r  m ust be pro tec ted  as described above when 
w orking inside a cham ber, b u t w ith  cham bers, 
cabinets, barre ls a n d  ro ta ry  tab les w here th e  
opera to r works outside, no helm et is necessary, so 
long as d u st is p revented  from  g e tt in g  outside 
th e  p lan t. This condition  is obtained  as described 
by connecting th e  p la n t by pipes from  4 to  20 in. 
dia. to  a fan .

W ith  cabinets, e tc ., i t  is necessary th a t  doors 
be a good fit. W here possible, i t  is, in  fac t, p re
ferable  to  m ake these seal, and  re ly  fo r a ir  adm is
sion on special po rts  p ro tec ted  to  p rev en t rebound 
sand  escaping.

The suction  head will vary  w ith  conditions. The 
essen tia l th in g  is th a t  th e  a ir  velocity a t  any  p o rt 
open to  atm osphere shall be sufficient to  keep dust 
from  escaping. W ith  properly  designed ports and 
ducts, 3 in . of w ate r a t  th e  fan  will probably be 
adequate.

T he dust sucked away from  th e  p la n t m u s t not 
be d ischarged d irec t to  atm osphere. U sually a 
separa to r is placed between p la n t and  fan . This 
m ay be of th e  cyclone type , which consists essen
tia lly  of a cylinder closed a t  th e  top , provided 
w ith  an in n e r  cylindrical baffle and  con ta ined  by 
a cone a t  the  bottom . A ir en te rs  a t  th e  periphery  
near th e  top , and  dust, e tc ., falls to  th e  bottom , 
the  cleaned a ir  being ta k e n  aw ay from  th e  top . 
V ery fine d u st se ttles in  a  w a te r ta n k .

In  a  d iffe ren t type  th e  a ir  is forced to  ta k e  a 
sp ira l p a th  in side  a  cylinder which has a num ber 
of fine long itud inal slots in  it. The d u s t passes 
th rough  these  slots owing to  co n tr ifu g a l action , 
and  is collected in  an  o u te r casing, while th e  a ir  
is draw n aw ay th rough  a  cen tra l tu b e  to  th e  fan . 
The final discharge from  th is , as previously m en
tioned, is m ade via  a w ate r ta n k .
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I t  is not easy to  rid  th e  a ir  completely of all 
very fine dust, b u t th e  above p lan t gives good 
practica l results. I f  the  final discharge can be 
m ade in to  a h igh and large chimney, th is is 
perhaps as effective as anyth ing .
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F i g . 7 .— S h o w in g  R e l a t io n  b e t w e e n  A b k a s io n  

R ate  a n d  T y p e  op  A b r a s i v e .

Protection of Operator.

F o r work in th e  chamber th e  operator m ust be 
provided w ith  helm et and  gloves, and overalls or 
an  apron. H elm ets m ay be m ade of lea ther, or 
an  alum inium  sp inn ing  m ay be used. A renew
able window is provided, and a ir  is fed through  an
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ad justab le  valve to  a d is trib u to r a t  tlie  top by 
m eans of a rubber pipe. E xp ired  b rea th  escapes 
via  th e  neck band. The p ressure on  th e  helm et 
being sligh tly  g re a te r  th a n  atm ospheric, d u st 
canno t reach th e  operator. The gloves a re  lea ther, 
and  a re  arm oured, o r m ay be m ade of rubber. 
These are  used also for work in  a  cab inet.

Other A ids to Fettling.

As regards th e  rem oval of scale, ad h e ren t sand , 
e tc ., sand  b lasting  provides an  efficient m eans and 
gives a good finish. T here a re  o th e r m eans avail
able for rem oving sand. C astings m ay be hand- 
brushed, and  w ith  a c e r ta in  class of work, w here 
the area  is large, th e  surface sm ooth, and  th e  sand 
ligh tly  a ttached—w here, in  fac t, th e  sand  m ay be 
blown off—i t  is questionable w hether sand  b lasting  
affords a sufficiently g re a t economy in  tim e  to  pay 
for th e  necessary p lan t— unless i t  is desirable to  
ge t to  v irg in  m etal.

Core Rem over.

A litt le  in s tru m en t which was exhib ited  a t  the  
D üsseldorf E xh ib ition  m ig h t prove useful for 
rem oving cores. I t  consists of a  flexible spindle 
which is caused to  v ib ra te  by being continously 
tapped  by a v ib ra to r. The a rtic le  is placed over 
i t  while th e  sp ind le  is v ib ra tin g , and  th is  removes 
th e  core. The sp ind le  m ay be shaped. B oth  of 
these operations m ay be perform ed on a gridded 
tab le  cased in  below to  collect chippings, e tc ., while 
the  dust is d raw n away by a  fan  th ro u g h  a pipe 
ru n n in g  th e  fu ll leng th  of th e  tab le . Such a tab le  
m ay be b u ilt a t  floor level, a p it  being m ade as 
collector.

T um bling Barrels.

B arrels m ay be used w ithou t sand  b lasting . 
They m ay he round, hexagonal o r square  in  sec
tion , and  are  b u ilt from  1 f t . to  5 f t  d iam eter. 
D ust m ay he ex trac ted  th rough  a hollow tru n n io n  
a t  one end , or th e  barre l m ay be enclosed in  a 
cab ine t from  which th e  d u st is sucked. H a rd  iron 
s ta rs  m ay be loaded w ith  th e  castings. The finish 
ob tained  f t  qu ite  different from  th a t  ob ta ined  by 
sand  blasting . T he tum b ling  is generally  m ore 
severe th a n  in  a sand-blast tum bling  b a rre l and



goes on for a longer tim e, w ith  th e  consequence 
th a t  edges become m ore rounded. The su rface is, 
as i t  were, scraped, b u t v irg in  m etal is no t 
uniform ly exposed. W hereas a  charge in a sand-
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Fig. 8.—Showing R elation between Blasting 
Efficiency and Type op Abrasive.

blast barre l m igh t be cleaned in  an average tim e 
of 15 m inutes, th e  average tim e for a simple 
tum bling  barre l m ight be 40 m inutes o r an hour. 
B arrels are sometimes packed w ith lea ther to  
reduce shock and  possibilities of breakage.



G it Cutters.
These a re  power m achines, usually mechanically 

operated , and  consist essentially  of a  p a ir  of 
c u tte rs  se t in  a rig id  fram e and  arranged  to  exert 
g rea t pressure in  approach ing  each o ther.

G rinding M achines.
These a re  in  very  general use. W here th e  ca s t

ings a re  com paratively  sm all, s ta tio n a ry  grinders 
are  used.

A dequate g u a rd in g  ag a in s t th e  possib ility  of 
wheel fra c tu re  m ust be provided, and  all d u s t m ust 
be in tercep ted  and  removed. This is done by th e  
provision of a hood connected to  a pipe lead ing  to  
a fan . A gain, Hom e Office R egu la tions have to  
be m et.

W here large work has to  be d ea lt w ith  sw ing 
g rinders a re  used. These consist of a lig h t fram e 
on which is supported  an  abrasive wheel, usually  
m otor-driven. T he fram e is p ivotally  supported , 
and can sw ing abou t vertica l an d  horizon ta l axes, 
so th a t  th e  wheel can  be guided over its  work.

Conclusion.
All th e  m achines described have th e ir  proper 

uses. Of sand  b lasting  i t  may be said :— (1) I t  will 
remove scale, ru s t, e tc ., and  i t  gives a  surface 
which is p a rticu la rly  su itab le  fo r p a in tin g , 
enam elling, lacquering, etc. I n  th is  connection i t  
has been found  th a t  enam el, e tc ., adheres b e tte r  
th a n  to  th e  non-sand-blasted artic le , and  gives a 
un ifo rm  covering of m ore pleasing appearance. 
Less p a in t, e tc ., is required  to  give th e  requ isite  
film, while if the  coating  is applied soon a f te r  
sand b lasting  i t  has a longer life , as no ox idation  
occurs. (2) Fused sand and  embedded partic les 
are  removed from  th e  skin , w ith  consequent 
increase in  life  of tools in  th e  m achine shop. In  
m any instances th is  fac to r alone m akes a sand 
b last in s ta lla tion  a pay ing  proposition . (3) D ust 
from  cores, e tc ., can  be read ily  rem oved w ithou t 
spread ing  over th e  fo u n d ry ; and  (4) i t  is a m uch 
less d ir ty  and  inconvenient process th an  pickling, 
and less costly.

Simple tum b ling  will do much to  remove cores 
and knock off sand, b u t i t  will n o t give a  sand 
b last finish. The core rem over would be useful
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for som© castings, b u t is generally  slower tb an  
barrelling . P neum atic  chippers, g it  cu tte rs  and 
g rinders  help to  reduce th e  tim e  of fe ttling . I t  
is ce rta in  th a t  foundries generally  a re  installing  
m ore m echanical equipm ent, and n o t the  least 
im p o rtan t p a r t  of th is consists of sand-blast p lan t.

The^ au th o r desires to express his thanks to  
J .  At . Jackm an  & Company, for slides and 
in fo rm a tio n ; and for facilities for m aking, and 
perm ission to  publish the  results of, th e  experi
m ents described in  th is  paper, and  to  The 
1 ilghm an Sand  B last Company for c e rta in  d ia
gram s and inform ation.
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Scottish} Branch.

A GLIM PSE INTOJA NON-FERROUS FOUNDRY.

By J. D . Fram e;
A lectu re  on this, world-wide sub jec t a t  any  

tim e seems in te res tin g  e ith e r from  a h is to rica l 
po in t of view o r from  a  s tudy  p o in t of view. In  
o rder to  m ark  th e  progressive steps of m an, his 
ea rly  h is to ry  has been divided in to  th re e  periods, 
each being nam ed a f te r  th e  m ate ria ls  chiefly used 
in  them  fo r  supplying w eapons, tools and  o rn a 
m ents. Thus th e re  is th e  S tone Age, th e  B ronze 
Age, and  th e  Iro n  Age. A sim ila r developm ent 
has been going on for some considerable tim e  p a s t 
w ith  reg ard  to  bronze, bu t inasm uch as no  class- 
te rm  has ben inven ted  in  these  very  inven tive  
tim es fo r th e  new v a ria tio n s of th a t  m ost ancien t 
and useful alloy, i t  is difficult to  desig n a te  th is  
fifth age by a  new ti tle , and  so one m ust be con
te n t to  consider i t  as a  rev ival of th e  B ronze Age 
in a m ore advanced and  more highly-developed 
form.

As th e  S tone Age, however, was d iv ided in to  
two p a rts , nam ely, th e  old S tone Age, when men 
sim ply chipped stones, and  th e  new S tone Age, 
when th ey  learned  to  g rind  and  polish them , so 
perhaps i t  m ay be perm issible to  consider the  
p resen t as th e  N ew er B ronze Age. N or is i t  
a ltogether in a p t so to  consider i t  when th e re  are  
m any v arie ties  of bronze w hich have been 
produced w ith in  th e  la s t fo r ty  years, possessing 
very d is tinc tive  fea tu re s  from  th e  an c ie n t alloys, 
and  some very  rem arkab le  q u a litie s  as com pared 
w ith  them , and  very  num erous a re  th e  purposes 
to  which these  qualities a re  applied , superseding 
as th ey  do in  m any instances iron , an d  even steel 
itself. These considerations and  th e  knowledge 
of th e  g re a t value o f  these alloys to  th e  presen t- 
day eng ineers have been th e  m eans of some of 
th e ir  g rea test achievem ents in  m odern engineering .

T h a t m etals a re  capable of u n it in g  w ith  each 
o th e r to  form  a  series of bodies hav in g  m ore or 
less th e  p roperties of th e ir  constituen ts has long



been known, ami probably th is knowledge lias 
been usefully applied from  .remote an tiqu ity . The 
A ncients were acquainted w ith seven m etals—gold, 
silver, m ercury, copper, t in  and lead. They knew 
and employed various compounds of antim ony, 
arsenic, and zinc, although we have no evidence 
th a t  these m etals were known to  them  in the  
m etallic s ta te . Gold and silver, which occur in 
n a tu re  in  th e  m etallic sta te , were probably the  
first m etals w ith which man became acquainted, 
and as o ther m etals were discovered, especially 
copper, efforts would doubtless be made to  alloy 
th e  base m etal w ith gold, in consequence of the 
com parative ra r i ty  of th e  la tte r .

Iron , in  m eteoric form, is a n a tiv e  alloy of iron, 
nickel, and small q u an tities  of o ther elem ents, said 
to  have been used by E squim aux and o ther tribes 
for m aking knives and other weapons. Copper 
is also occasionally found na tive , and to  persons 
accustomed to  m elt th e  precious m etals, they  had 
no difficulty in m elting  copper and alloying it  
w ith  gold and silver. The L a tin  word “  Aes ”  in 
ancien t w ritings sometimes signifies copper and 
som etimes brass, so th e  two m etals a re  conse
quently  confounded occasionally. P liny , th e  his
to r ian  of his tim e, says th a t  copper was first dis
covered in  Cyprus. The proper nam e for brass 
in those days was A urichaleum , o.r golden copper, 
and i t  m ay be in ferred  th a t  ores of copper and 
zinc were sometimes m elted together, form ing 
brass, as th e  m etal nam ed zinc was probably un 
known u n til th e  six teen th  century . P liny  
describes four d ifferent varie ties of w hat was 
known as C o rin th ian  copper : (1) W hite  in  colour, 
i t  resembled silver in lustre , and  contained an 
excess of silver • (2) red, in  th is  k ind  th ere  is an 
excess of g o ld ; (3) in  th is  k ind  gold, silver and 
copper a.re mixed in  equal p a r t s ; and (4) th is  
v arie ty  was term ed H epatison, hav ing  excess of 
copper, g iving to  i t  a  liver colour, which gives 
i t  its value.

C opper was used by th e  ancients for m any of 
th e  purposes to  which it ' is p u t by th e  moderns, 
b u t th e  a r t  of m aking tem pered articles in copper 
—such as the  ancients m ade—has been lost, and 
has baffled the  efforts of scientists to regain th is 
lost a r t  for the last two centuries. An American
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is supposed to  have found th is anc ien t form ula 
on a rubbish heap, b u t tim e will reveal th e  t r u th  
of th is or otherwise. The alloys of copper w ith  
t in  were used in various p ro p o rtio n s; th u s  bronze 
for s ta tues were composed of 100 p a rts  copper, 
12J t i n ;  ano ther m ix tu re , 100 p a r ts  copper, 10 
p a rts  lead, and 3 to  4 tin . T he arm s of these 
ancien t w arrio rs were often  m ade of bronze which 
was rendered  h a rd  by a process of ham m ering, 
th en  heated  and cooled slowly.

T in  was in  common use in  th e  tim e  of Moses. 
I t  'was doubtless Phoenicians who supplied  th e  
E gyp tian s w ith  th is  m etal, which th e  form er ob
ta in ed  from  th e  Scilly Isles and  C ornw all. Cassi- 
terous or tin  is m entioned by H om er in  th e  tim e 
of P liny  as being used fo r coating  th e  in te rio r 
of copper and  brass vessels. M ercury  was used 
by the  Rom ans for alloying w ith  gold and silver 
to  form  am algam s, which were used fo r g ild ing 
and p la tin g  as a t  th e  presen t tim e  by lay ing  th e  
am algam  on th e  base m etal and  subsequently vola- 
tising  th e  m ercury  w ith  h ea t, leav ing  a  th in  coat
ing of precious m etal on the  artic le . Lead was 
well known to  th e  ancien t E gyp tian s and  A rabians 
as well as th e  Rom ans. L arge q u an titie s  of lead 
were obtained  from  S pain  and B rita in . Sheet 
lead and p ip ing  were used for sim ila r purposes to  
those which are employed a t  the  p resen t tim e. A 
m ix tu re  of lead and  t in  was also used as solder. 
Iron  was known in  very early  tim es, b u t in  com
para tive ly  sm all quan tities , being ob ta ined  from  
m eteoric stones or easily  reducible oxide. Moses 
speaks of iron being used fo r swords, knives and 
axes, which seems to imply th a t  steel was known 
a t  th a t  early  period.

H om er rep resen ts w arrio rs as arm ed w ith  bronze 
swords and never as using iron weapons. Achilles 
proposes a  ball of iron  as a valuable p rize  to  be 
contested for in th e  games, which showed its 
scarcity  d u ring  th a t  period. T h a t th e  R om ans 
were acquain ted  w ith th e  h a rden ing  and tem per
ing of steel th e re  is ab u n d an t evidence. Thus 
th e  ancients knew th e  six m alleable m etals and 
th e ir  alloys, b u t they  le f t us scan t in fo rm ation  
respecting  th e  m ethod of e x tra c tin g  them  from  
th e ir  ores. I t  is probable th a t  only those ores of 
a sim ple ch aracter, or those read ily  acted  on by
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reducing agents were employed, unless the appli
ances a t  th e ir  disposal and th e ir  general chemical 
knowledge were superior to w hat known facts w ar
ra n t  us believing. I t  has to  be adm itted  th a t  
m odern science has to  be th an k fu l for even such 
knowledge as has been handed down by these early 
h isto rians.

T ha t brass was known to  the  ancients is beyond 
dispu te , b u t its  d irec t p rep ara tio n  from  copper 
and zinc is an invention of modern tim es. W ith  
th e  exception of iron, th e re  is no product of m an’s 
in d u stry  th a t  is earlie r spoken of th a n  brass, bu t 
th e  words thus used in  all p robability  referred  to 
bronze, an  alloy of copper and tin . The brazen 
serpen t in  th e  wilderness, th e  brass vessels of 
Solom on’s tem ple, and th e  so-called brass arm our 
of ancien t Greece and Rome were all doubtless 
bronze.

Bronzes of the Ancients.

The bronzes of the  ancients varied  considerably 
in th e  proportions of th e ir  ingredients, for in the 
m ain copper and tin  only were used, according to  
th e  purposes fo r which they  were intended. Thus 
m odern chemical analysis shows th a t  ancient 
bronze nails con tained  20 p a rts  copper, 1 t i n ; soft 
bronze consisted of 9 copper, 1 t i n ; medium 
bronze, 8 p a rts  copper, 1 t i n ; ha rd  bronze, 7 parts  
copper, 1 t i n ;  and m irrors, 2 p a r ts  copper, 1 tin . 
The bronze weapons and tools of th e  ancients con
ta in ed  from  8 to  15 per cent, of t in . A Roman 
sword-blade found in th e  Thames showed 85.70 and 
10.02 tin , w hilst ano ther found in Ire lan d  gave 
an analysis of 91.39 copper and 8.38 tin . The 
bronze weapons of the  Greeks and Rom ans have 
been found no t only to  be of th e  tru e s t composi
tion  for ensuring  th e  g rea te st density  for alloying 
itself, bu t th e  c u ttin g  edges, by undergoing a 
process of ham m ering, were brought up to th e  
highest degree of hardness and tenac ity . Even 
to th is  day some of th e  finest steel is m ade in th e  
sim plest and crudest m anner by natives of the  
Belgian Congo, E gypt, and o ther countries.

I t  is to  be observed th a t  most of the  ancient 
coins were of bronze, a small percentage of zinc 
being added in  some cases to improve the  colour. 
According to  analyses made by M r. J .  A. Phillips, 
the q u an tity  of t in  rela tive to copper varied very

t t  2



B.O. Copper. T in.
335 86.72 13.14
200 85.15 11.10

— 88.41 9.95
70 84.21 15.59
53 74.11 8.56
45 68.72 4.77
30 75.58 12.91

slightly  even over the  range  of 300 years. The 
following a re  the p roportions of copper and tin  
(the  o ther ing red ien ts being om itted) : — '

A lexander the  G reat 
P hilippus V 
Athens 
P tolem y IX  
Pompey
The A tilla  Fam ily  
A ugustus and  A grippa
Bronze p u re  and simple consists of a m ix tu re  

of copper and t in  in  ce rta in  p roportions, accord
ing to  th e  purpose fo r which th e  com pound is 
in tended . O ther m etals, such as zinc, lead, phos
phorus, m anganese, silicon, may have been 
added w ithou t declassifying th e  product, which is 
still called bronze, provided th a t  copper and  t in  
are  th e  chief constituen ts. The bronzes of F rance  
a re  known to  con tain  nearly  always fou r m etals, 
nam ely, copper, tin , lead and zinc. I t  is also 
s ta ted  th a t  some con ta in  m inu te  and variable 
quan tities o f nickel, arsenic, an tim ony and  sul
phur. I t  is th e  add ition  to  bronze, pu re  and 
simple, of ce rta in  proportions of one o r o th e r of 
the  m etallic substances previously re fe rred  to  
th a t  co n stitu te  the  modern developm ent of bronze 
m anufactu re , which has given us some of the  
most useful and a t  the  sam e tim e some of th e  
m ost rem arkable alloys known. These comprise 
no fewer th an  tw elve d is tin c t p roducts, all of 
wlhich find th e ir  uses in connection w ith  th e  
prac tice  of eng ineering . These are  as follow: — 
Phosphor bronze, silicon bronze, m anganese 
bronze, delta  m etal, phosphor copper, phosphor 
m anganese bronze, phosphor lead bronze, phos
phor tin , a lum inium  bronze, silveroid, cobalt 
bronze and vanadium  bronze.

Phosphorus and Copper A lloys.
These alloys form th e  subjects fo r p resent-day 

consideration  an d  investigation , each alloy func
tions in  its own p a rticu la r sphere. There a re  
o ther bronzes which are used as su b s titu te s  for 
gold in  cheap im ita tion  jew ellery, b u t they  a re  
in  th e  m ain only varia tions of some of the  
bi'onzes. A tten tio n  was d irected  some years ago

580
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to th e  use of phosphorus in  im proving the 
character of bronze to r various purposes, and 
even tually  w ith  very successful results. The 
action of phosphorus on copper alloys is principally  
due to  its  reducing qualities, by v irtu e  of which 
the  oxygen absorbed by th e  molten m etal is 
rem oved or ra th e r  the oxides thereby produced are 
e lim inated , and th ere  is im parted  to th e  m etal 
th a t  degree of homogeneity, s tren g th  and tough
ness which is peculiar to  th e  chemically pure m etal. 
The phosphorus, in producing these effects, is 
converted  in to  cuprous oxide, which floats on the 
surface of th e  m olten m etal in  th e  shape of a 
very fluid slag, w hilst the  superfluous quan tity  
combines w ith  th e  m etal. This being th e  case, it  
is no t desirable to  add to  the  bronze a larger 
q u an tity  of phosphorus th a n  will suffice to  
reduce th e  oxide presen t. I t  is though t by some 
th a t  th e  phosphorus itself im parts to  the  bronze 
th e  qualities of hardness and s tren g th , and 
therefo re  th e  more phosphorus p u t into the 
m etal, th e  b e tte r  th e  resu lts as regards hardness. 
This, however, is no t th e  case inasmuch as 
hardness would be obtained a t the expense of 
toughness.

The question of producing th e  various qualities 
of th is  class of m etal depends, no t so much on 
the  q u an tity  of phosphorus, as upon the  correct 
p roportion ing  of th e  various ingredients, phos
phorus included. These alloys a re  formed by 
th e  ad d itio n  of a sm all proportion  of a com
pound of phospliorus-copper o r from  phosphorus- 
tin . However, g re a t care is required in deter
m ining th e  exact proportions of the ingredients 
in m aking phosphorus-bronze alloys. A 15 per 
cent, phospliorus-copper to  analysis is preferable. 
P hosphorus-tin , very often supplied, has too 
much lead alloyed w ith it, which makes it  u n su it
able for certa in  alloys in th is g ro u p ; also, i t  is 
inclined to  rise in little  w hite patches on the  top 
of the  casting  th rough  oxidisation of the  com
pound. Phosphor-bronze was invented  by Dr. 
K unzel, of Blasewitz, D resden, and  was b rough t 
in to  p rac tica l use in th is country  early  in 1873 
bv the  Phosphor-Bronze Company, who have 
from tim e to  tim e pa ten ted  several im provem ents, 
both in respect to  alloys and methods of m anu
fac tu re . Phosphorus-bronze alloys a re  composed
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of copper, tin , phosphorus an d  o ther ingre
d ien ts in definite proportions, an d  are m ade to  
be e ith e r as ductile as copper, as tough as iron, 
or as h a rd  as steel, according as th e  proportions 
of the  constituen ts  are  varied . The alloys used 
for ro lling  and draw ing have very d ifferen t p ro
portions from  those employed for castings, for 
bearings, and p a rts  of m achinery. The casting  
of the  m etal, owing to  its  g rea te r flu id ity  when 
m elted, is perfectly  sound and homogeneous. 
W herever s tren g th , toughness, and d u rab ility  
a re  desired, phosphor-bronze is found to  be fa r  
b e tte r adap ted  th a n  gun-m etal and  brass, and 
in  m any cases th a n  iron-steel. W ith  reg a rd  to  
th e  applications of phosphor-bronze, i t  m ay tru ly  
be said th a t  th e ir  nam e is legion. This rem ark  
applies in  th e 'm a in  to  m ost of th e  m odern bronze 
alloys. Chief among th e ir  m any app lica tions is 
the  m anu fac tu re  of w ire, rods, tubes, sheets, 
screw-propellers, pinions, slide valves, bearings, 
bushes, axle boxes and o ther p a rts  of m achinery  
exposed to  fric tion . Phosphor-bronze possesses 
th e  advantage of no t becoming crysta lline  under 
the  action of repeated  shocks and  bends, and is 
therefo re  well adap ted  for m aking w ire ropes, 
etc.

In  the  m anufactu re  of castings from phosphor- 
bronze alloys, a new or clean plum bago crucible 
is desirable so as to  avoid any adm ix tu re  of o ther 
m etals. I t  is best to  place some small charcoal 
or char-dross in  th e  bottom  of th e  crucible, then  
add th e  copper. W hen th is  is thoroughly  m elted 
all charcoal or char-dross will rise to  th e  top  of 
the  m olten m etal. Then remove th e  crucible 
from the  furnace to  th e  casting  p it, where will 
be added th e  various ingred ien ts. The charcoal 
o r char-dross p reven ts oxidation , and should 
rem ain  on the  to p  of th e  m olten m etal u n ti l th e  
casting  tem p era tu re  is assured, th en  skim and  
cast. The casting  tem p e ra tu re  is 950 deg. C. A 
very good practica l way of g e ttin g  th e  tem p era 
tu re  is to  blow w ith  a p a ir  of hand-bellows on 
the  top of the  m olten m etal. I f  ready  fo r cast
ing, a sk in  will come and go th rough  th e  cold 
a ir coming in  contac t w ith  th e  alloy. This 
indicates to  th e  p rac tica l m an th a t  i t  is tim e  for 
casting . F o r la rge  castings, th e  moulds are 
thoroughly d ried  and dressed w ith  a m ix tu re  of
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plum bago and th in  clay w ater. Small work is 
cast green, and dressed w ith  plumbago. These 
castings should come o u t w ith a very sharp  and 
sm ooth surface, free  from  blowholes and oxide. 
In  o rder to  avoid segregation, i t  is necessary not 
to  pour phosphor-bronze a t  too  high a  tem pera
tu re , and to  see th a t  the alloy is well stirred , or, 
in o ther words, thoroughly mixed before casting.

D urability  of the M etal.

H aving  re fe rred  to  the  g re a t du rab ility  of 
phosphor-bronze under conditions of work, th e  
au th o r has made phosphor-bronze crosshead 
slippers to  replace cast-iron  slippers, which had 
only been in service th ree  m onths when they were 
worn out. These same slippers have now been 
ru n n in g  four and a ha lf years, and show little  
o r no w ear. G un-m etal slippers usually wear 
two years. A very in te resting  s ta tem en t re la t
ing  to  phosphor-bronze was made fo rty  years 
ago. A p a ir of slide-valves which had been taken  
ou t of one of th e  N orth -E aste rn  R ailw ay Com
p an y ’s express engines, a fte r six  and a  half 
years’ w orking, du rin g  which th e  engine had 
ru n  261,182 miles between Newcastle and  E d in 
burgh , th ey  w ere ta k e n  o u t to  replace the  
cylinders w ith  a p a ir  of a different type. The 
engine was of the  following d im ensions: cylin
ders 17-in. dia. by 24-in. stroke, four coupled 
wheels 7-ft. d ia ., w orking pressure 140 lbs. per 
sq. i n . ; w eight of engine in w orking tr im , 39 tons 
16 cw ts.; w eight of tender, 26 tons 4 cwts. Mr. 
F le tcher, th e  A ssistant Locomotive S uperin ten 
d en t of the  N orth -E aste rn  R ailw ay Company of 
th a t  period, sta ted  th a t  the  slide valves in  six 
and  a ha lf years had  only w orn down to  the th ick
ness a t  which they  generally  took out gun-m etal 
slide valves, and th a t  had i t  no t been th a t  they 
were p u tt in g  in a p a ir  of cylinders of a  different 
tvpe  he certa in ly  would have le t them  ru n  longer, 
as he considered them  quite  safe, tak in g  into 
consideration th e  g rea t superio rity  of phosphor- 
bronze over gun-m etal. The orig inal thickness 
of these slide valves was 1 in ., and they were 
w orn down to  f-in . th ick . G un-m etal slide- 
valves ra re ly  exceed e ig h t m onths’ work when they 
are worn out. The cylinder faces were in excel
len t condition, the  w earing being as it  should
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be on the  valves. E ven  to  th is  day th e  locomo
tives of th e  L .N .E .R . Com pany, which have slide- 
valves, have them  all made o f phosphor-bronze. 
The composition is 86.5 copper, 18.0 t in  and  
0.5 per cen t, phosphorus. ,

Some bearings which were g iv ing considerable 
trouble in  a ro lling  mill had  bushes m ade of gun- 
m etal which only lasted  ab o u t five weeks before 
scapping. A fte r rep lacem ent by phosphor- 
bronze the  bearings have now been ru n n in g  
e igh t m onths w ithou t com plain t. U ndoubtedly 
phosphor-bronze seems neglected  by th e  con
su lting  eng ineer o r designer. They have proved 
to  those engineers who have tr ie d  and  experi
m ented w ith  these alloys to  have been of g rea t 
service and value to  them  in  some of th e  g re a t 
trium phs of eng ineering , w hich otherw ise would 
have been complete fa ilu res. The beneficial effect 
of phosphorus on copper consists m ainly  in  pro
ducing a m ate ria l of definite closeness and  of th e  
highest possible degree of toughness and  elas
tic ity . These excellent qualities m ust n o t be 
a ttr ib u te d  alone to  phosphorus in  th e  m eta l or 
only in  a  secondary degree, b u t are  ow ing chiefly 
to  th e  absence of oxygen, which by th e  energetic  
reducing action of th e  phosphorus is - en tire ly  
elim inated .

Copper form s w ith  o ther m etals a series of alloys 
fa r  m ore num erous and  im p o rtan t th a n  th a t  of 
any o th e r m eta l. This m ay be accounted fo r by 
its  red  colour, h igh  m alleability , d u c tility , to u g h 
ness and  softness, and  ten ac ity , which properties 
i t  im parts in  a  g re a t m easure to  m any of its  alloys, 
when u n ited  w ith  m etals opposite to  i t  in  ch ar
ac te r. The very  p ropertie s w hich m ake copper so 
useful a re  sometimes a  d isadvan tage  for ce rta in  
purposes ; for in stance, th e  toughness and  close
ness o f g ra in  m akes i t  more difficult to  tu r n  in  a 
la th e  th a n  brass and  its  softness m akes i t  unfit 
to  be used  alone for m aking  castings sub jec ted  to 
g re a t w ear and  s tra in . I n  th e  v a s t m a jo rity  of 
cases in  which pu re  copper is used, i t  h as to  be 
m elted  and  cast in to  moulds of various k inds in 
order to  p rep a re  i t  for fu r th e r  tre a tm e n t. The 
difficulties in  producing sound castings a re  so g re a t 
th a t  i t  can only be successfully m an ip u la ted  in  th e  
hands of very skilled and  experienced workm en. 
G reat a tten tio n  has been d irected  to  th is  sub jec t
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of la te  years in consequence of the  dem and for 
solid draw n tubes, rollers, e tc ., and  different 
physics have been added to  th e  copper in m elting 
w ith a view to  overcom ing th e  inheren t defects.

M odern prac tice  in  producing gnn-m etal cast
ings has resulted  in  th e  exclusive use of copper and 
t in . They should be very tenacious, w ith sufficient 
hardness and  e lastic ity  to  res ist d is to rtion . Thev 
a re  ind ifferen t to  o rd in arv  chemical influences. 
W hile th e  add ition  of a th ird  m etal m ay be useful 
in stren g th en in g  one p a rticu la r p roperty , i t  mav 
be in ju rious to  th e  requ ired  properties tak en  as 
a  whole. The add ition  of a li tt le  phosphorus is 
very useful to  th is  alloy as a  deoxidiser and p u ri
fier. Zinc is used in  th e  m anufactu re  of copper- 
t in  alloys for bearing  purposes, b u t th is  has to  be 
used carefully , so th a t  i t  will n o t de te rio ra te  the  
w earing properties of these alloys, for if in  excess 
th e  bearing  w ears very quickly; from  1.5 to  2 per 
cen t, is am ple as a deoxidising agent, and should 
n o t be exceeded.

These personal observations a re  purely p ractical, 
b u t in  th is  field th e  au th o r is one of m anv foundrv- 
m en who would welcome more definite and  sus
ta in ed  co-operation in  its  investigations in to  the 
gun-m etal alloys for bearings. One can solicit very 
li t t le  in fo rm ation  from  m odern text-books, and 
upon such a complex problem opinions are divided. 
I f  th is  co-operation were sustained, foundrym en 
would ob ta in  a h igher s ta te  of efficiency in  th e  
gun-m etal alloys. The s tan d ard  alloy of 88 copper, 
10 t in ,  and  2 zinc is only on  th e  fringe of more 
complex alloys in  the  h igher t in  groups.

The analysis of th e  gases obtained  by heating  
pu re  copper resemble th a t  of th e  gas obtained 
from  th e  copper-tin  alloy, and th is  suggests th a t  
th e  gases which cause unsoundness in  gun-m etal 
a re  actually  in  th e  copper group. The volume of 
gases is also about th e  same, and  when once in  the 
m etal i t  is alm ost impossible to  e x trac t them . 
Zinc and  t in  ac t as deoxidising agents to  copper, 
and thus reduce th e  cuprous oxide and become 
them selves oxidised in  the process. Zinc oxide 
comes to  th e  top, and is skimmed off w ith the  tin  
oxides. Cuprous oxide, on th e  o ther hand , is 
soluble in m olten copper, and  only separates a fte r 
the  alloy commences to  solidify. This gas onlv
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a ttack s th e  delta  constituen t, th e  alpha being 
im pervious to  gas holes. A lpha and delta  being 
th e  s tru c tu re  of h igh-tin  alloys, we find th e  alpha 
constituen t solidifying first. This probably 
causes th e  gas to  be driven from  th e  alpha 
con stitu en t in to  th e  delta  constituen t, and on 
solidification th e  gas escapes, leaving local cavi
ties where th e  m etal is fa r th e s t away from  quick 
solidification. I f  founders could solidify gun- 
m etal castings as rap id ly  as the  chilled ‘ingots, 
they  would m inim ise th is  escape of gas, and  as a 
re su lt we would have, as near as possible, a homo
geneous casting .

In  th e  design for large gun-m etal castings, such 
as F ig. 1, much assistance tow ards a “ sound 
job ”  would be given by un ifo rm ity  of sections— 
varia tions of thickness do n o t help foundrym en, 
and are  th e  root cause of m any flaws in  th e  gun- 
m etal group. The ou tlined  m etal flaws are  wholly 
accounted for by the  varied  tim es of freezing ; even 
in  an  in go t or chilled te s t pieces th e re  a re  varia
tio n s  not so pronounced, however, as in castings. 
Gas holes being the  prem ier troub le  in gun-m etal, 
should no t be confused w ith o ther gases so 
num erous and  of d ifferent orig in  from  th e  gas 
escaping during  solidification of th e  m etals. F or 
exam ple: (1) "Water gas (steam ) due to  m oisture 
in th e  m oulding sand which can be elim inated  ;
(2) gases from th e  various cores, and if they 
have no free ex it du ring  casting , there  will be 
serious segregation, and also serious blow-holes 
appearing  th rough  th e  body of the  m etal ; (3) 
sands, which on con tac t w ith th e  m etals become 
glass, and  form  oxides ; (4) opinion is th a t  oxygen 
gases play a  considerable p a r t  in  th e  cause of 
unsoundness in  gun-m etal castings. I t  is though t 
if i t  w ere perm issible to  use a strong  deoxidising 
agen t before casting , i t  would help to  elim inate 
th e  gases from  the  crucible before casting . This, 
however, coupled w ith pu rsu its  of th e  chilling 
m ethods and the  necessary assistance of the 
designer in th e  un iform ity  of sections previously 
stressed, will help to  solve th is  serious problem.

In  comparison w ith th e  steel group, one cannot 
a d a p t norm alising  tow ards gun-m etal bearings. 
Any a tte m p t in  th is  d irection  destroys th e ir  
v ita l composition. I f  the  norm alising process be
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applied to  axle box o r slide valves, by t r e a tin g  them  
in a tem p e ra tu re  of 700 deg. C. for half an  hour, 
th en  th e  re su lt is to  b ring  th e  whole of th e  d e lta  
in to  one a lpha solution. I n  effect, i t  increases 
du c tility  and  m alleab ility  only, and gives a 
stronger m etal, b u t i t  is a t  th e  cost of th e  
d u rab ility  of th e  in itia l s tru c tu re , viz., as a b ear
ing  m etal, which is th e  d is tin c t p ro p erty  of th e  
delta  c o n s titu e n t; i t  has m ean t th e  sacrifice of 
an  essential factor. I t  is obvious th a t  th is  m ust 
no t be sacrificed, as would happen  in  any  a tte m p t 
a t  norm alisation . R ecen t p rac tica l tes ts  on  m odern 
locomotive slide valves confirm th is , and  prove con
clusively th a t  any such tr e a tm e n t . was abortive  as 
applied to  non-ferrous alloys when a bearing  m etal 
was desired.

The tensile te s t for high t in  alloys is no t exactly  
w hat i t  should be, and  a load te s t  or 
B rinell te s t  for hardness would be of m ore value 
for th is  class of m ateria l. The reason  fo r th is  
opinion is th e  uneven d is trib u tio n  o f th e  delta  
s tru c tu re . T em peratures have been very  often  
discussed, and  i t  is th o u g h t th a t  th e re  is no con
s ta n t in casting  tem pera tu res, b u t they  m ust vary 
w ith  w eight of th e  casting .

I t  is s ta te d  th a t  some of the  an c ien t bronzes 
have been found on analysis to  con ta in  a  sm all 
percen tage  of iron, b u t i t  does n o t ap p ear th a t  
any traces  of m anganese have ever been dis
covered. I t  is th o u g h t probable th a t  th e  ancients 
knew th a t  th e  add ition  o f iron  to  bronze would 
increase its  hardness, and  in troduced  i t  for th a t  
purpose.

Iron, M anganese and B rass A lloys.
Inven to rs have proposed com binations of iron 

w ith brass alloys, and some have also in troduced  
m anganese by reducing  , th e  black oxide of m an
ganese and com bining i t  w ith th e  copper. How
ever, none of these alloys appears to  have been 
b rough t in to  p erm anen t p rac tica l use. I t  is more 
th a n  a hundred  and fifty years since Jam es K eir 
proposed an  alloy—100 p a rts  copper, 75 p a r ts  zinc 
and  10 p a rts  iron—and in  la te r  years, S ir John  
A nderson, when su p e rin tenden t of th e  R oyal G un 
Factories, ca rried  o u t a num ber of experim ents 
w ith sim ilar alloys, and w ith some very  good re 
sults, b u t none of them  appears to  have been used
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consistently  commercially. The addition  of iron 
unquestionably increases the s tren g th  and h a rd 
ness of these alloys, b u t according to  some ex 
perim ents made a few years la te r by M r. P . M. 
Parsons, they  would appear to  acquire these quali
ties  a t  the  expense of ductility  and toughness, and 
it  is probably on th is account th a t  th is  class of 
alloys had not come in to  general use up to  the 
tim e of Mr. P arsons’ experim ents. Mr. Alex. 
P ark s , and M r. J .  D. M orris S tirling , both em i
n en t m etallu rg ists , appear to  have been the  first 
to  propose and ca rry  in to  practice, the  use of 
m anganese. Mr. P ark s combined manganese alone 
w ith copper, and used th is alloy to  form improved 
alloys of brass and yellow m etal of which to  m ake 
sheath ing , wire, nails, aud tubes. Mr. S tirling , 
in 1848, proposed to  use m anganese in  various 
alloys in  which iron  was present. A t first, he com
bined about 7 per cen t, of iron w ith zinc, and 
added to  th e  copper a small percentage of m an
ganese, by reducing th e  black oxide of m anganese 
w ith  th e  copper in  th e  presence of carbonaceous 
m ateria ls, and th en  added to  i t  th e  requisite  quan
t i ty  of th e  iron and zinc alloy to  m ake the  im
proved brass required . M r. S tirlin g ’s idea was to 
combine th e  iron w ith th e  zinc by fusion, b u t in 
p ractice, he found a  more ready m eans of procur
ing  th e  zinc and iron alloy by employing th e  de
posit found a t  the  bottom  of tanks contain ing  the 
m elted zinc for galvanising iron articles. This 
p roduct consists of zinc w ith from  4 to  6 per cent, 
of iron, b u t th is  percen tage is very variable, and 
th e  resu lts of its  use, therefore, are in some cases 
unreliable. Probably m etal m ade by th is process 
was in use fo r some tim e  for carriage  bearings on 
th e  London & N orth  W estern and o ther railways, 
w ith very good results. I t  does not appear, how
ever, to  have ever been introduced for any p u r
poses where th e  requirem ents w ere g rea t streng th , 
hardness and ductility .

Manganese Bronze.
The tim e, however, arrived, namely, in 1876. 

when these requirem ents were m et by the  aid of 
m anganese in the  m anganese bronze of Mr. P . M. 
Parsons. This alloy is p repared  by m ixing a small 
p roportion  of ferro-m anganese w ith copper. The 
ferro-m anganese is m elted in a separa te  crucible



and is added to  the  copper when in  th e  m elted 
s ta te . The m anganese, in a m etallic s ta te , hav ing  
a g rea t affinity for oxygen, cleanses th e  copper of 
any oxides i t  may contain  by com bining with' 
them  and rising  to th e  surface in th e  form  of slag, 
which renders the  m etal dense and homogeneous. 
According to Mr. Parsons, a po rtion  of th e  m an
ganese is u tilised  in th is  m anner, and th e  re 
m ainder w ith th e  iron becomes perm anen tly  com
bined w ith  copper, and  plays an im p o rtan t p a r t  in 
im proving and m odifying the  quality  of th e  bronze 
and brass alloys p repared  from  th e  copper th u s  
tre a te d . The effect is to  increase g rea tly  th e ir  
s treng th , hardness and  toughness, the  degrees of 
all of which can be modified according to  the  
quality  of ferro-m anganese used and  th e  p ropor
tion  of iron and  m anganese i t  contains. I t  will 
thus be seen th a t  th is  m ethod of m aking  m an
ganese bronze is a ltogether d ifferen t both in p r in 
ciple and  effect from  th e  inventions of e ith e r  M r. 
P ark s or M r. S tirling .

A nother p o in t of im portance is th e  n icety  w ith 
which th e  iron and  m anganese can be ad justed , 
and th e ir  effect controlled by add ing  th e  fe rro 
m anganese to  th e  copper as pursued  in  the  m anu
fac tu re  of m anganese bronze. The am ount of 
m anganese requ ired  fo r deoxidising th e  copper 
and for p erm anen t com bination w ith  i t  being 
well known by experience i t  is found th a t  very 
sligh t varia tio n s in  q u an tity  have a perceptib le 
and  ascertained  effect in m odifying th e  qualities 
of th e  alloys produced, th e  toughness can be in 
creased and th e  hardness d im inished, or vice 
versa  a t  will. I n  p rep a rin g  th e  ferro-m anganese 
for use, M r. P arsons prefers th a t  which is rich  
in m anganese con ta in ing  from  50 to  60 per cen t. 
This is mel/ted w ith  a c e rta in  p roportion  of the  
best iron scrap  so as to  b rin g  down th e  m an
ganese to  the  various p roportions requ ired , a t 
the  sapie tim e any silicon i t  con tains is reduced 
and the  m etal refined. A bout fou r qualities of 
ferro-m anganese are made in p ractice , con ta in ing  
from about 10 to  40 per cent, m etallic m anganese. 
The au tho r has been m an u fac tu rin g  m anganese 
bronze for the  last n ineteen  years u nder these 
principles, and has found them  very  successful.



D uring  th e  w ar many drop stam pings were made. 
A g re a t num ber of these alloys forge like mild 
steel, b u t care  has to be taken  not to  overheat 
th e  bronze, for a t  high tem pera tu res i t  will powder 
away. A bout 500 deg. C. is the  correct tem pera
tu re  fo r forging and stam ping . H o t working and 
ro lling  im prove these alloys considerably, and it  
is recom mended where possible to forge the 
m aterial.

M anganese-bronze castings should always be 
stud ied  from  a productive po in t of view, as only 
the  m ost expert founder can be successful where 
these alloys a re  concerned. S tandards of th ick 
nesses should be kep t as uniform  as possible, for 
in the  solidifying of these alloys g rea t contraction  
tak es  place and cracks and segregation a re  no t 
uncommon. Chilling m ethods have g rea t and bene
ficial effect as fa r  as sand castings are concerned, 
but these have to  be carefully  though t ou t. When 
casting , all gates should be im m ediately choked 
or filled to  ensure clean castings; oxide or dross 
forms very rap id ly  when the m etal comes in con
ta c t  w ith the  sand. The in le t ga te  should never 
exceed f  in. in diam eter, and a skim  ga te  provided 
as an in le t to  the  casting, which will coun terac t 
the  dross going in to  the  casting  w ith the  first 
drop of m etal. H ead pressure varies w ith weight 
of casting . In  the  m anufacture  of these p a r
ticu la r alloys g rea t care has to be exercised in 
the m elting. I t  is the  a u th o r’s practice to  make 
a ton  a t  a tim e  and rem elt the  ingots. This 
process gives the  founder a fa ir  idea of both 
composition and stru c tu re . I f  in  th e  rem elting, 
overheating  takes place the  zinc will oxidise 
freelv, which will have a serious effect on the  
s tren g th  of th e  alloy. Alloys of th is group 
should never be heated  above 1,060 deg. C. and 
cast a round  960 deg. 0 . C astings made under 
conditions ou tlined1 are homogeneous a fte r 
m achining. C astings up to 5 cwts. have been 
m ade in green sand  successfully under personal 
directions. Some of the most successful m ain
line locomotives are  ru nn ing  a t the present tim e 
with manganese-bronze bearings weighing cwts. 
each, and m anufactu red  by the  N orth B ritish  
Locomotive Company. Glasgow. (Fig. 2.) These 
bearings stand  considerable wear and pounding, 
which is one of the  g rea test v irtues of m anganese- 
bronze bearings for axle-boxes.
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M etallic packing should a t  no tim e be cast in 
sand moulds. The reason for th is  assertion is 
th a t  being cast in  sand moulds i t  takes too long 
to  a rr iv e  a t  th e  freezing po in t, w ith th e  resu lt 
th a t  th e  denser m etal separates from th e  ligh ter 
alloy, and uneven d is tribu tion  is clearly shown. 
In  th e  system  of chilling a uniform  s tru c tu re  
th roughou t is go t w ith no separa tion , a closer 
g ra in  is obtained and all th e  particu les a re  closely 
un ited , freezing p o in t in m any cases being in s tan 
taneous, which is one of th e  v ita l points in 
coun terac ting  the  separa tion  of the  different 
m etals which are  used in  its m anufacture.

W hite M etal for Bearing Purposes.
The m etals used for th e  compositions of the  

various alloys a re  copper, tin , lead, zinc and a n ti
mony, b u t seldom more th an  th ree  of these are 
used in  any alloy. W ith  m achinery ru nn ing  a t 
high speeds o r w ith  g rea t pressure, the  bearing 
surfaces are  subjected to  considerable fric tion , 
and in m any oases th e  object of th e  engineer is 
ra th e r  to reduce th is  fr ic tion  to  th e  lowest degree 
th a n  provide a  bearing  which will s tan d  g rea te r 
pressure w ithout w earing. The common practice 
a t  th e  presen t tim e  is to  m ake th e  foundation  
of brass o r of bronze, and to  line th e  bearing  su r
faces w ith a renew able lin ing  of white m etal. One 
g re a t advan tage  of w hite-m etal alloys is th e ir 
low m elting po in t. A w orn-out hearin g  can be 
readily  m elted o u t and replaced by a new one. 
C are should be exercised n o t to  ra ise  th e  m etal to 
too high a  tem pera tu re , as i t  causes the consti
tu e n t m etals to  oxidise unequally, th e  volatile 
meta'ls escape, and th u s  th e  composition is con
siderably altered . W hite-m etal bearings are  in 
dispensable fo r certa in  purposes, fo r example, 
where th e  sh a ft in th e  bearing does no t ru n  
smoothly. I f  th e  bearing  is made of hard  m etal, 
considerable fr ic tion  is set up, and a struggle  will 
tak e  place between the axle and th e  bearing, the 
softer of th e  two being worn away, causing th e  
axle to  be p itte d  or corded. By th e  use of a soft 
w hite-m etal lin ing  the  axle is not worn, bu t it  
adap ts  itself to  th e  condition of th e  bearing and 
runs w ith much less fric tion . G reat d iversity  of 
opinion regard ing  high-tin  alloys and high-lead 
alloys exists, b u t a  g rea t deal depends on the  load



■which th e  bearing  has to  carry . This proves the  
usefulness of th e  alloys. F o r exam ple, th e  tru ck  
axle-box bushes of th e  first A tlan tic  eng ines were 
lined w ith  a h igh-tin  alloy, and  these  bearings 
had to  c a rry  a heavy load. They gave consider
able troub le  a t  first u n til a high-lead bearing  was 
substitu ted , and  to  th e  p resen t day they  a re  ru n 
n ing on high-lead bearings. Z inc alloys of w hite 
m etals have been very common, b u t they  seem to  
have been discarded of la te . They s tan d  m uch 
heating , bu t th is  is a t  th e  expense of th e  axle, 
which in m any oases becomes corded, and th e  axle 
has been known to  give way in  consequence. Some 
of these bearings actually  have to  be c u t off th e  
axle. W hen they  become ho t th ey  do n o t fuse 
like a h igh -tin  o r a  high-lead w hite  m etal and ru n  
ou t, b u t become a black mass of oil and  g r i t  and 
decomposed m etal. Therefore engineers th ro u g h  
p ractice can adop t th e  alloys m ost su itab le  for 
th e ir  requirem ents.

The m an who aspires to  th e  fo rm ation  of new 
alloys or wishes to  produce m etals su itab le  for 
d ifferen t requirem ents as circum stances arise  m ust 
be well acquain ted  w ith  the  n a tu re  and p roperties 
of th e  sim ple m etals in  o rder to  accomplish his 
ob ject successfully, and  a lthough  a knowledge of 
th e  components is no t sufficient in  itself, i t  is of 
advan tage  in  assisting  the  o pera to r who combines 
p rac tica l experience w ith  theo re tica l knowledge 
in  th e  m ixing of m etals.

Foundry Furnaces.
F urnaces, like a g rea t m any o ther p a r ts  of 

foundry equipm ent, have undergone considerable 
change, b u t still th e  au tho r does no t consider the  
ti l t in g  furnace an advantage in any way com pared 
w ith a good h earth  crucible furnace. The only- 
improved fu rnace  type from  which consisten t 
results may be expected—as reg ard  m elting  and  
su itab ility —for the  casting  of high t in  and gun- 
m etal alloys will be th e  elec trical furnaces, a goodlv 
num ber of which a re  w orking in  A m erica where 
electrical power is cheap. The advantages to  be 
gained from  electrical m elting  a r e :— (1) P ra c 
tica l and  desired tem pera tu res  can be ob ta ined :
(2 ) tem p era tu re  can be controlled w ith  accuracy;
(3) in troduc tion  of im purities w ith  fuel avo ided ; 
and (4) oxygen is no t necessary in  the  furnace.
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The draw back in in sta lling  electric furnaces 
is th e ir  in itia l cost and the  high cost of electricity . 
U n til electric power becomes cheaper the  progress 
of th is  class of furnace will be ham pered, bu t 
they  will, i t  is though t, supersede all o ther types 
of fu rnace. In  th e  m anufactu re  of non-ferrous 
m ateria l much depends on th e  way i t  has been 
handled  in  th e  furnace. This is where a g rea t 
deal of troub le lies, and w ithout the  a id  and skill 
of h igh ly -tra ined  furnacem en who thoroughly

F i g . 3 .— C r u c ib l e  M e l t in g  P l a n t  at  t h e  
N o b t h  B r i t i s h  L o c o m o t iv e  C o m p a n y , 
L i m i t e d , G l a s g o w .

u n ders tand  th e  m elting of the  various m etals
one can an tic ipa te  fa ilu re  and  loss. M etal 
should a t  no tim e lie for a prolonged period when 
molten, as oxidation  takes place very often  and 
varia tion  of composition is th e  result.

The furnaces (F ig. 3) a re  n a tu ra l d raugh t
and  consist of a b a tte ry  of twelve furnaces.
They a re  b u ilt from the  best refrac to ry  m aterials 
which m ust he able to  w ithstand violent fluctua
tions of tem pera tu re . They m elt steel, iron and 
manganese w ith li t t le  o r no trouble. A crucible 
of alloy contain ing  240 lbs. from  a copper base 
can be melted and ready  for casting  in 1  hr.
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10 m ins., w ith  a  consum ption of 56 lbs. coke. 
By 240 ibs. of m etal is n o t m ean t yellow brass 
b u t gun-m etal. Copper only is m elted in  fu r
naces as th e  au th o r p re fe rs to  do all m ix ing  for 
gun-m etals, phosphor-bronze, e tc ., on th e  hearth . 
W hen th e  foundry  is in  fu ll w orking o rder th e  
first six furnaces give five h ea ts  p er day  w ith  no 
less m elting  capacity  th a n  240 lbs. per h ea t, th e  
o thers g iv ing  fou r heats per day.

F ig . 4 shows one of tw o reverbera to ry  furnaces 
where is refined all copper scrap  from  boiler fire-

F i g . 4 .— P a r t  o f  t h e  R e v e r b e r a t o r . y  F u r 
n a c e  P l a n t  a t  t h e  N o r t h  B r i t i s h  L o c o m o 
t i v e  C o m p a n y ,  L i m i t e d ,  G l a s g o w .

box plates, copper stays, etc. I t  is lined w ith  th e  
best G lenboig brick. These furnaces use forced 
d rau g h t w ith  a  sm all coal box for m an u fac tu rin g  
gas. The gas passes over th e  bridge and  is ign ited  
w ith  ¡hot a ir which m elts the  m e ta l; its  capacity  
is one ton . Two heats a re  tak en  from  th is  fu r
nace in  4 h rs ., which includes charg ing  and 
pouring  in to  ingot moulds. All m anganese bronze 
alloys are m ade in  these furnaces w ith  very suc
cessful resu lts . The coal consum ption per h ea t 
figures ou t abou t 4 cwts. 1 qr. to  17.5 cwts. of 
m etal m elted. The fuel used for these fu rnaces 
is “  B a ird ’s best h a rd  coke.”  I t  m ay be a li t t le
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dearer to begin w ith bu t is economical. There is no 
cru s ting  o r slagging round th e  bottom  of the 
crucibles or furnaces as in th e  case of some brands 
of coke. Soft char is unsu itab le  for th is class of 
work. Coal is used for th e  reverberatory  furnace, 
and  w hilst sp lin t is preferred , any class will do if 
carefu lly  handled.

Q uality of the Casting.
In  every-day foundry  p ractice  castings a re  

e ith e r re jec ted  or accepted on th e  showing of 
the tensile  s tren g th s and elongations of definite 
test-pieces from th e  castings produced. While 
th is may be a valuable check aga in s t the  accept
ance of fau lty  or in ferio r workm anship, ye t the 
microscope reveals unm istakably  th a t  th e  cause 
of th e  troub le  in  m any cases is en tire ly  due to 
irreg u la r sections in the  casting . The evolu
tion  of th e  test^piece has been purely academic, 
an d  i t  can be dem onstrated  th a t  in modern 
foundry prac tice  no c rite rion  exists of w hat a 
prac tica l m an would call a good job and  suitable 
in every respect for th e ir  p a rts  as engineering 
components.

T est resu lts  arrived  a t in laboratories from 
test-pieces cast in  sm all sections, say 6 in. long 
by |  in. square, and , according to  specified tests, 
may, in every respect, be acceptable, b u t if a 
test-piece is c u t from  a  section of th e  same cast 
of m ateria l o u t of a  casting  bearing  from 1 £ in. 
square to  8 in. square, i t  fails m iserably under 
te s t w ithout exception. These a re  the  conditions 
m odern foundrym en are subjected to . This is 
not qu ite  in  accordance w ith w hat m etallu rg ists 
and consulting  engineers would have us believe, 
although qu ite  explainable by th e  foundrym an.

I f  a sam ple of a  gun-m etal o r high tin  alloy 
consists of seven d ifferen t sections, as detailed 
in Table I , A is in ifine condition, th e  A lpha and 
D elta being  very evenly d is tribu ted , and fairly  
homogeneous; B is also in fine condition, b u t a 
litt le  coarser in  s tru c tu re , w hilst C, D, and E 
are  progressively still coarser, w hilst F  is very 
coarse in  s tru c tu re . In  th is  type  of struc tu re  
there  a re  local cavities. The seventh specimen G 
shows a  6  in . by I t  in. piece, cast under chilled 
conditions from  th e  same mix of m etal, showing 
the  most homogeneous s truc tu re .
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Table I .— Properties of Gun-metal Test-pieces of increasing 
Section— Casting Temperature of Samples, 1,170 deg. Cent.

Sec
tion. Sand Cast. Dia.

M.S. 
tons per 
sq. in.

E.
per

cent.

R .A .
per

cent.

A f"  sq . X 6" lon g 0.564 17.0 5.2 4.96
B 1" sq. X 6" „ 0.798 14.5 4.8 4.44
C l i " s q . x 6 "  „ 0.798 13.8 3.5 3.2
D 2" sq. X 6" ,, 0.798 10.3 2 .6 Nil
E 3" sq. X 6" ,, 0.798 9.0 2.0 N il
F 4" sq. X 6" ,, 0.798 8.12 2.0 Nil
G sq. x  Chilled 0.798 17.4 1.75 1.96

All made from Virgin Metal— Copper, 85.5 ; Tin, 13.25 ; 
Zine, 1.25.

The specimens a re  n o t th e  finest one can p ro 
duce, b u t ju s t w hat any  foundry  forem an gets 
every day if he cares to exam ine his p roduc t of 
such dim ensions. I t  is, th ere fo re , up to  th e  con
su lting  eng ineer, th e  designer, and  th e  m eta l
lu rg ist to  consider th is  problem , for the  foundry- 
man can  only chill his castings to  a very lim ited 
ex ten t if th e  heavy sections of castin g  have to  
be any th in g  like th e  sm all sections in  s tru c tu re  
and  te s t requirem ents.

Table I I .—Properties of Phosphor Bronze containing 
80 Copper, 10 Tin, 8.0 Lead, and 2° Phos. Copper (Phos.
15%).

Tests. How Cast and 
dimensions. Dia.

M.S.
tons per

E.
per

R .A.
per

sq. in. cent. cent.

1 Sand f" sq. by 6"
long 0.564 14.48 6.0 4.96

2 Sand 1£" sq. b y  6"
long 12.8 5.5 4.44

3 Chills l i"  sq. by
6" long 18.6 7.3 9.28

4 Chills* 1J" sq. by
6" long 22.24 7.0 broke

ou t
side
cen 
tres.

* Sample No. 4 was free from lead.



Table I I  re la tes to  phosphor bronze for bear
ings and  shows th e ir  p roperties, both sand and 
chilled cast.

In  the  consideration  of these investigations th e  
difficulties encountered, in  m odern foundry prac
tices a re  ap p a ren t in  order to  obtain  th e  10 0  per 
cen t, resu lts  so m uch desired in  m odern m arine 
and  locomotive castings. As fa r  as it  is hum anlv 
possible a  good sound job is assured by co-opera
tion  between th e  foundry  and  th e  "laboratorv, 
and  the  care  exercised by th e  form er finds con
firm ation  in th e  resu lts  of tes ts  carried  o u t in 
th e  labora to ries and test-rooms.

M any instances could be cited  where demands 
are  m ade on th e  m a te ria l never contem plated 
from  th e  foundry  end, and sooner or la te r 
fa ilu re  is reported . These failures, then , can 
hard ly  be a ttr ib u te d  to  the  founder o r th e  m etal
lu rg ist.
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STANDARDISATION IN MODERN FOUNDRY  
PRACTICE.

By M . J. Cooper, M em ber.
In  in troducing  th e  sub ject of stan d a rd isa tio n  

in modern foundry  practice, the  au th o r realises 
he is speaking before, perhaps, th e  m ost critica l 
audience in  the  foundry  trad e . C overing a
num ber of years’ experience a t  home and  abroad, 
th e  au tho r has observed th e  d isregard  in  all 
foundries to  s tandard ise  tools, appliances, methods, 
and  m ateria ls  in  every-day use, n o t only in  small 
foundries, b u t in  com paratively  large e s tab 
lishm ents. Take as an  exam ple tw o m en
w orking ad jacen t to one ano ther occupied on the  
sam e class of work, o r even 011 iden tical p a tte rn s , 
i t  is no t an uncommon experience to  find them  
using boxes of qu ite  d ifferen t size and  shape, 
artic les for ram m ing which have no resem blance, 
size, shape or w eight, to  th e  generally  accepted 
tools for the  purpose. F ac ing  sand, th e  colour of 
which alone is positive proof th a t  th e  co n stitu en t 
p a rts  are  n o t of th e  p roportions ru lin g  in  o ther 
p a rts  of the  shop for th e  sam e class of work, 
a p a r t from  th e  m ore or less coal dust con ten t or 
am ount of m oisture contained, and, m ost im por
ta n t  of all in  th e  a u th o r’s opinion, th e  degree 
of density  w ith which th e  m oulds a re  ram m ed. 
Even the  size, shape and  position of th e  ru n n e r 
and ga te  employed so vary  th a t  i t  m akes one 
realise th e  lack of system , m ethod, o r more cor
rectly  described orderliness of m ind prevailing  
th ro u g h o u t th e  foundry  world, and  more Sur
prising  still th a t  all these m u ltifa rious methods 
a re  expected to  produce one resu lt, they  do, and  
mostly an  ind ifferen t one. H av ing  com pleted th e  
mould, again  th e  same m u ltip lic ity  of m ethods 
are  employed th ro u g h o u t th e  sam e foundry  for 
securing the  boxes aga in s t ferro -sta tic  pressure. 
W eights of all irreg u la r size and  shape are  
employed, cram ps w ith  and  w ithou t pack ing  and 
wedges, slotted p ins and th e  destruc tive  m ethod
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of w edging th e  pins from th e  side of the m oulding 
box, all find favour w ith in  an a rm ’s length 
of the po in t of observation. R unner bushes or 
cups, whose shape and dim ensions seem to  have 
been designed solely to discharge th e  contents of 
the ladle in  the  first stages of pouring, anywhere 
b u t down th e  ru n n e r , and la te r  to  convey slag 
and  kish in to  th e  m ould along w ith th e  m etal. 
A gain w rought iron gaggers o r lifters, o r cast- 
iron ones—an expensive abom ination wherever 
they  a re  in vogue—as is also' th e  Scotch system 
of wooden sticks, or soldiers, all a re  often 
employed in  conjunction in  m any foundries.

M any m ethods of tim e booking and tim e 
tak in g  on jobs, mostly on the same scale of 
efficiency to  th e  reg u la r conduct of the  shop, 
and in  a charitab le  sp irit, le t us say well-meaning 
b u t unreliable. Even in  m any foundries th a t  have 
m odernised, th e  atm osphere of th e  old 
Bohemianism of th e  foundry prevails, as witnessed 
by the  flotsam and je tsam  of th e  engineers’ 
scrap bin, which one finds general about the 
foundry. Realise, then , th e  difficulty of a man, 
e ith e r journeym an or forem an, coming from  one 
foundry  to ano ther, each foundry having its 
half-hlearted system, o r perhaps no system a t 
all, th e  difficulty to  regu la te  hLs m ind and his 
methods to  th e  new surroundings.

I t  is advantageous to  consider some of the 
m any w orkm anlike methods an d  appliances in 
the  ligh t of s tandard isa tion . I f  the foundries are 
to  s tandard ise  in th e ir  costing system, they  m ust 
consequently s tandard ise  th e ir methods and 
general rou tine , and although such standard isa tion  
of m ethods as applied in  th e  m otor and 
allied trades cannot, perhaps be accomplished 
in general foundry  work, m any branches of the 
trad e , and  m any processes in  th e  m anufactu re  of 
castings and the  appliances used, do a d ap t them 
selves, if not to  universal standard isa tion , to  
s tandard isa tion  in individual shops.

Sand Density.

The first operation  calling for standard isation  
in foundry  work is the  density to  which th e  sand 
com prising the  mould face should be ram med, 
especially in green-sand work, and th is is most
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readily  accepted by th e  m oulder who lias served 
his apprenticeship  in  an  alm ost exclusively green- 
sand foundry . In  dry  sand and loam  sand th e  
properties o f th e  sand are  ru led  hy th e  g ra in  
size and  clay con ten t, h u t in green-sand work 
executed by hand  or m achine i t  is essen tia l to  
control the  density  in add ition , to  produce sa tis
fac to ry  results.

T here is now on th e  m ark e t an  in s tru m en t 
which will reg is te r th e  density  of th e  mould face 
in a sim ilar m anner to  th e  B rinell te s t. Now 
when some te s t of th is  n a tu re  is in  general use 
foundrym en m ay begin to  consider sand s ta n 
dards or th e  re la tiv e  values of sands in  general 
use w ith a standard ised  sand. I t  is now accepted 
th a t  the  m ost su itab le  sands for foundry  use a re  
those hav ing  a g rain-size ran g in g  between 60 to  
10 0  mesh to  th e  inch and a m axim um  clay-content 
of 1 2  per cent., and  a density  to which a sand 
may be ram m ed is governed by the  percen tage 
of g ra in  con ten t lower th a n  10 0  mesh and to  th e  
fineness of th e  clay conten t.

The Preparation of Facing Sand.

There is b u t a very small percen tage  of 
foundries, large o r sm all, properly  equipped fo r 
th e  proper p rep a ra tio n  of facing  sand  o r loam. 
The s tan d a rd  foundry  or sand  mill should be 
provided w ith m echanism  for lif tin g  th e  rollers 
off the  bottom  of th e  pan  im m ediately th e  sand 
has received sufficient m illing  or knead ing , and 
i t  is ju s t as essential for economy in  H .P . and 
economy in  tim e th a t  a variab le  speed g ear should 
be fixed. The conduct of new sand when in  con
ta c t  w ith m etal frequently  depends on th e  t r e a t 
m ent i t  has received before reach ing  th e  hands of 
the  m oulder. The usual sand p rep a rin g  in s ta lla 
tion  is in the  form  of a  m o rta r g rin d in g  mill, and 
the  choice- seems to  if all on th e  self-em ptying 
va rie ty , and th e  g rea te r th e  am oun t of sand to 
be prepared , th e  la rger th e  m ill, and as though  
th e  s tren g th  of the  m ateria l changed in p ropor
tion  to  the  am ount requ ired , th e  w eight of th e  
rollers is increased w ith th e  size of th e  pan  and 
vary from 5 to  25 cwts. per roller. Speeds vary  
from  10 revs, per m in u te  for pans 3 f t . 6 in. dia. 
to 60 revs, on pans 9 ft. d ia ., and vice-versa.
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Some mills a re  equipped w ith two plain-faced 
rollers or two co'gged rollers, or, again , one plain 
and one cogged, and all th is  v a ria tion  in speed, 
w eight and design to  accomplish simply the 
proper blending of the  sand. W hether facing 
sand is being p repared  or loam, on all these mills 
th e  speeds are  constan t, and w ith the  self- 
em ptying varie ty  th e  mill goes on g rind ing  the  
contents u n til th e  pan is em ptied, and th a t  opera
tion  is controlled by th e  condition of th e  scrapers 
which, following th e  low stan d ard  of foundry 
p la n t m ain tainance, is .generally bad. Obviously 
p a r t  of th e  sand is properly mulled (or u nder
mulled) and the  o ther p a r t  is overground, and 
unless la te r  p u t through  a d is in teg ra to r, th e  result 
is b e tte r  im agined th an  described.

In  th e  au th o r’s experience a roller w ith a 12 in. 
face, th e  w eight should not exceed 10  cwt. and the 
surface speed of th e  pans or rollers should not 
exceed 150 ft . per m inute , for facing sand. A fter 
passing under th e  rollers for a short tim e a t  full 
pressure th e  rollers should be raised and the  speed 
accelerated ju s t to  give th e  m ulling action w ithout 
reducing the  g ra in  size, and in the  case of loam, 
th e  speed m ay receive much g rea te r acceleration. 
By th is  m eans th e  sand will be p repared  much 
more quickly and w ith a very considerable saving 
in h .p . R egard ing  the  m erits of cogged and plain 
rollers, much will depend on th e  class of m ateria l 
being tre a te d . T or ro tten  rock undoubtedly the 
cogged roller is a g re a t advantage for breaking 
down th e  lumps, where th e  sand cannot be pro
cured in th e  d is in teg ra ted  sta te . At th e  same 
tim e, im m ediately th e  breaking down operation 
is accomplished i t  is very obvious th e  surface of 
the roller which comes in con tac t w ith th e  sand 
is very small, and therefo re  has a g rea ter crushing 
effect, considerably vary ing  th e  gra in  size.

The Standardisation of Ram m ers.
The most im portan t item  of s tandard isa tion  is 

the foundry  ram m er, the  density  to which sand is 
ram m ed depends en tire ly  upon th e  sense of touch 
of th e  operator, and th is can only be acquired 
when th e  m edium  used is fa irly  constan t 
in dimensions and w eight. In  m any shops 
balance and w eight of the  ram m er receive 
no consideration w hatever, any old piece of 
scrap iron on th e  end of a rod vary ing  in
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diam eter from  5 to  J  in. and in w eight from  5 lbs. 
to  14 lbs., is allowed for the purpose of ram m ing, 
and to  m ake i t  m ore aw kw ard when i t  is n o t in 
use as a ram m er i t  is th e  first a rtic le  seized upon 
for a lever o r as an  a d ju n c t in  b reak ing  up th e  
foundry  scrap . Pegging ram m ers for general 
floor work should he s tan d a rd  a t  7 lbs., w ith  a 
tolerance of 2 1b s . ; th a t  is, + f  lbs. for heavy dry- 
sand work and — ljlb s . for ligh t green sand , w ith  
a s ta le  d iam eter of § in . x 54 in. long. This is

set o u t in  F ig . 1. F la t  ram m ers m ay have th e  sam e 
to lerance; th e  s tan d a rd  should be 9 lbs. +  f  lbs. 
and — l j lb . ,  th e  s ta le  to  be § in. x 54 in . long. 
A ram m er is much b e tte r  on th e  ligh t side, being 
more easily m an ipu la ted , and th e  density  of ram 
m ing being accomplished by th e  v a ria tio n  in  t h e 1 
leng th  of th e  stroke, or th e  li tt le  ex tra  force p u t 
in to  th e  downward blow. A fla t ram m er, upon 
which one m ig h t usefully standard ise , is shown in 
F ig . 2.

The D esign and Construction of M oulding Boxes.
T here is u rg en t need for s tan d a rd isa tio n  of 

m oulding box equipm ent of all sizes, dim ensions



and thickness, weight for single-handed and 
double-handed operation , size of pins, snugs, 
handles and bar space.

I t  is quite  common to see boxes 12 in. sq. x 
4 in. deep and § in. and J  in. m etal, and the 
au th o r has seen boxes 4 f t . square, designed by

fjOo
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a forem an pa tte rn -m aker in  th e  dual capacity  of 
foundry m anager (w ith in  the  last two years), for 
use w ith a jo lter, w ith  sides of lf - in . m etal, and 
beyond th e  power of the  m achine to  bump. I t  is 
suggested th a t  for p la te  o r m achine work for 
m axim um  single-handed lift, th e  box and sand 
con ten t should n o t exceed 1  cwt., and such boxes, 
say up to  20 in. x 12 in. x 4 in. deep, or 24 in.
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x 10 in. x 4 in ., or 16 in. x 16 in. x 4 in. 
deep, should n o t exceed -jk -in. m e ta l w ith  
radiused corners giving equal m etal th ro u g h o u t 
the  box, and handles of m ild steel n o t less th an  
|  in. d ia ., and  pins for p la te  work and  general 
use, n o t less th a n  § in. dia. and  3 |  in. long from  
th e  shoulder, to  be  m ade of m ild  stee l w ith  
0 .0 1 -in. clearance on th e  diam . and  to lerance on 
th e  lines of th e  “ N ewall ”  ru n n in g  fits, allow
ing a lead a t  th e  top  of th e  p in  of -¿■-in.. ta p e r  
in |  in. All snug  holes should be jig  d rilled  and 
ream ered to  s ta n d a rd  dim ensions w ith  snugs a t 
least tw ice th e  thickness of the  diam . of th e  pin.

F o r all double-handed boxes (two men) and  
crane boxes up to  6 f t . sq. i t  is advisable to  have 
I in. diam . reg iste r pins, w ith  th e  sam e to lerance 
as th e  sm aller pins, and on all crane boxes i t  is 
a considerable advan tage  to  have th e  p ins case- 
hardened. F o r deep lifts  9 in. and upw ards, 

in. ta p e r  to  1  f t . should be allowed to  w ith in , 
say, 2 \  in. from  th e  shoulder, which portion 
should then  be paralle l and  have th e  usual 
0.01-in. clearance. F o r double-hand boxes (two 
men) to  be lifted  abou t by h an d  when ram m ed, 
the  handles should not be less th a n  1  j  in . d iam . 
x 5 in. long; handles of less d iam eter cu t in to  
the  hands a t  every l i f t  and  a re  th e  cause of g rea t 
discom fort. A gain, th e  handles for a double- 
handed lif t shall be k ep t w ith in  reasonable lim its 
of spread, and as n ea r 2 1  in. as possible for com
fo rtab le  w orking. On m oulding boxes above th e  
single-hand ty p e  and co n ta in ing  cross bars i t  is 
advisable to  have fou r snugs, which m ay serve 
th e  dual purpose of ta k in g  the  reg iste r p in  and 
for clam ping th e  box aga in s t ferro -sta tic  pressure. 
Cross bars should have a  s ta n d a rd  d is tance  of 
5 in. clear m inim um , and may w ith  advan tage  
increase to  6 in . on la rge  crane boxes, and  on all 
composite boxes th e  bolt holes fo r secu ring  all 
bars and group bars should be no t less th a n  7-in. 
centres. A b ar space of less th a n  5 in. w ill no t 
allow the  pegging ram m er to  w ork properly  
between the  lifte rs, and  fla t ram m ing  w ith  a 
stan d a rd  fla t ram m er is o u t of th e  question. 
L arger m oulding 'boxes (top p a rts ) of th e  crane 
type, in add ition  to  hav ing  c ircu lar o r radiused 
corners, should have th e  cross bars p ropo rtionate ly
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as near th e  sam e stren g th  as th e  outside fram e as 
fa r  as possible to  m inim ise con traction  stra in s , and 
all lif tin g  handles or lugs should pull longi
tu d in a lly  w ith  the  cross bars. F o r boxes above 
0 f t . square i t  is desirable to  have th e  outside 
fram e channel section, for in  addition  to  increas
ing  th e  s tren g th  w ith  a saving in  weight, i t  is a 
g rea t advan tage  when securing the  boxes w ith 
cram ps aga in s t ferro -sta tic  pressure.

All boxes above 6  f t . square should have the  
corners sp lit w ith  sp littin g  p lates and la te r 
fitted  w ith ano ther th icker p la te  to  secure w ith 
suitab le  bolts.

In  designing boxes of a heavier type th e  au thor 
favours th e  com posite construction, th a t  is an 
independent fram e w ith  bars cast in  groups of 
th ree  o r four. This ty p e  of box possesses

num erous advantages, a group of deep bars may 
be su b stitu ted  for a group of shallow bars, or 
bars of special shape to  su it the  contour of th e  
p a tte rn , and w herever th e  class of work w arran ts 
it, provision should be made in th e  design of the 
boxes generally  for bolting end and end, for 
instance, th ree  6-ft. square boxes would build a 
box 18 ft . x 6 f t . ,  or tw o boxes would build  a 
box 1 2  f t . x 6  f t . ,  th is, of course, necessitates all 
bolt-hole centres being m ade standard .

W here tru n n io n s or swivels a re  provided, and if 
cast as p a r t  of th e  box, these should have a su it
able m ild-steel chill cast through  to  m ake the 
m etal homogeneous th roughout.

Standardising the Equipment for Loam M oulding.
In  the  general run  of spindle work, b u t th ree 

sizes of spindles are  requ ired , 2, 3, and 4 in. dia. 
These may vary  in  length  according to  th e  class 
of work produced, b u t th e  d iam eters cited should 
be stric tly  standard , and  more im portan t still is
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the adoption of a s tan d ard  tap e r , say an included 
angle of approxim ately  1 0  deg. or 1  in. per ft., 
and  th e  length  of ta p e r  should be say 8 i n . , and 
a recess 1 /32-in. deep and  3 in. long should be 
tu rn ed  in  the  ta p e r  length  to  reduce the fric tion  
and th e  add ition  of a sligh tly  sp ira l grease groove 
is a g re a t advantage. This is shown in F ig . 3. 
M aster spindles should he provided for th e  cast
ing of crosses o r spindle centres.

Speaking generally , very few foundries have 
adopted a s tan d ard  ta p e r  for spindles, and  the  
confusion and  w aste of tim e  a ris ing  from  th is  
disorderly  way of w orking is only known to  those 
actually  employed in m atch ing  a spindle and

p la te  once they  have been separa ted , and; in  the 
long ru n  generally  resu lts in  a new p la te  hav ing  
to  be cast. A gain i t  is qu ite  usual w here a
stan d a rd  C .I. arm  is no t in use for spindles to  
vary  in ¿-in. from  any d iam eter to  any d iam eter, 
consequently when th e  mould goes in to  th e  stove 
to  dry , th e  board, th e  arm , and  th e  spindle m ust 
be k ep t in tac t, o therw ise th e  whole opera tion  of 
se ttin g  the  a rm  and th e  board has to  be gone 
th rough  again  involving a considerable am ount 
of ex tra  work. T here is alm ost as m uch v a ria 
tion  in spindles and spindle arm s as th e re  is in  
ram m ers, and  loam work, always an  expensive 
and u n tid y  process, is m ade doubly so.

In  F igs. 4 and 5 are shown varie ties of spindle 
arm s upon which stan d a rd isa tio n  is desirable.

Runner Plugs.
R unner plugs whose design prom otes th e  very 

trouble  for which they  are employed to  overcome,
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th a t  is to  p reven t sand and dirt being carried 
down the ru n n er w ith the  first flush of m etal, 
instead of which very frequen tly ' the  face of the 
plug is so large th a t  th e  power of suction dis
tu rb s th e  sand a t  the bottom of the ru nner basin 
upon which they  repose and the  displaced sand  is 
c a rried  down th e  ru n n e r and into the casting to 
be a ttr ib u te d  to  d ir ty  m etal, d ir ty  moulds and 
eu tec tic  excesses of all kinds. The general run  of 
so-called ru n n er plugs is an artic le  of u tility , they 
are invariab ly  of a  design like a  flat ram m er w ith 
a m ore or less flat surface 3 in. sq. or 3 in. dia.

upw ards. They act as occasion dem ands, as a 
ru n n e r plug, as a fla t ram m er, etc., bu t when 
doing its best service is used heated as a d rier 
fo r red ry ing  damp patches on cores a fte r  m aking 
up lif tin g  hooks. The s tan d ard  ru n n e r plug, 
subm itted  in  Big. 6 , should follow th e  lines of 
the  s tan d a rd  mushroom valve, b u t the  seating  
should be deeper, and the included angle of the 
seating  should be a  little  less th an  th e  plug.

The sea ting  m ay be made from a  loose or 
separa te  core for a  dry-sand mould, o r in th e  case 
of a loam mould sufficient loam may be secured 
on the  top  p la te  an d  the  seating  p a tte rn  bedded 
in the  loam and dried in position.

Skim m ers.
Skim m ers of all weights and sections of bar 

iron e ith e r too heavy com fortably to  m anipu late  
or too short and narrow  to  be effective are 
accepted as being good enough, and two or three
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bad castings of com paratively  ligh t w eight will 
pay for all th e  new skim m er iron  requ ired  in th e  
average large  shop in  a year. F o r shank or ligh t 
ladle work th e  most convenient section of m er
ch an t iron  is 1 |  x i  in. and cu t to  6 -f t. leng th s; 
th is will allow am ple to  tu rn  for th e  skim m er 
head, and a reasonable surplus for wear and  tea r. 
F o r skim m ing a crane  ladle, when pouring , 
a f-in . dia. piece of rod or p ip ing  6 f t . long to  
which has been welded a head in th e  form  of a 
scim itar, say, 18 in. long and 3 in. deep in th e  
blade, will tr a p  a wide surface and ad ju s t itself 
to  vary ing  sizes of ladles. U ndoubtedly  for skim 
m ing th e  slag and  kish off a  ladle a t  th e  cupola 
a  s tan d a rd  boiler rak e  is difficult to  im prove upon.

W here ind iv idual a tten tio n  canno t be given to  
casting  sm all work which has to  be m achined and 
w here m etal is caugh t d irec t from th e  cupola a 
perfo ra ted  skim m ing spoon is essential.

Runner Bushes or Cups.
For general jobbing, sm all work and  p la te  and 

m achine work requ iring  a  head of m eta l th e  c ir
cu la r C .I. bush or cup, if p roperly  lined  o r made 
upon a C .I. bush m aker, is w orth  standard is ing , 
and if m ade in  tw o sizes, will cover a  big range 
of work. One, say, 4^ in . dia. x 3 in . deep, and 
ano ther in. inside dia. and  4 in . deep, w ith  a 
thickness of 3-16 in . to  5-16 in. ta p e r  m etal,

' allowing a lin ing  of in. sand a t  the  bottom  and 
w ith J in. a t  th e  top , and  for heav ie r work a very 
useful size is re c tan g u la r shape 8  in. x 5 in . x 
3J in. deep, w ith  a  m etal th ickness of a in . a t  th e  
top and -| in. a t  the  bottom , m ade up on a bush 
m aker to  leave a sand lin ing  of f  in . a t  th e  
bottom  and § in. a t  th e  top.

D ressing.
In  very few foundries does the  dresser receive 

any consideration in  th e  provision o f tools, 
generally  im provising his own from  any th ing  
likely lying around . The s tan d a rd  d resser’s 
ham m er is 1 J lb. (a f itte r’s is 1 ^ lb.), b u t i t  m ust 
be rem em bered th a t  w ith a lig h te r ham m er th e  
dresser does more th a n  double th e  strokes to  the  
m inu te  th a n  th e  fitte r and  m a in ta in s  th e  speed 
continually  th roughou t th e  day.



A dresser’s s tan d a rd  chisel may be hexagon or 
oval in shape, b u t  p referab ly  ' oval, 1 0  in. in 
length and I f  lb. w eight, hex H B across the flats 
and  the  oval |  in . x 1  in.

Cupola Practice.

The stan d a rd isa tio n  of cupolas and th e ir  equip
m ent is long overdue. T here is w aste of power

rtuc

F i g .  6 . — R u n n e r  P l u g .

due to high-pressure blast, small d iam eter supply 
pipes and small, badly-designed tuyeres, and ignor
ance in reg ard  to  volume of a ir  passing through  
the  cupola. Ample practical and laboratory  d a ta  is 
available to  dem onstrate to  the  least observant 
w hat a w asteful fac to r in castings production the  
average cupola is, and in th e  provision of blast 
p ip ing  capacity  i t  is obvious th a t  th e re  is n o t as

x  2
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much consideration  given to the  m a tte r  as by the 
average plum ber when providing ra in -w a te r pipes 
to house p roperty . A deep crucible, a sh o rt body 
and a. fan like somebody else’s is the  usual equip
ment. There is a g rea te r leakage tak in g  place in 
foundry work from careless cupola p rac tice  than  
in any o th e r d ep a rtm en t of foundry  work. I t  
would be alm ost an u tte r  im possibility for some 
foundries to  produce reliab le  castings however 
high g rade  the  m ateria ls  used, and th e  cupola and 
equipm ent may have been qu ite  an  expensive item  
and  supplied by firms whose nam e is a household 
word, as instance  th e  num ber of years d u rin g  
which innum erable cupolas have been equipped 
w ith a b last-pressure gauge, an  in s tru m en t which 
signifies no th ing  in regard  to  th e  essen tia l requ ire 
m ents for m elting, excep t to  denote th a t  th e  fan 
is still ru nn ing . Only by th e  use of a volume 
gauge is i t  possible to  control th e  s tan d a rd  of 
o u tp u t. F oundries w eighing coke and iron charges 
and  m easuring dep th  of bed before th e  first charge 
is p u t on and  w ith  p roper supervision of back- 
ten te rs , and a daily  record of iron and coke con
sum ption  or castings produced per ton  of m etal 
m elted a re  few and  fa r  betw een, and  a few 
rough te s t pieces cas t daily  and  observed fo r 
appearance of fra c tu re  would alone help to  s ta n 
dard ise  production . Some foundries carefully  
weigh th e  iron, b u t n o t th e  coke; o thers th e  ooke 
and neglect the  iron, w hilst still o thers only weigh 
th e  lim estone because th a t  is th e  capacity  of th e  
available scales. The au th o r is convinced th a t  a 
good m ateria l resu lt in  75 p er cen t, of B ritish  
foundries is the outcom e o f accident, and the  
comparisons of m etal m elted and  castings p ro
duced would disclose th e  excessive am ount of m etal 
w asted in heads and runners.

The Standard Foundry Crane.

The type  of electrical c rane in use in th e  
m achine shops when placed in  a  foundry  can only 
be described as a m akesh ift, and  is as m uch a 
foundry  tool as a m o rta r  g rin d e r is to  a sandm ill, 
and lacks m any desirable fe a tu re s  of th e  old hand 
jib  crane. A creeping g ea r is an essential fea tu re"  
to every  m otion of a foundry  crane, and  unless 
possessing th is  fea tu re , is a very  destruc tive  agen t 
and  a  co n stan t source of danger. The p revailing



613

ty p e  of crane in  foundry  use, functions by a series 
of jum ps and jerks a t  every operation , w ith  the  
resu lt th a t  reg iste r p ins are ben t, snugs broken, 
and  th e  tim e spen t in  m any foundries in  rep a irin g  
broken moulds th rough  bad lif ts  would alone pay 
fo r proper lif tin g  equipm ent in  a m a tte r  of 
m onths. A t casting  tim e  th e  am ount of scrap 
m ade about th e  floor th rough  th e  difficulty of 
crane m anipulation  and castings spoiled through 
runnerbox  displacem ent am ounts to  a considerable 
item  in  th e  course of a year.

Standardisation of Foundry Accessories and M aterials'

Lack of proper stan d ard isa tio n  in  foundry 
p rac tice  is m ost keenly fe lt by th e  foundrym an 
in  th e  supply of raw  m ateria ls  and accessories. 
There is very u rg en t need for a s tan d a rd  to  be 
established in  th e  properties of coal dust, black
ing, plum bago and  coregum.

Q uite a lo t of the  coal dust supplied is to ta lly  
unsu itab le  fo r the  purpose of m ixing w ith mould
ing  sand, and  in  m any  cases would be b e tte r  le ft 
out— irreg u la rity  of g ra in  size, am ount of ash 
and su lphur con ten t being some of th e  m any bad 
qualities. Plum bago is so highly ad u lte ra ted  and 
of so coarse a te x tu re  th a t  i t  ju s t defeats the  very 
purpose i t  is supposed to  fulfil, and  during  recent 
years i t  is no uncommon th in g  to  see th e  top  su r
face  of a  casting  gra ined  like a cloud, th e  resu lt 
of th e  plum bago having, washed from  th e  bottom  
surface and sides of th e  mould, while o rdinary  
b lacking is ju s t a mass of volatile  m a tte r  no t 
hav ing  even th e  p roperties of common soot. 
The au th o r has frequen tly  used coregum th a t , 
when m ixed w ith w ater, has im m ediately 
se ttled  in  th e  form  of sand, and whose glueing 
p roperties were useless. All th is  so rt of th in g  
causes ir reg u la rity  in  consum ption and introduces 
w aste no t only in  m aterials, b u t is a very fre 
quen t source of continuous w aster castings and 
serious w orry to  th e  user.

DISCUSSION.

C ast-Iron or M ild -S teel Gaggers.
The Branch-P resident, opening the discussion, 

said th e re  was room for standard isa tion , and he



was in  ag reem ent w ith  M r. Cooper on q u ite  a 
num ber of th e  points. W ith o u t w ishing to  em bark  
upon a course of destructive  critic ism , th e re  w ere 
one o r tw o po in ts he wished to  re fe r to . I n  th e  
first place, he had  had  a fa ir  experience of cast- 
iron gaggers, and was inclined to  d isagree w ith  
M r. Cooper’s con ten tion  th a t  they  w ere expen
sive. In  th e  case of a fair-sized  chill, for instance, 
anybody could p u t a sp are  drop of m eta l in  as 
they  w ere passing, in  th e  form  of a cast-iron  
gagger, and  th e  cost was p rac tica lly  n il. C ast- 
iron  hooks had  a  sh o rt life , due to  breakages, h u t 
they  all w ent back to  th e  cupola w ithou t serious 
loss. I f  common iron  or m ild steel w ere used for 
m aking  gaggers, th e re  was th e  cost of bending. 
C erta in ly  those gaggers had  a m uch longer life  
th a n  those m ade o f cas t iron , b u t, altogether* he 
believed th a t  on balance th e  cast-iron  gaggers 
would be th e  less expensive.

T esting M ould H ardness.
R efe rrin g  to  th e  in s tru m en t m entioned for te s t

ing  th e  density  of th e  mould face on th e  lines of 
th e  B rinell te s t, h e  said  he h ad  seen th e  in s tru 
m en t dem onstrated , and could n o t agree th a t  i t  
would be very  useful in  a  foundry . In  th e  first 
place, w ith  such an  in s tru m e n t one could n o t te s t  
th e  whole of an in tr ic a te  m ould. Obviously, th e  
purpose of th e  in s tru m en t was to  te s t  th e  h a rd 
ness of th e  m ould, w ith  a view to  p rev en tin g  scab
bing, b u t in  in tr ic a te  m oulds th e re  w ere bound 
to  be places which would easily  scab, and  which 
could n o t be te s ted  w ith  th e  in s tru m e n t m en
tioned, a lthough i t  could be used on square  or 
cylindrical moulds, b u t in  a well regu la ted  shop 
one would hard ly  expect to  see m uch scabbing in  
such moulds.

The O ver-m illing of Sand.
The B ranch -P residen t also disagreed w ith  th e  

au th o r’s rem arks as to  th e  effects of th e  over- 
m illing of sand. Some tim e  ago a  paper h ad  been 
read  before th e  London B ranch  by M ajor 
R hydderch, who was a p rom inen t m an so fa r  as 
th e  investiga tion  of sand  was concerned. H e 
him self had  asked on t h a t  occasion w hat was th e  
effect of over-m illing th e  sand in  a m ould, how fa r  
i t  reduced th e  g ra in  size and resu lted  in s ilt. The
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a u th o r of th e  paper had  replied  th a t  he had tested  
sand w hich had  been badly over-milled, and had 
been surprised  to  find th a t  th ere  was practically  
no reduction  in g ra in  size.

Standardising Ram m ers.
A nother po in t on which the  B ranch-P residen t 

differed w ith  M r. Cooper was th a t  of th e  s ta n 
dard isa tion  of ram m ers. I t  was his experience 
th a t ,  though  ram m ers m igh t be standard ised , no 
two men used those ram m ers alike, and th e  hum an 
elem ent was a ll-im portan t. A m an w ith a m edium 
sized ra mmer  would do ju s t  as much work, and 
probably more, th a n  a m an w ith a large ram m er. 
H e d id  n o t m ean th a t  he would perm it a m an to  
use a sm all ram m er w ith  no head a t  all, bu t he 
did n o t consider th a t  stan d ard isa tio n  of ram mers 
was essential, in  view of th e  g re a t ex ten t to  which 
th e  hiuman elem ent en tered  in to  the  m a tte r . One 
could ram  qu ite  well w ith th e  feet in some cases.

M oulding Boxes.
As to  m oulding boxes, and the  a u th o r’s recom

m endation for a thickness—he presum ed he m eant 
cast-iron  boxes—of 5-16 in ., up to  th e  size of 
20 in. x 12 in. x 4 in ., he  pointed  o u t th a t  th e  
hum an elem ent also en tered  in to  th a t  question, and 
he would be very dubious as to  th e  life of suoh 
boxes in  th e  foundry  to-day, particu la rly  if  they 
were p u t in to  th e  stove m any tim es. In  advocat
ing th e  use of a th icker box, he did n o t suggest 
th a t  i t  should be, say, 1 in. th ick , b u t 5-16 in. 
d id  appear to  be too  th in . I t  was a very difficult 
m a tte r  to  g e t w hat he called th e  old type  
of foundry  labourer on whom one could depend 
to  do his b it in  th e  best possible m anner. One 
had  to  p u t up w ith  qu ite  a m ixed assortm ent, due 
to  economic factors, and he would n o t care  to 
t r u s t  a few of them  to  handle boxes 5-16 in. thick. 
H e should th in k  th a t  a box of the  size m entioned 
should be a t  least ano ther \  in . th icker.

Mb. V. C. F aulkner th o u g h t th a t  th e  B ranch- 
P res id en t had  failed to  realise th a t  th e  lecturer 
had p u t forw ard th e  sta tem en ts in  his paper in  a 
te n ta tiv e  sp irit . H e did n o t th in k  the au thor 
wished to  be a rb itra ry , otherw ise he would not 
have adopted th e  ti t le  he had, and his in ten tion  
had been ra th e r  to  establish a basis for discussion,
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in which p a rticu la r he had succeeded. R eferring  
to  th e  m achine for reg is te ring  th e  density  of th e  
mould face, on th e  lines of th e  B rinell te s t, he 
said there  were two such m achines on the  E uropean  
m arket, one of which was capable of dealing  w ith 
more or less res tric ted  places.

Standardised Spindles.

H e did no t know w hether th e  m em bers were 
aw are of th e  fac t, b u t on th e  F ren ch  m ark e t th e re  
were stan d a rd ised  spindles, though  he had  never 
heard  of them  on th e  E nglish  m ark e t. One m ust 
bear in  m ind th a t  if some of these e lem entary  
th in g s could be standard ised , th ey  could be tu rn ed  
o u t on a  large scale by one foundry , and they  
would come in to  th e  m oulder’s hands a t  a price 
lower th a n  th a t  a t  which the  m oulder could m ake 
them  him self. Home-m ade artic les of th is  ty p e  
were d earer th an  those bought outside, when one 
considered th e  tim e  sp en t on  them  by th e  various 
forem en and  m anagers. F ou n d ry  people often  
showed him  w ith  pride th e  artic les they  had  m ade 
for them selves, b u t he had  often  wished th a t  he 
could get hold of the  t r u e  costs of those th ings. 
W hen speaking of blackings, th e  au th o r had sug
gested th a t  one m igh t ge t an increased su lphur 
con ten t in  th e  finished casting . I f  one m ade a 
m athem atica l calculation, however, he believed it  
would be found th a t  th e  su lphu r increase would 
n o t be w orth while w orrying about. B efore th e  
w ar he had w ritten  to  every m an u fac tu re r of 
g raph ites and blackings th a t  he could find, and 
had  analysed th e ir  products. Some of those 
products carried  as m uch as 50 p er cent, of ash, 
b u t since th a t  tim e he was pleased to  no te  real 
progress had  been m ade, b u t th e re  was room for 
s tandard isa tion .

Thin Boxes are R elatively Stronger.
W ith  regard  to  th e  B ran ch -P resid en t’s sugges

tion th a t  th e  m oulding boxes re fe rred  to  by M r. 
Cooper were too th in , he rem inded h im  th a t ,  in 
th e  o rd in a ry  way, th e  th in n e r th e  cast iron  th e  
stronger i t  became, and  increased w eight d id  no t 
always m ean increased s tren g th . In  th a n k in g  M r. 
Cooper for h is paper, he said  th a t  he him self, as 
a m eta llu rg ist, had  enjoyed i t  immensely.
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Wastage in  Caggers.
Mr . Cooper, replying to  the B ranch-President, 

said his experience of cast-iron gaggers was th a t  
one was always o u t of th e  size required. The 
gaggers became broken, th ey  were laid  about in 
the  sand and^constantly dug up, and the  life  for a 
lif te r  was about th ree  days. In  his opinion i t  
paid  to  use th e  best iron for m aking gaggers, and 
to  have a s tan d a rd  size for the  foot and a s tandard  
size for th e  top. Again, the  oast iron deterio rated  
very m uch, and if  i t  were th row n back in to  the  
cupola i t  could only be used for th e  roughest of 
work, as i t  was covered with sand, clay-wash and 
d ir t. One foundry he knew of, in which th ere  were 
e igh t jobbing moulders 011 th e  floor, used cast-iron 
gaggers, and every day tw o men were m aking 
gaggers from th e  tim e th e  cupola was s ta rte d  un til 
i t  was stopped. Those gaggers were considered of 
so li tt le  im portance, and so easily m ade, th a t  they 
did no t a tte m p t to  get them  out of th e  boxes, b u t 
sim ply chopped them  off and m ade fresh ones. He 
would no t say they  would not have lasted longer, 
however.

M ould H ardness Tester as Basis for Com parison.

D ifferent foundries used d ifferent sands, and 
each sand called for a d ifferent degree of 
hardness in  ram m ing. A m an s ta r tin g  in 
a fresh foundry  m ight po in t ou t th a t  they  were 1 
ram m ing too hard , or too soft, b u t if such a 
m achine were in use i t  could be dem onstrated  th a t  
a ce rta in  reg is tra tio n  was used th roughou t th a t  
foundry  for moulds of certa in  depths, and i t  would 
se ttle  th e  question a t once.

Sand M ills as Power W asters.
As to  th e  m illing  of sand, he asserted th a t  the 

sand could be destroyed, b u t wdiat he had in m ind 
was no t so much th e  destruction  of th e  sand, hu t 
the  p o in t th a t  th ere  was no necessity for driv ing 
big w eights of rollers round. Since he had -written 
the  paper he had  seen a catalogue, in which he 
had noticed th a t  the surface speeds varied from 
150 ft. up to  400 ft. for exactly  th e  same size of 
mill. The heavier the  Toller the  h igher th e  sur
face speed, in some instances, w hilst in  other cases 
as th e  roller became heav ier th e  surface speed
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decreased. I t  stow ed w hat a considerable am ount 
of horse-power was being used in  one in s tance  as 
com pared w ith  ano ther to  accomplish th e  sam e 
object.

H e d id  n o t agree th a t  everv m an  p re fe rred  h is 
own w eight of ram m er, b u t i t  was fa r  b e tte r  to  
have a s tan d ard , and to  use th e  same w eight always 
for a p a r tic u la r  class of work. H e agreed  w ith  th e  
B ranch -P residen t t h a t  one could ram  w ith  th e  feet, 
b u t when ram m ing  w ith  th e  fee t one had  a bigger 
su rface  co n tac t th a n  when using  a ram m er, and 
one d id  n o t ram  so h a rd  w ith  th e  feet. As to  th e  
thickness of m oulding boxes, he h ad  seen boxes 
-j- in. th ick  which had  been used fo r tw en ty  years, 
and were s till being  used. They were used by the  
old Brook’s Sew ing M achine Com pany. W ith  such 
a ligh t box one could g e t fa r  m ore w ork done. The 
boxes he had  re fe rred  to  were never p u t  in to  th e  
stove.

M e . J .  E l l i s  ^ P a s t-P re s id e n t of th e  In s titu te ) , 
w hilst agreeing  as to  th e  undoubted  im portance  
of s tan d ard isa tio n , and th a n k in g  M r. Cooper for 
his paper, w ith  m uch of which he agreed, was dis
appoin ted  th a t  n o th in g  h ad  been sa id  abou t th e  
s tan d a rd isa tio n  of th e  m oulder, because very  much 
th a t  was in  th e  paper was of no use u n ti l  th e  
m oulder was standard ised . As M r. Cooper had 
said, one m an could ram  a la rge  bed p la te  qu ite  
well w ith  a shovel hand le  and a fla t ram m er, b u t 
ano ther m an w ith  th e  sam e tack le , assum ing th a t  
to  be th e  s tan d ard , would m ake a w aster. S ta n 
dard isa tion  of th e  m oulder, however, was im pos
sible. The quality  of th e  m eta l used had  a g rea t 
b earing  on th e  thickness of m oulding boxes. W ith  
some m etal one could m ake boxes 1-1 in . th ick , 
and th ey  would n o t s tan d  up  to  th e  work. R ecently  
he had  seen the  stays of boxes 14 f t . long, 8  in. 
deep and  1  in. th ick , and th ey  had  been used for 
m any years, h u t were m ade of th e  verv  best cold 
b la s t iron. S peaking of gaggers, he sa id  th a t  cast- 
iron hooks had an advantage. E or instance, they  
were fa r  m ore rig id  th a n  in  w rought iron , b u t th e  
expense was g rea ter.

M oulding B ox P ins.
The m oulding box p in  question was a very  vexed 

one. Some tw en ty  years ago i t  was discussed, and 
all sorts of argum ents w ere used. Some w anted
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square  p ins, some ellip tical, o thers w anted co tter 
holes, o thers w anted screw pins. W hilst some 
sa id  th a t  th e  clamp was th e  best to  hold the  
mould down o thers p re fe rred  w eights. The 
hum an  elem ent en tered  in to  th e  question very 
largely, b u t he believed th a t  th e  very best 
m ethod  to-day, especially fo r rep e titio n  work, 
was a  standard ised  hole in  both top  and 
bottom , and  a m aste r p in . Perhaps one o r two 
dozen pins would suffice for th e  needs of a 
foundry . The p ins and  holes were th e  sam e size, 
th e re  were no lap jo in ts , and  th ere  was no danger 
of th e  p ins g e ttin g  knocked, w orn and  broken. 
W ith  reg ard  to  skim m ing w ith  a piece of tub ing , 
th a t  could be extrem ely dangerous, and  he had 
seen th e  m eta l sho t r ig h t th rough  th e  tu b e  and 
o u t th e  o ther end. H e liked th e  sketch of th e  
ru n n e r  p lug  in  P ig . 6 , because th e  o rd in ary  type  
sometimes caused a  g re a t splash, and  o ften  some
body got burned . There were some th in g s which 
could n o t be standard ised , because of th e  hum an 
elem ent, b u t th e re  were m any which could be 
standard ised , and  th e  mem bers of th e  B ranch 
would come to  th e  conclusion th a t  those m atters 
were well w orth  considering.

Standardisation  and Costing.

Mb. H . 0 .  Slater (P a s t B ranch-P residen t) said 
he believed th e  day  had  arrived  when even the  
employers were really  in te res tin g  them selves, not 
only in  th e  p roduc t of th e  foundry , b u t in  th e  
troubles connected w ith  th e  design of tack le  in 
th e  foundry—and q u ite  r ig h tly  too. In  m any 
eng ineering  concerns th e  equipm ent and  design of 
th e  m achine shops, p a tte rn  shops, and so on, were 
m ore th a n  adequate, b u t th e  foundry  was poked 
away in  th e  m ost m iserable corner of th e  whole 
concern. To-day, however, th ey  were beginning 
to feel th e  necessity for proper production  to  meet 
th e  -needs of th e  m achine shops, and in th a t  was 
largely  bound up  th e  question of cost. Some years 
ago th e  In s titu te  had tack led  th e  question of costs 
in  th e  foundry , and th e  propaganda which had  
been carried  on in  th a t  connection had  had  a 
g rea t effect upon th e  tfad e . I n  th e  p as t th e  
foundry  h ad  been regarded as alm ost a nectssarv  
evil. They had  been asked to  quote for castings
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per pound, and  th e  em ployer, som etim es lacking 
th e  essential knowledge of costs in  a foundry , had  
n o t know n exactly  w h a t a p a rtic u la r  casting  would 
cost him . H e would quote for an  in tr ic a te  casting  
a t  th e  sam e price  as for a  s tra ig h tfo rw a rd  and  
easier job, and  la te r  th e  forem an would be blam ed 
because costs were h igh. Costs and  s tan d a rd isa 
tio n  of equ ipm en t were largely bound up one w ith  
th e  o ther. I n  a  foundry  which he h ad  v is ited  he 
had  noticed cupolas th e  w orkm anship in  which 
was of th e  best th a t  could have been p u t in to  th e  
m ateria l, b u t th e  design, from  a  prac tica l 
foundrym an’s p o in t of view, was positively  rid icu 
lous, and m anifested  th e  danger of em ploying any
body o ther th a n  a foundrym an to  design th e  m ost 
essen tial d e ta il of th e  foundry . The foundry  
forem an was very often  blam ed for defective work, 
whereas i t  was due en tire ly  to  th e  bad  design of 
th e  tools supplied  by o ther people fo r his use. 
Speaking of gaggers of cas t iron, he sa id  t h a t  an 
a rran g em en t consisting  of a p la te  w ith  two lugs a t 
opposite corners and th e  tru n n io n  in  th e  cen tre , 
was very  useful. I t  had  e lim ina ted  a good deal 
of troub le  d u rin g  th e  w ar, and  he had  always had  
a good supply of hooks. H e agreed th a t  in  a deep 
cod cast-iron  gaggers were fa r  superio r to  w rought 
iron, and in  th e  case of steel work he very much 
favoured cast iron.

Jobbing Foundries Can Pay.

M r. h .  Tibbenham said th a t  th e  s tan d ard isa tio n  
of th e  m oulder was hard ly  possible, b u t w ith  th e  
presen t m oulding m achines th e  founder did get 
s tan d a rd  m oulds and  s tan d a rd  castings. A few 
days ago he had  been concerned w ith  th e  m aking  
of two castings, one to  fit inside th e  o ther, w ith 
ou t any m achin ing  w hatever. They had  been 
m ade from  a p la te  p a tte rn , and they  cam e to g e th e r 
very well. W ith o u t th in k in g  an y th in g  about it , he 
had p u t th e  p la te  on th e  m oulding m achine. 
Several hundreds of these castings w ere being 
m ade, and  when th ey  were fitted  to g e th e r i t  was 
found  th a t  th ey  were very slack. T h a t was a  very 
serious th in g , b u t if they  had  used th e  m oulding 
m achine from  th e  beg inn ing  they  would have had  
a s tan d a rd  casting . M r. Cooper had  ra th e r  
frigh tened  him when he had m entioned all th e
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troubles th a t  he had  seen in  th e  foundry, and he 
him self, as an employer, would he very em bar
rassed if  he saw all those th ings happening  in  his 
own foundry . I t  would n o t be possible to  allow 
such th in g s to  go on in  a  jobbing foundrv . H e 
had to  quote com petitive prices, and  if  he had  no 
system  of costing, as M r. S la te r appeared  to  th in k  
was th e  case, he would no t make any profits, hut, 
as a m a tte r  of fac t, he d id  m ake profits as a job
bing founder.

D ifficulties of Standardisation Stressed.

Mb. M. E . G a lb o x  (P ast-P residen t of th e  New
castle B ranch of th e  In s titu te )  said th e re  could 
be no h a rd  and fa s t ru le  w ith  regard  to  the  den
sity  of sand, and, no m a tte r  w hat in strum ents 
were used, one m an would m ake a  mould harder 
th an  another. There was a peculiar touch which 
had  to  be acquired in dealing w ith sand, and  it  
was only acquired by long experience, and if the  
m an who was ram m ing, w hether he used a large 
o r a small ram m er, d id  no t und ers tan d  his job, 
th e re  would be trouble  sooner o r la te r. There was 
a good deal of unnecessary m illing of sand, and 
he had cas t jobs w eighing up to  24 cwts. in  green 
sand, which had  n o t been in to  th e  mill a t  all, bu t 
was ju s t m ixed up by shovel. Speaking of the  
s tan d a rd isa tio n  of th e  cen tra l p in  in  th e  socket, 
he said  th a t  every foundry  standard ised  in its own 
way to  su it its requirem ents, and no h a rd  and fast 
ru le  could be la id  down. In  his own foundry they  
had probably half a  dozen o r m ore centres, which 
could be used fo r any job, and they  all fitted  a cer
ta in  size of p in , 2 J  in ., 2  in . o r I f  in ., as th e  case 
m ight be. Xo m a tte r  how fa r  s tandard isa tion  was 
carried , th e  same resu lt could not be obtained 
every tim e  in  a foundry , because of th e  hum an 
elem ent.

Can the Skilled  M oulder be Replaced ?
l he Brax'CH-Presidext, discussing the  s tan d a rd i

sation  of th e  m oulder, said  the  fact m ust not be 
lost s igh t of th a t  d is tinc t efforts were being made 
in th a t  direction  to-day, and a uniform  system 
was being worked in th e  south-east of E ngland for 
th e  tr a in in g  o f appren tices to  a definite s tandard . 
O ne recognised, of course, th a t  the  psvchology of
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th e  m oulder, and the  hum an elem ent as i t  was 
generally  understood, could n o t be standard ised . 
So fa r  as he could see, those concerned were t r a in 
ing a fa ir  num ber of men fo r executive positions, 
bu t he was inclined to  agree w ith M r. S la te r th a t ,  
if th e re  should be a tr a d e  boom, as we all hoped, 
there  would be a  deficiency of skilled men in  th e  
foundries. The s tan d a rd isa tio n  o f costing 
methods had its d isadvantages as well as its advan
tages, and  th e re  was a  d an g er of excessive 
s tan d ard isa tio n . H e had  had  experience of foun
dries, in which i t  had  been th e  custom  to  ascer
ta in  th e  costs to  w ith in  fo u r po in ts of a penny 
per lb. of castings, and, because of t h a t  detailed  
costing, th e  foundry  was n o t allowed to  have 
m oulding boxes and o ther tackle, w hereas, if those 
concerned had  n o t been so fully aw are of th e  cost 
involved, they  would have provided for good tackle.

A M odern C onception of Industrial Needs.
Mb . J .  W. Gabdom po in ted  o u t th a t  if  th e re  

was no costing  a t  a ll in  foundries, however crude 
i t  m igh t be, th e re  would be no foundries. I t  was 
no t necessary to  go in to  m in u te  details in  foundry 
costing, and i t  was probable th a t  th e  foundry  
m anagem ent did n o t know th e  exact oost of ce r
ta in  sm all jobs, because i t  was n o t w orth  while 
going in to  it, b u t they  knew th e  costs of th e  
b igger jobs they  tu rn ed  o u t. W ith  reg ard  to  th e  
tra in in g  of m oulders, he was of op in ion  th a t  th e  
question was being discussed from  th e  wrong p o in t 
of view. I t  was advisable to  grow w ith  th e  tim es. 
To illu s tra te  his po in t, he said  th a t  a t  one tim e  
Messrs. Lucas produced th e  best oil lam p fo r 
bicycles. I f  th a t  firm had  decided to  m ake n o th 
ing b u t oil lam ps, and  to  tr a in  men to  m ake those 
lamps, they  would n o t be in  business to-day. If  
we could no t produce sufficient skilled m oulders, o r 
could no t in te re s t sufficient men to  become skilled 
moulders, was i t  n o t b e tte r  to  face th e  fac t, and 
tr a in  men who did know som ething abou t th e  way 
the job should be done, so th a t  when th e  boom 
came—and i t  was coming fa s t—th e ir  services could 
be augm ented w ith  those of unskilled  m en, whom 
they  could tr a in  for th e  w ork? T he sam e th in g  
had happened in  th e  Army, w here th e  men who 
had  enlisted d u ring  the  w ar w ere tra in ed  by th e  
N .C .O .’s.
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Standardised Tackle Augm ents National Foundry  
Wealth.

Mr . V. C. F aulkner said th a t , generally speak
ing, he had been disappointed  w ith  th e  discussion, 
because i t  had been so destructive. Speakers had 
said th a t  we could n o t do th is  and could n o t do 
th a t , and had draw n a tten tio n  to  the  hum an ele
m ent. b u t M r. Gardom, in  exhorting  foundrym en 
to  see w hat they  could do under p resen t condi
tions, had guided the  discussion in to  th e  r ig h t 
lines. B u t for th e  fac t th a t  th e  A nnual C onfer
ence was to  be held in  London, and th e  London 
B ranch was very busy, a com m ittee m ight usefully 
have been set up to  deal w ith standard isa tion . 
I f  th a t  com m ittee did n o t agree w ith th e  ram m er 
suggested by M r. Cooper, le t them  suggest an 
a lte rn a tiv e , o r have th ree  s tan d a rd  ram m ers if 
such could cover the  ground. The same rem arks 
applied to  boxes. A lthough th e re  were a large 
num ber of types of cast-iron boxes in use, he 
believed i t  was possible to  produce a thoroughly 
good design which w'ould cover th e  m ajor require
m ents of th e  trad e . There could be a stan d ard  
draw ing, and  from  i t  a s tan d ard  box would be 
bought on th e  open m arke t a t  a s tan d a rd  price, 
whereas a t  p resen t, if one w ent to  a foundry sale, 
one could n o t buy boxes, because they  were not 
su itab le  for one’s work. There was a g rea t deal, 
therefore , in w hat M r. Cooper had said.

N ecessity of Skilled  M en Em phasised.
Mr . H . O. Slater disagreed w ith th e  idea which 

Mr. Gardom had propounded w ith regard  to  the 
tra in in g  of th e  m oulder. W hat he himself w anted 
to  po in t ou t was the necessity for having available 
really  tra in ed  p rac tica l foundrym en, who could 
tak e  over th e  m anagem ent of the  foundry, on th e  
p rac tica l side and th e  comm ercial side. He him 
self had  been tra in e d  as a soldier in a fo rtn igh t, 
b u t one could n o t tr a in  a  m oulder in a  fo rtn igh t. 
I t  was necessary to  have thoroughly tra in ed  men 
available, so th a t  they  could be employed a t  the 
r ig h t tim e, because if they  were not available, 
na tio n a l w ealth  was lost.

Cardinal Points Sought.
Mr . Gardom said Mr. Slater had missed the 

point th a t what the foundry had to do was to  sell



castings and m ake a profit. I t  did  n o t m a tte r  
w hether the m an who made those castings was a 
really  tra in ed  m an, o r w hether he was an unskilled 
m an under the  supervision of the  technical m an. 
M r. S la te r would say th a t  th e  only fac to r in  the  
m aking of a casting  was th e  m oulder, b u t as a 
fac t he was only a  p a r t  of it.

Mr . Suater said he was the most essential part.
Mr . Gardom disagreed, and said th a t the iron 

was the most im portant factor. (Laughter.)
P oints C leared Up.

The :BRAnch-PTiKsInExT was inclined to  th in k  
th a t  both M r. S la te r and M r. Gallon had missed 
Mr. G ardom ’s po in t. All th a t  M r. Gardom was 
suggesting was th a t ,  if we could n o t get skilled 
men, we should a d ap t ourselves to  th e  circum 
stances, and get over th e  difficulty by using 
m achines, and in o th e r ways. These difficulties 
had had to  be overcome before. W hilst he agreed 
as to  th e  necessity for skilled m en, he w anted  to 
p o in t o u t—it  was n o t a conclusion arrived  a t  on 
the  sp u r of th e  mom ent, b u t as th e  re su lt of his 
experience over a period of years—th a t  to-day, in 
sp ite  of the  slump in trad e , th e re  w ere more skilled 
men emplo3’ed in th e  foundries th a n  th e re  were 
25 years ago, although th a t  period had  seen th e  
in troduction  of machines, and th e  various economic 
difficulties th a t  had arisen had had to  be over
come. The dem and for skilled men could n o t be 
reduced w ith th e  in troduction  of b e tte r  methods 
of p roduction , because, w ith th e  m arbh of p ro
gress, th e re  arose a dem and for o ther th ings which 
necessita ted the  em ploym ent of skilled men, and 
the ir num ber would increase ra th e r  th a n  decrease.

Box P ins.
Mr . Cooper, replying to  Mr. T ibbenham , said 

th a t , necessarily, all th e  fau lts  he had  re fe rred  to  
did no t occur in  the  one foundry, b u t in a num ber 
of d ifferent foundries. H e had no doubt, how
ever, th a t  if Mr. Tibbenham  had several sizes of 
m oulding boxes in opera tion  in his foundry , 2  ft. 
sq., 1  f t . sq., and  so on, they  all required  d ifferen t 
sizes of pins. I t  would no t lie unusual to  find th a t  
s ta te  of affairs in a foundry . T here was no doubt 
th a t  th e  use of loose pins, as suggested by M r, 
Ellis, was the  best system  of all,
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Tn reply to M r. Gallon, lie said he had not sug
gested th a t  gaggers should be cu t o u t altogether, 
b u t th a t  th e  founder should have a s tandard , and 
use e ith e r all cast-iron  o r all w rought-iron gaggers. 
The question of w hether or n o t a mould was hard  
enough was always a debatable point, b u t if the 
in s tru m en t for recording sand face hardness were 
used—and i t  would be adopted—it  would do away 
w ith all th e  discussion and argum ent which now 
took place. H e agreed w ith  Mr. G allon’s rem arks 
as to  the  m illing of green sand. F or the  g rea te r 
p a r t  of his ea rly  life in th e  foundry  he had been 
concerned w ith green sand work for both heavy 
and lig h t castings, and th e  sand was no t milled 
because i t  did no t need it. I t  was in its  n a tu ra l 
s ta te  as regards te x tu re  and g ra in  size, and only 
requ ired  m illing when used for bench work.

Splitting U p the M oulder’s Trade.

On the  controversial sub ject of th e  s tandard isa 
tion of moulders, his idea would be to  tr a in  ram 
mers, finishers and  closers in all foundries. There 
was no th ing  new in  th a t  princip le. As the engi
neering  tra d e  had developed the  workers had sp lit 
up in to  fitters, m illers, drillers, and so on. The 
glass bottle  tra d e  had  been sp lit up years ago. The 
foundry tr a d e  would have to  come to  th a t, and 
th e re  were m en in the foundries a t  p resen t who 
did no th ing  b u t finish and close. W hen he had 
spoken of th e  tra in in g  of th e  m oulders and the 
stan d ard isa tio n  of th e  ram m ers, th e  idea he had 
had a t  th e  back of his m ind was th a t  th e  wage 
ea rn e r to-day was no t tak in g  any in te rest in the 
business ; i t  was no t his life-work, in the  sense 
th a t  i t  was in  earlie r tim es, b u t was merely a 
means of earn ing  a  living. No m an to-day made 
it  his life ’s work, as did the  craftsm an of earlier 
days, who was no t con ten t to finish a t  5.30 p.m. 
The sam e rem arks applied to  the  employer. There 
were very few men like H enry  Ford, and th e  em
ployer looked forw ard to  finishing his work and 
leaving himself free for his golf, his evenings out, 
and  so on. A fter all, th a t  was qu ite  n a tu ra l.

Mr . R. J .  Shaw, proposing a vote of thanks to 
M r. Cooper for his paper, said th a t  he had not 
discussed th e  paper because in his own foundry 
75 per cent, of the suggestions m ade by Mr. Cooper
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were carried  ou t. A question which had n o t been 
m entioned, however, was th a t  of th e  sp littin g  of 
boxes a t  the  corners. H eavy boxes, when th ey  had 
been used about tw ice, sp lit a t th e  corners, and  it  
was difficult to  p a tch  them  up  sufficiently s trong  
to  be qu ite  safe, b u t he th o u g h t th e  m ethod in d i
cated  by th e  lec tu re r an excellent way of g e ttin g  
over th e  con trac tion  s tra in s  which caused th e  frac 
tu re . H e understood th a t  w hat was done was to 
core a slot o u t of th e  corner fo rm ing  a  flange on 
th e  inside of th e  side of th e  box, and  afte rw ards 
fill th e  slo t w ith  packing and  bolt th e  side flange 
and  th e  end of th e  box up. H e him self p u t a 
round  core in  th e  boxes, b u t he had  known heavy 
boxes, w ith  a g re a t m any bars in  th e  to p  p a r t ,  
and which one could n o t p rev en t cracking.

Mr . J .  W. D unn, who seconded, po in ted  o u t th a t  
s tan d ard isa tio n  was very difficult in  a  jobbing 
foundry , where in one day one had  to  cast a 
hydrau lic  cylinder, a few m achinery  castings, th en  
fire-bars and buffer p la tes, and  finally bed blocks. 
In  such a foundry , ru n n in g  20 tons of m etal a 
day, w ith  in s truc tions from  th e  m anagem ent th a t  
nobody was to  be in  th e  shop a f te r  5 o’clock, 
s tan d a rd isa tio n  was difficult.

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

Mr . Cooper, responding, said th a t  m any people 
had n o t even th o u g h t about m any of th e  th in g s 
referred  to  in  th e  paper, and  m uch could be done 
in th e  d irection  of s tan d a rd isa tio n . O ne could no t 
have s tandard isa tion , however, unless one was p re
pared  to  pay for it . In  his view th e re  was more 
room for stan d ard isa tio n  in  th e  jobbing foundry  
th an  in any  o ther, because i t  was th e  lack of 
s tan d ard isa tio n  in th e  jobbing foundry  which was 
responsible fo r th e  rid iculous prices quoted to-dav. 
There was no system  in  such foundries, and  the  
purpose of his paper was to  u rge  th e  tra d e  to  get 
down to  some stan d ard  system  of w orking.
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RECURRING FOUNDRY PR O BLE M S.

B y D . Wilkinson, M em ber.
The a r t  of founding has been described as 

m aking a bole in  sand and  filling i t  w ith  molten 
m etal. For brevity , th is  definition has much to  
commend i t  ; and  if its accuracy were commensu
ra te  w ith  its brevity , the  t i t le  of th is P ap e r would 
never have arisen.

The object of the founder is to  produce a m etal 
artic le  of a p redeterm ined  shape which shall be 
of a un iform  composition and  solidity. H is diffi
cu lties  and  problems arise from  th e  h igh tem pera
tu re s  a t  which he has to  m anipu la te  th e  m etal he 
uses. In  p reparing  th e  m etal, tran sfe rrin g  i t  to  
th e  m ould, and  cooling i t  to  th e  norm al tem pera
tu re , m any conditions arise  which m ilita te  against 
un ifo rm ity  of com position and  so lid ity ; and to  
control these conditions adequately  requires a care 
and fo re though t th a t  can only be realised by daily 
contac t w ith  them .

I t  may be well to  commence by defining the 
qualities requ ired  in  th e  castings produoed. I t  
is desired to  produce castings which shall be u n i
form  in composition and solidity. By a  casting 
of uniform  solid ity  is m ean t one which is definitely 
free from  in terna] voids. To define uniform  com
position is n o t qu ite  so easy. I t  can  hardly  be 
said th a t  every  p a r t  of a casting  shall consist of 
th e  sam e m ateria l, since cast iron  is made up of 
constituen ts  which vary  widely in th e ir  compo
sition  and  properties. So i t  may be said  th a t  
every p a r t  of the casting  should consist of th e  
sam e proportions of the  various constituen ts which 
make up the  cast iron in  use.

I t  is qu ite  safe to  say  th a t  w ith th e  p resen t 
foundry  and m etallurg ical knowledge i t  is no t pos
sible to  tak e  a p a tte rn , and from i t  to  produce 
one hundred castings which shall be identical in 
every respect. I f  anyone th inks differently, le t
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him t r y  the  experim ent, and a t th e  end he will be 
a w iser m an. The conditions of success a re  so 
elusive th a t , despite th e  closest control, v a ria 
tions will slip in. N ot all th e  va ria tio n s th a t  
occur destroy th e  u ti li ty  of a c a s tin g ; h u t we 
are  all too well acquain ted  w ith  undesired  resu lts  
th a t  p rev en t a casting  fulfilling th e  purpose for 
which i t  was made.

W hen v a ria tio n s arising  from  carelessness or 
from  w an t of sk ill arise  th e  rem edy is obvious and 
needs no discussion. B u t when defects of th is  
class a re  completely e lim inated , th e re  rem ains an 
irreg u la r p roportion  of v a ria tio n s  which consti
tu te  a problem tax in g  th e  h ighest skill and know
ledge. The p resen t P ap e r is a co n trib u tio n  to  
the  study  of th is problem.

I t  will be noticed th e  word v a ria tio n  is used 
ra th e r  th a n  defect. The reason fo r th is  is th a t  
any d ep a rtu re  from  a com plete un ifo rm ity  is to  
be avoided as fa r  as possible. The aim  of th e  
founder should be to  secure a p roduct which can 
be re lied  upon to  fu nc tion  in  an  en tire ly  sa tis 
facto ry  m anner. I t  should n o t be considered 
sufficient to  produce a casting  w hich is ju s t suffi
c iently  good fo r its  purpose. I t  is desir
able to  produce castings which will function , no t 
up to  th e ir  own lim iting  s tren g th , b u t up to  the  
lim iting  s tren g th  of th e  m a te ria l from  which they  
are m ade. As foundry  c raftsm ansh ip , m eta l
lu rg ical knowledge and designiftg ab ility  develop, 
so will th e  re liab ility  of castings increase, and 
foundrym en m ust always keep before them  th e  
ideal of reproducing  in  th e ir  w ork all th e  best 
qualities of th e  m ateria l th ey  use. Only along 
th is line can real advance be m ade.

As i t  is an open question w here foundry  troubles, 
and the  resu lting  problems, really  commence, we 
will begin by considering th e  pouring  of the  m etal 
in to  th e  mould. I t  is n o t proposed to  ta k e  account 
of evils a rising  from th e  en tra in m en t of a ir , carrv- 
ing  of slag in to  th e  casting , ‘o r th e  p a r t ia l b reak 
ing of th e  mould by th e  w eight of the  iron, as 
these th ings can readily  be p reven ted . B u t when 
good iron  is p roperly  cas t in to  a  sound mould, 
actions 'a n d  reactions occur which a re  n o t yet 
fully u nder th e  control of the  founder.



T ypical Reactions.
In  a green sand mould th ere  is always a cer

ta in  am ount of surface erosion due to  th e  heat 
and  m otion of th e  molten iron. I f  the  mould is 
carefu lly  m ade, the  am oun t of m ateria l abraded 
as a fine dust may be sm all, b u t i t  will certain ly  
be p resen t. As th e  surface of th e  mould is dried 
by th e  molten m etal, th e  generated  steam  is decom
posed by th e  iron, form ing hydrogen gas and m ag
netic  oxide of iron.

4H 20  +  3F e =  F e / ) ,  +  4H 3.
The gas burns a t  th e  jo in ts and ven ts of the 
mould, b u t th e  oxide rem ains behind in  th e  m etal. 
As th e  oxide is ca rried  up by th e  iron th ere  is the  
possibility of fu r th e r  reaction  betw een i t  and 
silicon and carbide of iron, form ing in th e  one 
case silica o r ferrous silicate and in th e  o ther 
carbon dioxide, or probably a  m ix tu re  of oxides 
of carbon.

Si2 + Fe.,0 , =  2 S i0 2 + 3Fe.
The reaction  will m ost probably go fu r th e r  and  
ferrous silicate  will be fo rm ed :—-

a S i2 +  3F e30 4 =  4 F e S i0 3 + 5Fe.
Occasionally, ferrous silicate formed in th is 

m anner may be m istaken for slag carried  by the  
m etal from  th e  ladle.

Tn a small mould these reactions may be so 
lim ited  th a t  th ey  can be ignored w ith  s a fe ty ; but 
th e ir  effect in  a medium or heavy casting  may be 
a tten d ed  w ith  serious results . As these ligh ter 
bodies float on th e  rising  surface of th e  iron they  
agglom erate in to  large masses which, by design or 
by good fo rtune , may be carried  in to  th e  risers ; 
or they  m ay adhere to  th e  side of th e  mould, o r be 
caugh t under a core o r a pro jection  of th e  mould, 
o r come to  rest in some eddy of th e  liquid m etal 
and be covered and  rem ain  h idden as th e  mould 
fills.

F la t  upper surfaces of heavy castings frequently  
show traces of th is  scum or scoria. Irreg u la ritie s  
in  th e  skin of the  upper surface a re  seen ; and if 
these p a rts  are  m achined, patches of so-called 
“  d ir t  ” are  revealed, which even when they are  
no t d irectly  harm ful, de trac t from the  appearance 
of th e  casting.
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Trouble« from  Scum  Inclusions.
M ost foundry men a re  able to  recall some large 

and expensive casting  which, when tak en  from  th e  
mould, appeared  to  be p e r f e c t; so m uch so th a t  
i t  was a p leasure to  look over i t ; b u t which upon 
m achining was found to  con tain  in  some unex
pected place a p a tch  o r mass of scoria which com
pletely ru in ed  it . In  th e  w rite r’s opinion qu ite  a 
num ber of defects which have been ascribed to 
liqu id  con trac tion  o r to  gas action , would be 
found, upon carefu l ex am ina tion , to  be due to  
th is  cause.

T here is no difficulty in  observing th e  form ation 
of th is  scoria o r scum. M ost open sand  castings 
will provide very good exam ples. In  eng inee ring  
establishm ents use is frequen tly  m ade of b a rs  of 
cast iron  of various d iam eters. The w rite r  has 
regularly  been called upon to  supply these artic les 
in  all d iam eters up to  e ig h t o r ten  inches. The 
la rg er sizes are usually  cast in  g reen  sand , w ith  a 
bottom  ru n n e r , cu t tan g en tia lly . The rise r used 
is abou t 75 per cen t, of th e  d iam eter of th e  bar 
and  abou t 25 per cent, of its  dep th . Invariab lv , 
as these bars a re  cast, a  mass of scum  m ay be 
seen to  form  in th e  cen tre  of th e  w hirling  m etal, 
finally coming up th e  rise r r ig h t o u t of th e  cast
ing. I t  would be cheaper to  m ake these  bars w ith  
an  open top  and p ou r th e  m eta l d irec tly  in to  
th e m ; and when th is  is done, a  b a r  m ay fre 
quently  be m ade which shows no trace  o f scum on 
its surface. B u t m etal cu t from  these bars some
tim es has expensive m achin ing  opera tions done 
upon i t ; and i t  is the  w rite r’s experience th a t  a 
b a r cast w ith  a bottom  ta n g e n tia l ru n n e r , an d  a 
rise r th a t  will allow th e  scum to  be floated r ig h t 
o u t of the  casting , yields an  a rtic le  w hich gives 
g re a te r  sa tisfac tion  to  th e  m ach in is t an d  reduces 
troub le to  a  m inim um .

To remove these scoria-form ing m ate ria ls  from  
th e  casting , o r to  p rev en t th e ir  agglom eration  in to  
masses of serious dim ensions is som etim es very 
difficult. As in  th e  bars ju s t instanced , i t  m ay be 
possible by a definite a rran g em en t of ru n n ers  and 
risers to  li f t  or wash o u t of th e  casting  e ith e r th e  
whole or a po rtion  of th e  scoria. Or, again , it  
may be possible to a rran g e  the  gates so th a t  th e  
scoria m ay be broken up  and  its  collection in to  
dangerous masses o r places prevented .
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B ut i t  is hardly  possible, in  a casting  of more 
th a n  a small size, en tire ly  to  p reven t its  form a
tion . As a las t reso rt i t  may be necessary to 1 dry 
th e  mould to  m inim ise th e  tro u b le ; as in a well- 
blacked and thoroughly-dried mould th e  abrasion 
of th e  mould by th e  m etal, and th e  reactions 
between th e  m etal and  steam  and its products will 
he reduced to  a m inim um.

W hen th e  mould is filled w ith m etal, o ther agen
cies begin th e ir  work. Again, all defects a ris ing  
from  irreg u la r ram m ing, im perfect venting , o r 
over-dam p sand, are  om itted , as these are  easily 
preventib le, and should no t occur.

B low -hole D efects.

On m achining th e  upper surface of a casting  
one sometimes finds a num ber of small rounded 
holes which are  qu ite  smooth and which seem to  
have resu lted  from  bubbles of gas in the m etal. 
F requen tly  traces of scoria a re  in term ingled  with 
these bubble-holes. Badly-m elted, oxidised m etal 
is a prolific source of th is  tro u b le ; h u t cases fre 
quently  occur in which th is  exp lanation  does not 
sa tisfy  a  though tfu l founder, anxious to  a rrive  a t 
a correct understand ing  of the  cause of the  defect. 
W hen a  num ber of castings a re  poured from  one 
ladle, and some are  found to  contain  th is  defect 
while o thers are  free from it, to  look for the  cause 
in the  cupola p rac tice  does n o t seem qu ite  the  
proper action to  tak e .

Su lphur is frequently  selected as the c u lp r i t ; 
h u t th is  exp lana tion  can hard ly  be considered 
satisfac to ry . W ell-made m alleable castings may 
con ta in  up to  0.4 p er cent, of su lphur and yet be 
qu ite  sound and free from  th is  d e fe c t; so i t  is 
difficult to  see how, say, 0.15 per cent, su lphur 
should cause i t  when 0.4 p e r cent, does not. More
over, no reaction  betw een ferrous or m anganese 
sulphides and th e  usual constituen ts  of m olten iron 
can he conceived which will lib e ra te  a gas as one 
of its  products.

E n tra in ed -a ir  may be one of the  causes. I f  the 
ru n n e r bush is allowed to  em p ty  itself when th e  
mould is nearly  filled, i t  is qu ite  possible the  injec
to r action of th e  m etal fa lling  down th e  p a rtia lly  
uncovered gate  m ay draw  in a q u an tity  of a ir. 
some of which will be re ta in ed  unless the m etal 
is fluid enough to allow i t  to  escape.



B ut there  is no doubt in the w rite r’s m ind th a t  
the  reaction between the  oxide of iron form ed d u r
ing  casting  and carbide of iron p resen t is th e  usual 
cause of th is  trouble. I t  is difficult to  see how 
th is  reaction  and consequent libera tion  of gas can 
be avoided in any casting  of medium w eight which 
takes more th an  a few seconds to  pour. The gases 
burn ing  a t  th e  ven ts is com plete evidence of the  
fo rm ation  of oxide in  th e  castipg  v and  th e  
secondary reducing reaction  can hard ly  be p re 
vented. I t  is safe to  assume th a t  w hen th e  mould 
is filled w ith m etal, any fu r th e r  oxide form ed will 
rem ain  in contac t w ith  th e  mould and will n o t 
en te r in to  th e  casting . Oxide already  in  th e  m etal, 
if reduced by carbide of iron will lib e ra te  oxides 
of carbon, which will rise th rough  th e  m olten 
m etal. P rovided the  m etal is ho t enough to p re 
ven t th e  im m ediate fo rm ation  of a sk in  w here i t  
lies ag a in s t th e  top  of th e  mould, these gases will 
escape and all will be well. B u t if th e  m etal h ap 
pens to  be cool, a skin m ay form  before th e  re 
action is completed, and then  th e  gases will be re 
ta in ed  im m ediately  under th e  surface of th e  cast
ing to  be exposed on m achining.

Im portance of M agnetic O xide Reaction.

I t  is on account of th e  fo rm ation  w ith in  th e  
mould of m agnetic  oxide of iron  (F e ,0 ,)  and its 
subsequent reduction , p a rtia lly  by carbide of iron 
w ith the  liberation  of oxides of carbon, th a t  the  
foundry  axiom of pouring  ho t to  secure a clean 
casting  has arisen. W ith  hot m etal, th e  secondary 
reaction  is completed before the  skin  of th e  cast
ing  is frozen aga in s t th e  mould and so th e  gas 
bubbles escape. Also, w ith a highly heated  iron, 
although  more oxide m ay be in itia lly  form ed, its 
reduction  will be more com plete; and  its  complete 
rem oval and th e  escape of the resu lting  gases yields 
a sounder casting .

I t  will be noticed th a t  th e  defects a ris ing  from  
these reactions are  sim ilar to  th e  defects arising  
from  m etal oxidised d u ring  m elting . This m etal 
will con ta in  ferrous oxide, F eO ; and  its  reaction  
w ith carbide of iron will yield gaseous oxides of 
carbon exactly  as th e  Fe.,0, does. B u t th e  two 
causes a re  quite d is tin c t; and i t  is certa in ly  unwise 
no t to  d ifferen tia te  betw een th e  causes, even if 
jbhe results a re  iden tical.



633

A fter the  mould has been successfully filled w ith 
clean, hot iron, some of the  more recondite foun
d ry  troubles begin. I t  is no t an easy m a tte r cor
rectly  to  visualise th e  behaviour of cast iron d u r
ing solidification. C onsidering th e  varie ty  of cast
ings m ade in th e  -average foundry, th e  v a ri
ables in troduced in to  th e  problem of solidification 
approach infinity . B u t ce rta in  broad principles 
a re  recognisable, and if these can be grasped and 
th e  variab les grouped around them , th e  problem 
will be simplified.

Solid ification  Voids.

In te re s tin g  though the  sub ject is, i t  is not p ro
posed in th is P ap er to  deal w ith th e  m etallo
g raphy  of cooling cast iron, b u t space will be 
occupied in considering th e  foundry, ra th e r  than  
th e  laboratory , aspect of th e  m a tte r . The form a
tion  of voids in  the  m etal du ring  solidification, is 
the  chief concern.

In te rn a l voids, o r cavities, which are  no t due to 
mould or core disturbances, a re  usually called 
“ draws ” by most founders, and are  considered 
due to  contraction . A  d istinction  is frequently  
draw n between liquid and solid con traction . While 
it  is convenient to  assume th is d istinction , i t  does 
not ind icate  a difference. The action is the  sam e ; 
b u t in th e  one case i t  concerns m olten, and in the 
o ther frozen m etal. Of recen t years the action of 
occluded and dissolved gases in  th e  form ation  of 
in te rn a l cavities has been s tu d ie d ; and  much evi
dence of the  action of these gases has been 
adduced. The opinion seems to  be gain ing  ground 
th a t  they  a re  responsible for most, if no t all, th e  
in te rn a l cavities n o t due to  cores or moulds.

I t  has for some tim e  been th e  w rite r’s opinion 
th a t  the effect of occluded and dissolved gases in 
cast iron has been considerably over-rated . If , in 
p roperlv  m elted m etal, occluded and dissolved 
gases can give rise  to  serious defects, i t  would 
appear impossible to  make sound castings from 
cupola m etal. I t  is som etimes said th a t  perfectly  
sound castings do not e x is t; bu t the  w riter cannot 
agree to  th is. Castings are  made in large numbers 
which are  so th in  in section, so extensively 
m achined and so carefully tested , th a t  i t  is impos
sible any in te rna l unsoundness should escape detec
tion . I t  is not claim ed th a t  100 per cent, of the
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castings m ade a re  perfectly  sound ; b u t i t  is defi
n ite ly  s ta ted  th a t  th e  m achining, te s tin g , and in 
spection to  which m any types o f castings a re  sub
jected , is so extensive and  severe, th a t  those which 
survive and go in to  service can be g u a ran teed  free 
from  in te rn a l unsoundness.

If , th en , i t  is possible to produce castings free 
from  in te rn a l unsoundness, the  action  of gases in  
properly  m elted cast iron  m ust e ith e r be negligible 
o r very easily controlled. W hich of these a lte r
natives is correct?

O ccluded Gas U nim portant.

Occluded gases as a  d ire c t cause o f cav ities m ay 
be dismissed. An occluded gas is one which is dis
solved by a  m etal on m elting  and  re ta in ed  on 
solidification. I f  th e  defin ition  is correct, th is  p a r t  
of the  question se ttles itself. The m eta l con tains 
th e  gases when m olten ; b u t i t  also con ta in s them  
when solid. They m ay be ex trac ted  from  th e  cold 
m etal in  considerable volum e by su itab le  t r e a t 
m en t; b u t they  are  n o t libera ted  by solidification.

A m etal, however, may hold gases in  solution 
while m olten and e jec t them  upon cooling. I f  a 
sm all piece of silver is m elted, w ithdraw n from  
the fu rnace  and  allowed to  cool in  a ir , as th e  su r
face solidifies th e  gases dissolved in  th e  m eta l will 
b reak  th rough  th e  skin , ca rry in g  a  po rtion  of th e  
still liquid  in te rio r w ith them . U sually th is  ejected 
m etal adheres to  th e  bu tto n  of silver ; b u t some
tim es th e  evolution of gas is so v io lent th a t  a  po r
tion  of silver will be th row n  some li t t le  distance*

N othing like th is  ever occurs d u ring  th e  solidifi
cation of good cas t iron when poured  in to  a  good 
mould. The w rite r has fed, and w atched th e  feed
ing, of so m any castings th a t  he can categorically  
s ta te  th a t  well-melted cast iron  does n o t norm ally 
e jec t gases upon solidification. I f  th e re  is any 
gas ebullition  from  a feeder, a rise r or a ru n n er, 
i t  can  invariab ly  be traced  to  cause o ther th an  th e  
m e ta l.

An easy experim en t will prove th is , if proof be 
needed. L et a clean, tho roughly-heated  shank  be 
taken , filled w ith  m olten  iron and  se t down to  
cool. The closest observation  will no t perceive 
any libera tion  of gas d u rin g  th e  whole tim e of 
freezing.



The cavity-form ing action of gases in itia lly  
p resen t in th e  iron is secondary, no t p rim ary ; and 
if th e  p rim ary  actions are  prevented  secondary 
gas action  cannot occur. The action of occluded 
gases is n o t negligible, b u t is easily controlled. 
The p rim ary  cause of cooling voids is inefficient 
feeding d u rin g  contraction .

Solid ification  Action Analysed.

Consider th e  solidification of tw o p lain  cas t
ings: one an open sand p late, 2 f t . sq. and 1 in. 
th ick , and  th e  o ther a block 2 ft . cube. I t  is 
common knowledge th a t  th e  p la te  will con trac t 
m uch m ore th a n  th e  cube. The reason for th e  
reduced con traction  in  th e  cube is also common 
knowledge. Assuming th e  larger casting  loses h ea t 
uniform ly, th ere  will be a tim e  in its solidification 
when a skin  some inches in thickness will enclose 
a  still liquid  in te rio r. This liquid in te rio r will 
eviden tly  e x e rt a  trem endous opposition to  th e  
con trac tion  of th e  skin, and th is  opposition will be 
reinforced by th e  expansion which occurs as th e  
m etal stead ily  freezes. The opposition of these 
forces hav ing  p revented  the  norm al con traction  of 
th e  skin  o f th e  casting , i t  is ev iden t th a t  as th e  
liquid in te rio r freezes and is reduced in  volume 
the  skin will no t be able to  follow i t  u p , and so 
a void or voids will inev itab ly  occur. As these 
voids form o u t of con tac t w ith th e  atm osphere, a 
vacuum  would ex is t in  them  were i t  no t th a t  
occluded gases a re  libera ted  under the  influence 
of h e a t and  reduced pressure. So th a t  as th e  
voids form  th ey  are  filled w ith  gases liberated  
from  occlusion in  th e  solidified skin o r solution 
in th e  liquid in te rio r.

I t  has been assumed th a t  th e  cube of iron 
m easuring 2  f t . each way has been cooling 
uniform ly on each surface, h u t i t  is known th a t  
in a casting  of th is  size cooling cannot be uniform . 
The p late , 1 in. th ick , will be still liquid in the  
m iddle when th e  corners and edges are  frozen, 
and  when these have cooled to  a black h e a t the  
m iddle will s till re ta in  its redness. There will be 
a som ew hat sim ilar w an t of un ifo rm ity  in  the  
cooling of th e  cube. The edges and corners will 
cool more rap id ly  th a n  th e  sides, and ow ing to  
th e  upw ard flow of h ea t the  top will cool more
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slowly th a n  th e  sides. I f  th e  mould is filled w ith 
uniform ly  h ea ted  m eta l—th a t  is, so filled t h a t  no 
“ h o t spots ”  a re  form ed, and  no rise r is p ro
vided—one will inev itab ly  find a  la rg e  depression 
on th e  u pper su rface  sloping down to  an  in te rn a l 
cav ity . The con trac tion  voids will have been 
p a rtly  filled up by m olten m eta l from  th e  m iddle 
of th e  top surface.

I f  th e  m eta l is poured  th rough  a single large 
side-runner, s til l w ithou t p rov id ing  a r ise r, th e  
resu ltin g  cav ity  will ta k e  a d ifferen t form . The 
passage of th e  whole of th e  m etal over one p a r t  
of th e  m ould will su p e rh ea t th a t  p a r t ,  and  th is 
superheat, added to  th e  ac tua l h e a t of th e  m eta l 
in th e  heavy ru n n er, will form  a “  h o t spo t ”  th a t  
will ta k e  p a r t  in  the  feeding of th e  con trac tion  
void. I t  m ay probably be found th a t  th e  top  of 
th e  casting  is fla t and  ap p aren tly  so lid ; b u t th e re  
w ill be an  in te rn a l cav ity  d irec tly  com m unicating  
w ith  th e  gate. The co n trac tion  void will have 
been p a rtia lly  filled up w ith  m etal from  th e  “  h o t 
sp o t.”

In  each case i t  is probable th a t  d u rin g  th e  
fo rm ation  and  p a rtia l feed ing  of th e  voids 
reduced pressures w ill have lib era ted  gases from 
th e  m etal, and these gases m ay have le ft traces 
of th e ir  passages o u t of the  casting . B u t th e  p o in t 
to  be borne in  m ind is th a t  i t  is n o t th e  gases th a t  
have m ade th e  void, b u t th e  void th a t  has libera ted  
th e  gases.

A gain, if the  casting  is poured in  such a m anner 
th a t  th e  fo rm ation  of a “ h o t spo t ”  is preven ted , 
it  is provided w ith  an efficient feeding head, and 
the  con traction  is followed up w ith  an  adequate  
supply of ho t m etal. I f  th is  is done no a rgum en t 
is needed to  prove th a t  a sound casting , free  from  
con traction  voids, will be secured. M oreover, 
du rin g  th e  whole period of solidification, th e re  will 
not have occurred th e  sligh test evidence of gas 
e jec tm en t from  th e  m etal. T he difference in 
te x tu re  between th e  m iddle and  th e  ou tside of 
castings of th is n a tu re  is n o t concerned w ith  th e  
form ation  of cooling voids, b u t w ith  g ra in  grow th 
and  g rap h ite  form ation .

Hot Spots.
The te rm  “ h o t spo t ”  has been m entioned as 

bearing  upon th e  question of so lid ity . By a “  ho t 
spo t ” is m ean t a p a r t  of a casting  w hich does



n o t cool a t  th e  same ra te  as the  adjoin ing  parts. 
This re ta rd ed  cooling may be due to  several causes. 
W here a  la rge  q u a n tity  of m etal flows over one 
place, as in a single gate  on a large casting, the 
h ea tin g  of the sand m ay re ta rd  the cooling of the  
m eta l and form  a h o t spot. By dividing up the  
g ate , o r by locating  i t  on a th in  p a r t  of th e  cast
ing, th e  e x tra  h ea t given up  to th e  sand  can 
usually be dissipated before th e  casting  solidifies. 
F requen tly , especially in castings of medium 
w eight and vary ing  section, ho t spots are  found 
to  develop n o t so m uch by th e  flow of m etal as 
by obstructed  rad ia tio n  during  solidification.

Before p u tt in g  a p a tte rn  in to  work i t  is a good 
th ing  to  consider how th e  flow of m etal in the
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mould will affect its  cooling and which p a rts  are 
likely to  re ta in  th e  h ea t longest, since these 
p arts  will give most trouble. The draw ing of 
isotherm al lines will g reatly  assist in se ttlin g  the  
re la tive  speeds of solidification, b u t th e  accurate 
d raw ing of these lines on any b u t the  sim plest 
forms of casting  is a m a tte r  of some li tt le  diffi
culty. I t  is much easier to  draw  rad ia tio n  lines. 
These lines will show w ith ce rta in ty  the  re la tive  
speed of solidification, and much inform ation can 
often  be obtained from  them .

Take th e  end elevation  of an ord inary  angle 
p la te  (F ig . 1) as an easy example, and draw  short 
lines a t  r ig h t angles to  its surfaces. W herever 
these lines are open, cooling will be rap id . W here 
they  cross, cooling will be re tarded  and the  m etal 
will rem ain  liquid for a longer period th a n  in  the  
o ther p a rts  of th e  easting . I t  will be noticed they 
cross a t  th e  re -e n tra n t angle on the  underside of
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th e  angle p late , and here, re ta rd ed  cooling will 
form  a h o t spo t as the  casting  solidifies. These 
lines m ay be considered to  rep resen t th e  paths 
along which h ea t will he rad ia ted  from  th e  
casting.

D raw ing rad ia tio n  lines of th is  ch a rac te r and 
from  them  locating  h o t spots n o t due to  g a te  
action, has provided for th e  w rite r  an  adequate  
exp lana tion  of a ty p e  of draw hole fo r which, for 
a long tim e, he could n o t sa tisfac to rily  account. 
In  sm all- and medium-sized castings of ir reg u la r

shape one som etim es finds draw holes ru n n in g  
upw ard  in to  th e  heavier p a rts . The p o in t in  ques
tio n  was why a draw hole should form  ag a in s t th e  
force of g rav ity . I t  is easy to  u n d ers tan d  th a t  
m etal m ay feed dow nwards from  a ho t spot, or 
riser, in to  a con trac tion  void, b u t i t  is n o t so 
easy to  unders tand  why a draw hole should form 
upw ards in to  th e  casting . The angle-p late  ju s t 
m entioned will sometimes provide cavities of th is  
n a tu re  in th e  re -e n tra n t angle.

The question arose w ith  th e  w rite r d u rin g  th e  
early  days of h is appren ticesh ip . A considerable 
num ber of castings w eighing abou t 1 0  lbs. each 
w ere on o rder, and  th e  t r ia l  castings all con
ta in ed  a draw hole on th e  lower side of a flange. 
The p a r t  of th e  casting  afiected is shown in  th e
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sketches (F ig . 2). The defect was easily removed
by increasing  th e  fillets in  the  angles and a ltering  
the shape and  location of th e  gate . B u t the  ques
tio n  why th e  void should form  against g rav ity  
rem ained, and  occasionally cropped up again  w ith 
o ther castings, and  i t  was some years before an 
exp lana tion  was arrived  a t  th a t  satisfied every 
po in t.

T he defect u n d er consideration  could no t be 
due to  a badly-vented core, since i t  did  no t com
m unicate  w ith  th e  cored ho le ; and  m any  o ther 
instances were no ted  in  castings which were no t 
cored. Blowing from  th e  mould did n o t satisfy  
the objection  th a t  th e  hole was evidently formed 
when th e  casting  was on th e  po in t of complete 
solidification, as o therw ise i t  would have gone 
r ig h t th rough  to  th e  top . I f  the  hole was formed 
by mould gases when th e  casting  was alm ost solid, 
w hat had become of th e  m etal which originally  
filled th e  hole? T h a t defects of th is  character are 
form ed while th e  m eta l is freezing is proved by 
th e  presence of dendrites, o r fir-tree crystallites, 
which can usually be found in  th e ir  in te rio r.

D iagnosis by Isotherm al Lines.
W hile s tudy ing  th e  cooling of masses of m etal 

i t  occurred to  th e  w rite r  to  draw  h e a t rad ia tion  
lines from  th e  surfaces of th e  masses being 
stud ied , to  assist in  d raw ing isotherm al lines of 
correct contour. A fterw ards applying these lines 
to  a casting  in  which a drawhole sim ilar to  th e  
one u nder discussion had  occurred, showed th a t  
th ree  sets of rad ia tio n  lines m et in  the  angle. 
E v idently  th e re  would be considerable in terference 
w ith th e  rad ia tio n  of h e a t du rin g  cooling, and a 
h o t spo t would be form ed as th e  m etal began to  
solidify. A li t t le  fu r th e r  th o u g h t provided a 
solution which completely satisfied every objection. 
The m etal in  th e  casting  u nder exam ination , as 
was also th e  case in  th e  casting  shown in  F ig . 2, 
was a common phosphoric iron  w ith  a ra th e r 
lengthy freezing range. W ith o u t doubt, a con
trac tio n  void had  form ed in  th e  top  flange near 
th e  h o t spot, and  in to  th e  vacuum  th u s  made 
occluded gases h ad  been libera ted . The h igh tem 
p e ra tu re  a t  which these gases existed had given 
them  considerable pressure, and they  were able to  
force th e ir  way downward th rough  th e  semi-molten
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m etal in th e  h o t spot, d riv ing  th e  still m olten 
portion  behind them  in to  the  void, where i t  so lid i
fied, while they  escaped in to  the  mould. In  th is  
way a  “  draw  hole ”  is form ed ag a in s t th e  force 
of g rav ity .

In  defects of th is  ch arac te r i t  is no t a case of 
mould gases blowing in to  th e  m eta l, b u t of 
occluded gases, liberated  in to  a co n trac tion  void, 
blowing th rough  the  sem i-m olten m etal of a hot 
spo t in to  th e  mould.

H ot spots form ed by re ta rd ed  cooling d u rin g  
solidification are  som etimes p a rtly  responsible for 
a very d ifferent form  of defect. An exam ple will 
assist us in form ing an opinion. The sectional 
sketch of a monobloc shows a fa u lt which i t  is

th o u g h t is n o t en tire ly  unknow n to  m akers of these 
castings.

A sectional casting  (Fig. 3) co n ta in in g  th is  fa u lt 
was here exh ib ited . The defect which varies in 
ex ten t in d ifferen t castings occurs about half-w av 
down th e  barre l n ear th e  junc tion  of th e  w ate r 
jacke t. A t tim es i t  is revealed  as a d is tin c t 
hole a f te r  m achining. O ccasionally i t  form s a 
slightly  porous place which leaks u nder w ate r rest. 
Som etim es th e  casting  m ay pass th e  w a te r te s t 
w ithout a trace  of a leak, b u t exam ina tion  under 
a s trong  ligh t shows a small discoloured p a tch  on 
th e  m achined surface. The sectioned casting  did 
not leak when w ater-tested , b u t th e  discoloration 
was visible when i t  was exam ined under an electric  
light.

I t  is th e  w rite r’s experience th a t  th is  defect, 
however sligh t i t  may be, always leads to  the
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im m ediate re jection  of th e  casting, and the inspec
tion  staff seems to  be very well acquainted  with 
the  place a t  which i t  occurs.

The defect has been ascribed to  blowing from 
th e  core, due to  im perfect venting . I t  has also 
been ascribed to  segregation resu lting  from  th e  
increased section a t  th e  junction  of th e  jacke t and 
barrel. These explanations never satisfied th e  
w riter, as th ey  d id  no t account for th e  fac t th a t  
when th e  defect was sligh t i t  always occurred 
below th e  th ickest p a r t  of th e  junction  and imme
d ia te ly  below th e  top  of th e  jacke t. I t  would 
appear th a t  if th e  defect were due to  segregation 
it  should be located in th e  th icker section instead 
of below it. I f  due to  blowing from  th e  core, 
again i t  would appear th e  defect should show in 
the  th icker section, or even in  th e  jacke t itself.

Segregation as Cause Discounted.

Once more the  draw ing of rad ia tio n  lines led 
the way to a solution which satisfied th e  objections 
to previous reasons. E xam ination  of the  rad ia 
tion  lines shows th a t  in  the  u pper th in  p a r t of 
th e  ja ck e t core they  converge and  cross to  an 
e x te n t th a t  indicates th e  form ation of a hot spot 
as th e  casting  solidifies. I t  will also be seen th a t  
th is ho t spot will be located, not where the  jacke t 
jo ins th e  barrel, but im m ediately below it, exactly 
where th e  defect occurs. E vidently  th e re  is a  con
nection between th e  defect and  th e  h o t spot.

G ran ting  the  existence of a hot spot, where the  
m etal will rem ain  sem i-liquid for a few moments 
a fte r  th e  ad jo in ing  p a rts  have solidified, why 
should i t  be defective? A careful exam ination  
brings th e  conviction th a t  segregation is no t the 
cause. Even when th e  defect is so sligh t th a t  no 
leak will occur, the  action  of gas can  hard ly  be 
dou b ted ; and when the defect is large enough to 
show up  clearly, th e  passage of gas is obvious. 
W hy should th e  core—-which is an  oil-sand one— 
give off gas in to  the  m etal when th e  tem pera tu re  
had fallen so much th a t th e  g rea te r p a r t  of the  
casting  had solidified, if it  d id  n o t do th is  while 
all th e  m etal was molten and a t  a h igher tem 
p e ra tu re?  I t  is quite ev iden t the  defect d id  not 
form  u n ti l th e  jack e t and its junction  w ith the 
barre l were solid, as these p a rts  a re  qu ite  so u n d ;
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and had they  been still liquid the  gas would have 
passed in to  them .

The m ain ven t of th e  ja ck e t core passes w ith in  
about 1 \  in. of th is  defect; and  as th e  m ain  ven t 
in a  core of th is  descrip tion  is usually  m ade as 
large as possible, i t  is n o t en tire ly  a  question of
venting . I t  can  be seen th a t  i t  is ra th e r
difficult thoroughly  to  evaporate  an d  oxidise 
the  b inder in  th e  th ick e r sections of th e
core w ithou t b u rn ing  th e  th in n e r  sections; and
if the  oxidation  is no t complete, in every  p a r t ,  th e  
hea tin g  up of th e  core by th e  m eta l on casting  
will give rise  to  an excessive in te rn a l gas pressure 
as th e  o x ida tion  of th e  b inder is com pleted. I t  
will also be seen th e  p ressure w ill n o t be g rea te s t 
im m ediately on casting , b u t w ill increase a s  th e  
h ea t p en e tra te s  in to  th e  th ick er sections where 
th e  b inder is still p a rtia lly  unoxidised. As the 
casting  solidifies, th e  fe rro s ta tic  pressure on the  
hot spot will be red u ced ; and  if th e  pressu re  a t  
th is  p o in t fa lls below the  pressure of gas in  th e  
body of th e  core, th en  gases, in  add ition  to  pass
ing o u t of th e  vent, will also pass in to  th e  p a r t 
of th e  m eta l which is s till liquid.

This, th e  w rite r  considers, is th e  exp lana tion  of 
the defect under co n sid e ra tio n ; and i t  suggests its 
own rem edy; a thorough  ox idation  of th e  b inder 
used in th e  core.

A ho t spot, we m ay safely  conclude, is always 
a p o ten tia l source of tro u b le ; and so should be 
carefu lly  wratched. I t  is no t always easy to  locate 
these po in ts and to  p rev en t them  g iv ing  rise  to  
defects, b u t a few general princip les may assist in 
m inim ising th e ir  effects.

The gate  should be located as fa r  away as pos
sible from  any place where re ta rd ed  rad ia tio n  can 
occur. Gas pressures should always be prevented  
in these places. The grade of sand and  th e  ram 
m ing o f th e  mould should b e carefu lly  w a tch ed ; 
rem em bering th a t  th e  denser th e  mould th e  more 
difficult it  will be for h ea t to  rad ia te .

C hills Suggested as Rem edy.
An a lte ra tion  to  th e  con tour of th e  p a tte rn , 

where possible, will! o ften  rem ove th e  difficulty: 
no t m erely covering it, b u t cu rin g  i t  completely. 
Thorough ven ting  frequen tly  provides a  rem edy. 
In  th is  case th e  ven ting  serves a  double purpose.



N ot only does i t  relieve gas pressure, b u t i t  pro
vides an  easier p a th  along which hea t can rad ia te . 
Take th e  case of the  angle p la te  m entioned above. 
(F ig. 1.) I f  a  slot could be m ade th ro u g h  th e  
bottom  of th e  mould to  w ith in  a q u a rte r  of an 
inch of th e  re -e n tra n t angle, i t  is ev ident th e  
cooling of th is  p a r t  would be hastened  considerably. 
In  a m inor degree, ven ting  on  to  a hot spot acts 
in th e  sam e way as a slot. F a ilin g  o ther mea
sures, a chill, or densener, will provide an effective 
rem edy.

Needless to  say  no claim  is m ade th a t  foundry 
problems have been dealt w ith in  an  exhaustive 
m anner. The subject is  already vast in  e x te n t ; 
and a s  research opens up  new fields i t  continually  
extends. B ut i t  was considered b e tte r to  confine 
th e  scope of th e  P a p e r and handle a few of the  
problems a t  some li t t le  length  ra th e r  th a n  dis
cursively touch upon m any. Foundry  practice  is 
filled w ith  problems of th e  deepest in te re s t: and 
when th e  w orrying side of these problems can  be 
overcome, th o u g h t expended on th e ir  solution is 
ab undan tly  repa id  by th e  sa tisfaction  th a t  accrues 
from a  consciousness of work well done.

DISCUSSION.
M r. F . H. H u r r e n , re fe rrin g  to  cooling, asked 

Mr. W ilkinson if he had  ever had a sim ilar experi
ence to  th e  following. ■* You cast,”  said Mr. 
H urren , “ say  a dozen or eighteen  castings of a 
p a rticu la r p a tte rn  on a day. They are all 
machine-m oulded, th e  cores, as fa r  as one can tell 
are  m ade by sim ilar methods, the  eoring-up is 
sim ilar so fa r  as hum anly possible, th e  tem pera
tu re  o f th e  m etal which is poured in to  th e  mould 
is th e  same, and  yet one is porous and th e  o thers 
are  a ll sound. The porosity is no t in th e  ord inary  
n a tu re  of a d raw ; i t  is simply a patch  of black 
and  spongy m etal which will no t s tan d  up to  the  
w ater te s t .”

M r. J .  Y. Murray th anked  M r. W ilkinson for 
his p rac tica l P ap er, and  said th a t  although he did 
n o t qu ite  agree w ith some of his conclusions a 
strong  case had  been m ade o u t which m ight prove 
to  be correct. M r. W ilkinson had  gone a  long 
way tow ards proving th e  connection betw een the 
defect and th e  h o t spot. I t  was his (the speaker’s)
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opinion th a t  as th e  m etal froze i t  pushed ce rta in  
im purities tow ards th e  cen tre . A lthough M r. 
W ilkinson ru led  o u t segregation  th e re  was no 
doubt i t  was occurring  between th e  crystals.

The Chairman (M r. A. H arley ) sa id  th e
P ap e r il lu s tra te d  th e  fa c t th a t  foundryanen 
nowadays had  to  exercise very m in u te  obser
vation  of defects and scientific theo ries had
to  be found to  account fo r them . The m ore
num erous such papers were, and  th e  m ore
in fo rm ation  was available, th e  m ore ce rta in  
they  were to  a rriv e  a t  th e  rea l cause of defects. 
If  th e  constitu tion  of cast iron were simplified 
they  would avoid m ost of the  troubles in cooling 
down, as well as co n trac tion  difficulties an d  draws. 
W hen th ey  considered th e  s tru c tu re  of cas t iron  
and its  m any constituen ts, all w ith  d ifferen t m elt
ing points, i t  was easy to  und ers tan d  why they  
experienced so m any difficulties w ith  castings. 
W ith  reg ard  to  phosphorus i t  was th e  p re t ty  
general p ractice  to  keep th e  phosphorus very  low. 
By keeping down th e  phosphorus in  cylinders they  
practically  e lim inated  all troubles from  draw s 
occurring  th rough  inequalities of section.

Mr . W ilkinson , in  rep ly ing  to  th e  discussion, 
sa id  he would be th e  la s t m an  in  th e  w orld to  say 
th a t  sand did n o t cause defects, because he knew 
to  his sorrow th a t  i t  did. B u t in th e  case m en
tioned in th e  P ap e r he did no t th in k  i t  was so. I t  
was no t th e  case of th e  gas flowing up to  th e  spot 
exactly, because th e  pressure was even th ro u g h o u t 
the whole body except in th e  im m ediate v icin ity  
of th e  vents. H e was glad to  know th a t  on th e  
whole his hearers th o u g h t th e  theories he had 
advanced were tenable.

On the m otion of M r . H urren , seconded by the  
Chairman, a h ea rty  vote of th an k s was accorded 
to  M r. W ilkinson.

M r. D. H . W ood, in proposing a  vote of th an k s  
to  the  C hairm an for presid ing , expressed re g re t 
th a t  th e re  were n o t more B irm ingham  members 
present and also th a t  C oventry was n o t b e tte r  
represented .

Mr . Lane seconded the  m otion, which was 
endorsed by th e  m eeting.
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LIFTING AND SHIFTING APPLIANCES IN 
FOUNDRIES.

By H. H . M oore, M em ber.
The wise m an, long ago, said , “ W here there is 

no vision the 'people perish ,” and th is  wisdom 
applies to  th e  foundry industry  as well as to  more 
general forms of activ ity , so, in p lanning  new 
foundries, or m aking changes in old ones, le t us 
look ahead, and see where economies can he 
effected and production  increased. Of course, th e  
old p la n t in some of our foundries works, b u t it  
is slow and inefficient; i t  ea ts up th e  cost of itself 
year a fte r  year, because somebody will no t see the  
losses or will n o t have th e  courage to  consign it 
to the scrap heap.

I t  has been s ta ted  in  recently  published reports 
by prom inent foundry engineers in the U nited 
S ta tes of America th a t  in one autom obile foundry 
some 69 tons of m ateria l are moved once for each 
to n  of castings produced. In  ano ther automobile 
foundry  55 tons of m ate ria l and equipm ent are 
moved to  each ton  of finished castings—and th a t  
in a ba th -tub  foundry  137 tons of m ateria l are 
handled  for each ton  of castings produced. A 
large jobbing foundry in  the  U .S.A ., i t  is sta ted , 
handles 200  tons of m ateria l for each ton  of 
castings th a t  get to  the despatch departm ent.

T he F oundry Trade J ournal of Ja n u a ry  22, 
1925, in a leader on the  same subject, en titled  
“ W here Can th e  M axim um  Economy in F oundry 
P rac tice  be Effected? ”  m entions “  th a t  the  m anu
fac tu re  of one to n  of grey iron castings involves 
hand ling  168 tons of m ateria l, and th a t  probably 
in a m alleable ironfoundry  th is  figure would reach 
well over 200  to n s ,”  and i t  is righ tly  suggested th a t 
“  th e  efficient and economical hand ling  of these 
m ateria ls offers a very profitable field of investi
gation  for every foundrym an .”
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A very in te res tin g  analysis covering the  
hand ling  of castings in a brass foundry , given in 
th e  form  of a P ap e r p resen ted  to  th e  A m erican 
Foundrym en’s A ssociation by M r. T. C. F lin n , 
was published in  The F oundry Trade J ournal of 
October 27, 1925, and is well w orth  carefu l perusal, 
as i t  shows th a t  in  a  brass foundry  hav ing  a  to ta l 
oiutput of some 2,500 lbs. of castings per day , 152 
tons of m a te ria l a re  handled  to  produce 1  to n  of 
castings.

. T here appears to  be a  considerable discrepancy 
in  th e  figures m entioned, b u t, again , M r. J .  M. 
P rim rose, o f F a lk irk , a valued m em ber of the 
In s titu te , read ing  a  P a p e r f  some tim e  la s t year 
on “  The Conveyance of M ateria l in  th e  F ound ry  ” 
(w ith special reference to  the  p roduction  of ligh t 
castings), s ta te d  th a t  in  a ligh t castings foundry  
m elting  30 tons per day th e  m a te ria l handled  is, 
in round figures, 255 tons, m ade up of : —5 tons 
coke; 30 tons p ig  and  s c ra p ; 10 tons new milled 
facing  s a n d ; 30 tons of m olten  m e ta l ; abou t 10 
tons gates and runners, and 2 0  tons of castings.

And allowing 1 to n  of sand  per m oulder (which 
he says is u n d ers ta ted ), say  some 70 tons of sand , 
handled  tw ice, th e  to ta l s ta te d  is reached. M r. 
Prim rose says “  e lim in a te  some of th e  tim e  it* 
hand ling  p a rts  of th is  bulk, and  a rise  in  th e  
o u tp u t of castings should soon be observed ; the  
work done by th e  unskilled  m an  in  th is  foundry  
(if th e re  is such a person) m eans 105 tons, com
prising  coke, p ig-iron and scrap, m illed sand, 
m olten m etal, gates and  castings, and  i t  should 
no t be difficult to  inven t some system  which will 
a t  least m ateria lly  reduce th e  non-productive 
labour.”

The whole sub ject w a rran ts  carefu l a tten tio n  
and  serious consideration, for while some foundries 
m  th is  country  are  well equipped fo r th e  hand ling  
of m ateria ls, y e t th e  m a jo rity  have ye t m uch to  
do in  th e  way of necessary labour saving, speeding 
up , and cost c u ttin g  appliances.

F o r any opera tion  in  han d lin g  of m ate ria ls  
several m ethods of perform ance are  su re  to  be 
found, and one will be found b e tte r  th a n  ano ther 
for ce rta in  reasons, and less desirable for ce rta in  
o ther reasons. A t th is p o in t th en  th e  m ind m ust

f  F o u n d r y  T r a d e  . J o u r n a l ,  February 26, 1925, p ageJlSS .



consider o ther th in g s th a n  th e  operation  itself, 
such as its re la tion  to  previous and  subsequent 
operations, and its  su itab ility  for th e  p a rticu la r 
requ irem ents of th e  work, its  period of usefulness, 
and  so on, and , w hat is very im portan t, th e  
financial re tu rn  on th e  investm ent.

The tendency of th e  age is tow ards th e  conserva
tion  of th e  n a tu ra l resources of th e  world, and  in 
hand ling  of m aterials to  th e  conservation of labour 
effort.

W hen labour is high priced th e  necessity for 
ap p a ra tu s  is increased, and  decides th a t  m achinery 
is necessary, where, if su itab le  labour can  he 
secured, th e  operation  would be perform ed by 
hand  m ore cheaply th a n  by p la n t adopted.

F requen tly  i t  will be found in  th e  hand ling  of 
m ateria l th a t  th e  advantage of reducing th e  
physical effort is n o t only an economic advantage 
in th a t  i t  d irectly  reduces costs, b u t also th a t  i t  
reduces th e  num ber of men needed, and brings 
th e ir  work w ith in  th e  physical power for hum an 
effort. A m an m ay li f t  100 lbs., b u t he cannot do 
i t  all day long.

W ork m ust be really  in te restin g  before men will 
con tinue to  do i t  well, so in  securing handling  
economies th e  wise will avoid th e  necessity of 
hand ling  operations w herever possible, and solve 
the  ind iv idual cases th u s  reduced in num ber by 
the m eans th a t  will keep down th e  labour effort 
and  save th e  money in  opera ting  costs.

The way to  handle  m ateria l cheaply is to  avoid 
handling  it  a t  all, if  such a s ta te  of th ings were 
possible.

W hatever deviee is used in  the  foundry  for 
lif tin g  and  sh iftin g , the  following tw o elem entary 
principles should be borne in  m in d :— (1) In  
hand ling  m a te ria l carry  o u t only th e  operations 
th a t  are  absolutely necessary ; and (2 ) perform  
these operations in  th e  way th a t  secures th e  lowest 
cost.

A large dredging con trac t in  a harbou r in 
C hina, le t us say H ong K ong, was to  be le t some 
years ago. As hydraulic  dredges are  most 
economical, and  usually  do such work for the  
lowest cost, a rep resen ta tive  of a large dredging 
company, realising  th e re  were very few, if  any, 
la rg e  dredgers in  C hina, th ough t th a t  lie could
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underbid , and secure a valuable con trac t. On 
a rriva l a t H ong K ong, however, he found th a t  he 
was rig h t, for th e re  were no hydrau lic  dredges to  
bid aga in s t him . H e h ad  a fine one available, 
b u t he found also, to  his chagrin , th a t  coolie 
labour was so cheap th a t  a coolie could ca rry  th e  
e a rth  out of the  excavation  in basket« on his head 
a t  so low a cost per yard  th a t  i t  was m ore 
economical to  d rive  piles around  th e  e a rth , pum p 
o u t the  w ater, and carry  th e  m ud by coolie labour.

I t  is needless to  say  th a t  th e  work was done by 
coolie labour, and th a t  was th e  m ost economical 
method u nder th e  ex is tin g  conditions, b u t such a 
s ta te  of th ings hard ly  ex ists  to -d a y ; th is  
illu s tra tio n  will force on one’s m ind th e  fa c t th a t  
the device th a t  is m ost economical in hand ling  
m ateria l a t  one place, and  under one so r t of con
d ition  of labour and  env ironm ent, m ay n o t be th e  
most economical in ano ther place. This fac t 
should always be borne in m ind, for i t  is of v ita l 
im portance.

B ut u nder any se t of circum stances th e re  is a 
rule th a t  applies to  all h and ling  problem s, and 
one th a t  can be depended on to  aid  th e  m ind in 
selecting a good w orkable p lan . I t  is in  general 
te rm s nevertheless of g re a t value, as all plans 
can he tested  by applying its  principles. This rtule 
can be s ta te d  as follow s: —The m ate ria l u nder 
operation  should follow a d irec t rou te , from  receip t 
or s ta r t  on to  final sh ipm en t or despatch, w ith  as 
few re trog rade  m ovem ents as possible, and  th e  
articles being m ade o r m an u fac tu red  should go 
d irectly  from  operation  to  opera tion , o r stage  to  
stage, w ithou t rehandling .

Commencing w ith  th e  cupola, p ig-iron and  coke 
a re  m ain ly 1 m an-handled, first from  th e  tru ck , 
finally on to  the  charg ing  p latform , and thence  to  
th e  cupola. There a re  m any m ethods of charg ing  
in use, b u t w orthy of note is a m ethod o rig ina ted  
in th e  U .S.A. in which th e  stockyard  overhead 
trave lling  crane links up w ith  an inside overhead 
trave lle r ru n n in g  over th e  charg ing  p la tfo rm , th e  
yard  c rane  and th e  charg ing  p la tfo rm  crane, both 
trave lling  for th e ir  respective work on th e ir  respec
tive  gan tries, b u t both being of th e  tra n sp o rte r  
type, namely, each carry ing  a single jo ist, so th a t  
by means of a system of au tom atic  stops th e  cranes
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F i g . 1.
The yard crane A picks up pig and scrap from the railway truck 
by use of the magnet operated from the electric travelling hoist, and 
drops the material in the storage hins. From these bins, when charging 
the cupola, the material is delivered in small trucks, which are made up 
and weighed on the ground-floor scale D. The trucks are then pushed 
forward to the turntable following the direction of the arrows Only one 
cupola is charged or used each day. If No. 1 is in use the cars or trucks 
are placed in a line directly under the crane in the position shown. The 
charge to be used first is made up last, and the others, in sequence, are 
placed on the track until a day’s requirement is made up and in position 
on the track, reaching out directly in a line under the cupola to be charged. '  V IE W  IN D IREC TION O F  A R R O W .



can lock lip in one line, and an electric travelling  
hoist ru n n in g  on th e  bottom  flange of th e  joists 
can be used rig h t across th e  tw o, o r separately  on 
e ith e r crane, for th e  efficient hand ling  of m ateria ls 
from  th e  railw ay tru ck  to  th e  yard , and from  the 
y a rd  in to  th e  cupola.

The outside crane in  F ig . 1 (see folder) is used to 
unload all raw  m ateria ls , e ith e r w ith a m agnet or 
g rab  bucket. I t  serves also to  m ake up the  charges 
on su itab le  tru ck s  on th e  ground track , and is 
used in conjunction  w ith  th e  inside crane to  
deliver the  m ateria l d irectly  from  the  ground track  
trucks to  the  inside of the  cupola.

W hen th e  g round-track  tru ck s are  filled, and 
arranged  as shown in F ig . 1, th e  cycle of charg
ing operations is s ta r te d  by ru n n in g  th e  electric 
hoist o r charger ou t along th e  ou tside crane, the 
m agnet or bucket is dropped down, and the 
m ateria l, e ith e r coke or iron, is lifted  up to  its 
full heigh t, so th a t  th e  suspending rope and cable 
is sheathed  well w ith in  th e  fram e of th e  hoist. 
The hook on th e  m agnet is sheathed w ith in  th e  
can tilever arm , so th a t  sw inging o r dam age to  th e  
hoist rope w hilst th e  arm  is in  th e  cupola is 
avoided. The E .T . ho ist is then  ru n  forw ard off 
th e  j^ard c rane  to  th e  inside charg ing  crane, and 
along u n ti l th e  coke bucket, o r the  iron on the 
m agnet, as th e  case may be, is inside th e  cupola. 
The charge is th en  dropped, and th e  charg ing  hoist 
re tu rn s  to  complete the cycle of operations. I t  
is s ta ted  th a t  bv th is method some 15 tons of iron, 
e tc ., per hour is easily handled  from th e  ground 
to  th e  inside of th e  furnace.

The labour-saving fea tu re  of th is a rrangem ent is 
shown by a com parison w ith the  old hand practice, 
form erly 24 men - were requ ired  to  handle the  
m ateria l for an o u tp u t of 80 tons of iron per day 
from one cupola, th is  num ber of course, covering 
all th e  yard  and charging floor labour necessary to 
handle all m ate ria l from  th e  railw ay tru ck  to  the 
storage piles, from  th e  piles, or storage, to  the  
ground tra ck  trucks, and from  these trucks to  the 
cupola (not merely cupola charging) m aking th ree 
separate  lifts  of th e  sam e m ateria l, or 240 tons in 
all. A t p resen t six men can make up and charge 
the required  m ate ria l to  ob tain  th e  production of 
80 tons per day of m etal a t th e  spout.
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Coke is handled from th e  charging floor, or from 
the ground, as may be desired ; a novel bucket, 
w ith a holding capacity  of 400 to  600 pounds of 
coke, is se t down by the coke storage, and filled 
by fork ing  the coke in to  it . This coke bucket is 
tran sfe rred  to  th e  cupola by use of th e  m agnet 
which is dropped over th e  bucket, and depresses 
th e  hinged lid, th is  throws the  hooks forw ard, 
which engage th e  top  of the  m agnet, and the  
bucket can be lifted  w ithou t fea r of its  being dis
engaged u n til th e  hoist runs i t  in to  th e  cupola, 
when a pull of a  hook disengages a  latch , which 
allows th e  bottom  of th e  bucket to  drop te n  inches 
on a cen tral rod, and  d is tribu te  th e  coke even ly ; 
th e  bucket is th en  run  o u t and  p u t to  work again, 
th e  action of the  bottom  touching th e  floor or 
g round being sufficient to  close it  up again. Now 
th is  system m ay seem only suitable for large out
puts, b u t it  certa in ly  opens one’s eyes to  w hat 
m ight be done on a sm aller scale for even medium 
size foundries, w ith very economical results.

A nother system, som ewhat sim ilar to  the  one 
ju s t m entioned, and  shown on Figs. 2 and 3, which 
describe even sim pler schemes th a n  th e  one o u t
lined in  F ig . 1. Of course th e  electric hoist can in 
e ith e r case be used also w ith  th e  skull-cracker for 
b reak ing  up  scrap.

Self-acting chargers, opera ting  from  the ground 
floor a re  now m ore in  evidence, and  tak e  th e  filled 
trucks, carry  them  up an inclined conveyor, and 
deliver th e  charges d irectly  in to  the  cupola, and 
they  seem to  have much g rea te r possibilities for 
the sm aller foundry.

The fo u rth  scheme, F ig . 4, is one used to  advan
tag e  in th is  country , and is, in th e  au th o r’s 
opinion, a  very good one where m elting  is going 
on p ractically  continuously, and  overcomes the  re
handling  to  a good ex ten t. I t  uses two overhead 
runw ays, th e  lower one being operated  e ither by 
hand , or an electric  hoist, and the upper one being 
preferab ly  of th e  electric type, b u t in th is  scheme, 
charges can be p re-arranged  on th e  g round, o r on 
th e  charg ing  platform , as best su its  th e  conditions 
o b ta in in g ; in  e ith e r case tip p in g  skips are used, 
charges made up on th e  ground, o r ground floor, 
weighed in the  skip, and tran sfe rred  by th e  elec
tr ic  hoist from the  lower runw ay to  th e  upper



runw ay, where th e  charg ing  can be done d irec t 
in to  th e  cupola in  a very sim ple m anner.

(H ere some 40 views were shown of cranes and 
liftin g  gear of in te re s t to  th e  foundry  tra d e .)

E lectric C ranes.
E lectric  cranes a re  so well know n th a t  li t t le  need 

be said, h u t a Paper*  recen tly  read  by M r. D an ie l 
Adamson is well w orth  perusal. E lec tric  cranes a re  
indispensable, and a foundry  n o t p roperly  equip
ped w ith its full quo ta  cannot be efficient. F oun- 
drvm en buying cranes should- he m ost carefu l to  
ge t “  foundry  cranes ”  w ith  p roper creep ing  con
tro l, o r otherw ise they  will lose a g re a t advan tage .

W ith  regard  to  th e  type  of hand-pulley  blocks, 
and  ru lin g  ou t th e  ty p e  of block com ing u n d e r the  
heading of d ifferen tia l in  its  varie ties , i t  can be 
said th a t  th e  geared self-susta in ing  hoist, o r pulley 
block, opera ted  by hand , s till holds th e  field as 
th e  m ost economical device up to  abou t 50 f t .  of 
lif tin g  and  low ering p e r h ou r, above th is  am ount 
an  electric or o ther pow er-driven ho is t is th e  more 
economical.

F ig . 5 shows th e  to ta l o p e ra tin g  cost of various 
types of lif tin g  m achinery, in  pence, p er hour, for 
a given num ber of fee t of lif t in g  and  low ering per 
hour accomplished. The exam ple is tak en  for 1-ton 
loads, and includes in te re s t and depreciation . This 
diagTam has been p lo tted  fo r a ho isting  m echanism  
p u re  and simple.

In  th e  case of cranes w here th e  p ropo rtional costs 
of h and  and power cranes is less, th e  power c ran e  
becomes economical much sooner, and  i t  m ay be 
tak en  as a rough and ready  ru le  th a t  w here th e  
am ount of lif tin g  and  low ering p er hour exceeds 
10 to  15 ft ., i t  is wise to  com pare to ta l  o p e ra tin g  
costs w ith  a view to  deciding th e  m ost economical 
ty p e  to be employed. The g re a te r  th e  tonnage to  
be lifted , the  sooner does a power c rane  become th e  
best investm ent.

F ig . 6 illu s tra tes  the  range of economy of various 
types of lif tin g  m echanism  u nder various condi
tions. In  general, while a p la n t is being  served by a 
lif tin g  gear, th e  p la n t is a t  re s t o r p a rtia l ly  so. 
Consequently, s tan d in g  charges of m any k inds a re  
proceeding w ithout useful work being done to  pay

• M anchester A ssociation  of E ngineers.
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these charges. The spaces between the curves 
show th e  range of economy of the several types 
for various values of s tand ing  charges proceeding. 
I t  will be seen th a t  as the s tand ing  charges in
crease th e  range of economy for the  less speedy 
liftin g  mechanism decreases.

One dom inan t fa c t is b rought o u t by these 
curves, and th a t  i s : —I t  is the very worst possible 
policy, particularly in hand-lifting machinery, to 
instal any other than a high-efficiency machine. 
These curves com pare norm al working costs only, 
and do no t make allowance for th e  decreased safety  
and liab ility  to  breakdow n, so very often  found 
in  th e  less efficient and badly m ade cheap ty p e  of 
liftin g  gear.

Sand Handling.
In  general foundries where no autom atic  sand 

p reparing  and conveying system is in use, the  elec
tr ic  overhead runw ay (or when suitab le  th e  hand 
overhead runw ay) can be arranged  to  good advan
tag e  for delivering new milled sand, o r tak in g  out 
shaken o u t sand by means of electric travelling  
hoists, and autom atically-operated grab, or tip - 
buckets, and some foundry m anagers of high re 
pu te  rely upon th is system. M any good examples 
of th is method of sand tran sp o rta tio n  from  the  
sand p lan t to  any po in t required  in  th e  foundry, 
as also to  feed special storage hoppers serving th e  
core departm en ts and ligh t foundry, using in  con
junc tion  w ith electric travelling  hoist a grab  of the 
combined hand  and self dum ping type arranged  for 
discharge when suspended by means of hand opera
tion, or cord, or au tom atically , can be found in 
use in th is  country.

Battery Trucks.
The electric b a tte ry  tru ck , as a locomotive alone, 

for hauling  tra ile rs , w ith fixed or liftin g  platform , 
is a good distanoe-hauling medium for th e  periodic 
movement of u n it loads, and serves its  purpose 
well for traffic between buildings some distance 
ap a rt, and when moving m ateria l of a character 
not adap ted  to  th e  fixed conveyor economies, its 
use is d ic ta ted  for w idespread d is tribu tion  to  many 
points, g rea t varie ty  of m aterials, o r where th e  
movement is too ligh t to  support th e  larger fixed 
equipm ent. F or com paratively long movements,
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and those which m ust traverse  variable rou tes the 
b a tte ry  tru ck  is finding a con tinually  w idening 
field of application .

The effect of good in te rn a l tra n sp o rt in  th e  foun
dry  is very pronounced, e lim in a tin g  delay, rem ov
ing strenuous operations, and  allowing m oulders to  
devote m ore tim e  to  ac tua l p roduction , and  to  
expend th e ir  energy in  th e  m ost economical 
m anner. Sand  and  m olten m etal a re  handled  
w ith fac ility , charging is reduced to  a science, 
castings are  removed to  th e  dressing or fe ttlin g  
shops, and  sand  b last, w ith  ease and  fac ility , and 
m oulding boxes and  tackle are  b ro u g h t in to  use, 
and also rap id ly  removed, and  properly  sto red  
when o u t of use. A foundry  equipped w ith  labour- 
saving devices for conveying m ate ria ls  can com
m and the  best class of labour, as m oulders, and 
o thers, a re  able to  e a rn  a  b e tte r  wage w ith  less 
fa tigue . The fac ility  w ith  which all w aste 
m ateria l can be removed m eans cleaner foundries, 
and reduces w aste to  a m inim um .

Som ething more m ust be done in G rea t B rita in  
to  cu t down productive costs, and  i t  is th e  du ty  
of all foundrym en to look closely and quickly in to  
th e  m eans of securing a g re a te r  o u tp u t a t  a less 
cost. E very th ing  requ ired  for economical lif tin g  
and sh iftin g  can be bought in G rea t B r i t a in ; so 
buy B ritish .

The exam ination , as detailed  above, of a 
m onthly cost sheet of a sm all o r medium-size 
genera l foundry engaged on lig h t and m edium  
work, w ith some rep e titio n  m oulding m achine work, 
having an o u tp u t of some 93 tons of good castings 
per m onth  approxim ately , a t  a shop-door cost of 
£13 5s. per ton , covering all in te rn a l cost, b u t no 
estab lishm ent charges, is, to  be b rief, on th e  usual 
lines of a foundry being p a r t  of an engineering  
business producing castings for its own consum p
tion.

U nder th e  heading of ind irec t labour th e re  are  
“ general labouring ,”  “ sand  p re p a ra tio n ,”  “ pour
ing labourers,”  “ shop clean ing ,”  etc. These item s 
figure o u t a t  £57 5s. lOd, o r 12s. 4d. p er to n  of 
good ou tp u t. I t  is a p p a ren t serious economies 
have s till to be effected here by th e  in troduc tion  
of improved and additional m ateria] hand ling  
appliances.
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Now, tak e  the  m elting  cost, which also forms 
p a r t  of th e  oncost, th is  item  figures a t 
£119 3s. 3d., o r 25s. 7d. per ton of good castings, 
in th is is found £41 3s. l i d .  for cupola a tte n d 
ance, o r 8s. lOd. per ton  of good castings, so th a t  
th e re  is a to ta l labour oncost of £98 9s. 9d., m ade 
up as follows : —

£  s. d.
General labouring  ...
Sand  p rep a ra tio n
P ou rin g  labourers ...
Shop cleaning
Cupola a ttendance  ... ... 41 3 11

£98 9 9
or 21s. 2d. per to n  in bare  figures.

These item s really can be im proved considerably, 
as also can th e  d irec t labour for m oulding, which 
stands a t  £310 9s. 7d., or £ 3  6s. 9d. per ton , by 
th e  in s ta lla tion  of more jib  cranes of various types 
for the  individual use of th e  m oulders, to g e th er 
w ith a sand p reparing  p lan t, and in  one section, 
a system  of ligh t tra n sp o rte r  cranes to  allow of 
the  whole floor area  being used to  b e tte r  advan
tage.

The most serious obstacle to  progress in  th is 
p a rticu la r foundry  is floor area, and  i t  is realised 
th a t  by allowing th e  m oulders tw ice th e  w orking 
area  they now have, so th a t  the  previous day ’s 
work could be shaken o u t and cleared w ithou t in 
te rfe rin g  in  any way w ith a full day’s m oulding, 
th is  would allow of a g rea tly  increased tu rn o v er, 
w ith very li tt le  add itional ope ra tin g  expense.

M oulding appliances are  no t in th e  scope of th is 
P aper, b u t if a po rtab le  au to  sand c u tte r  is to  
be used on th e  foundry  floor i t  m ust have adequate  
c rane service, as also m ust th e  portab le  type  sand  
slinger, which also requires proper sand  feeding, 
or it  canno t be used to  th e  best advan tage  ; b u t 
foundrym en who have read  th e  artic les in  the 
P ress, and also the  Papers read  by M r. Lane and 
o thers on “ The M echanical H an d lin g  and 
P rep a ra tio n  of S ands,”  have some idea of th e  
im portance of the various lif tin g  and sh iftin g  
devices involved in a p roper sand  system.

[H ere were shown some 710 m ore views of liftin g  
and sh iftin g  appliances in te res tin g  to  foundry” 
m en.]
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Mass Production in  the Foundry.
Now w ith regard  to  th e  stric tly  repetition  

foundry , th ings are  very much different here from 
those prevailing  in th e  general and jobbing 
foundry, and th e  system  employed needs to  be 
more or less continuous. In  th e  foundry equipped 
for rock-bottom  cost répétition-production  the  
moulds are  usually poured as they move along a 
continuous conveyor ; th e  men who pour devote 
th e ir  e n tire  tim e and a tten tio n  to  th e  work.

As th e  flasks are poured they  move along th e  
conveyor to  a shake-out or knock-out g ra ting . 
H ere they  a re  knocked o u t by hand, a  v ib ra ting  
appliance, o r a m echanical ja r  knock-out machine.

D e t a i l s  o f  M e t a l  C o s t .
Pig-Irons Per ton.

T. C. Q. Lbs. £ s. d .  £ s. d .
No. 3 . . 25 13 3 14 at 5 15 6 148 18 0
No. 3 . . 27 4 2 14 at 4 1 0 110 5 9
N o. 4 . . 10 15 2 0 at 4  2 6 44 8 1 1 ’
N o. 1 . . 2 0 0 0 at 4 13 9  9 7 6

Own Scrap . . 3 1  11 0 0 at 4 2 6 130 2 9 1

Bought Scrap 33 7 1 0 at 4 2 6 137 1 2 3

130 12 1 0 £580 15 3
Less Shop Scrap 30 2 2 0 at 4 2 0 124 5 3

1 0 0  9 3 0 £456 10 0

D e t a i l s  o f  M e l t i n g  C o s t . £ s. d.
Labour— Cupola attendants . . 41 3 11
Fuel 55 2 0
Stores, R efractories, Lim estone, etc. . . 13 7 4
Re-Lining Cupola and Plant Upkeep 2 1 0 0
Power 7 0 0

£ 1 1 9 3 3

D e t a i l s  o f  D k e s s i n g  C o s t . £ s. d.
Labour— Fettlers and Sand Blast Operator 61 10 51
General Stores and Supplies 1 9 0
Power Cost . . 19 5 0

£82 4 51

The flasks are  im m ediately available, and are  used 
several tim es each day. Due to  th is rapid  
handling, less flasks are necessary. I t  has been



said th a t  sometimes the saving in flask equipm ent 
is enough to  pay for th e  continuous equipm ent. 
From  th e  knock-out g ra tin g  th e  sand  drops in to  a 
hopper; from  th is  hopper i t  goes on to  a conveyor 
th a t  carries i t  to  a screen. The screen takes o u t 
all h ard  lumps, sprues, gaggers, rods and  nails, 
and ensures sand  of un ifo rm  size for m oulding. 
I t  “  fluffs up ” and cools th e  hot sand . Below the

GG4

(PENCE PER UOUR.)
F i g . 5 .

screen th e  sand passes over a  m agnetic sep ara to r, 
which removes all rem ain ing  m etal.

The sand now passes over a tem pering  belt, 
where i t  is w etted  down, and  th en  in to  a con
d ition ing  m achine. This m achine aera tes, blends, 
and  tem pers th e  sand, and pu ts i t  in to  proper 
condition for m oulding. The w orking p a r t  of the  
m achine is a simple revolving cage. Sand is fed 
in to  th is  cage, and is th row n betw een th e  pins to  
b reak  up all lum ps, and give th e  sand  a un ifo rm  
consistency. The conditioned sand  now goes to  
a cen tra l overhead sto rage bin. This bin has



sufficient capacity  so th a t  th e  sand becomes 
properly  seasoned before i t  is used. From  th is 
bin a un iform  flow of sand is delivered by an 
au tom atic  c u tt in g  feeder to  a conveyor th a t  dis
tr ib u te s  th e  sand to  th e  bins above the  moulding 
machines. This continuous process is in use for 
no t only ligh t, b u t also m edium  size work, and 
i t  is claimed in America as an exam ple of its

efficiency th a t  23 men easily do the  work of Go 
men in two-fifths of the space previously employed.

C onveyors.
M uch progress has been made by th e  use of con

veyors in th is country  d u ring  the  last few years, 
th e  g rav ity  conveyor by itself having come in to  
use by leaps and bounds, and g re a t economies 
and increased o u tp u t have been effected by th e ir  
use. F inally , reference should be m ade to  the  
continuous core-drying stove, several examples 
being ¡11 use in th is  country. Conveyors se t a pace 
of w orking th a t  ensures a uniform  ra te  of pro
duction , and as is well known have helped much
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in reducing th e  cost of p roduction  in m any lines 
of repe tition  foundry  work.

Conclusion.

The au th o r desires to  express his g ra titu d e  to  
his friends M r. Jo h n  Lucas and  M r. C larke for 
th e ir  g re a t help to  him , and  th e  team  sp ir i t  shown 
in  connection w ith  th is  P ap e r d u rin g  a period of 
g re a t pressure, and  also to  acknowledge h is re fe r
ences to  th e  P ap e r read  by M r. Prim rose, of 
F a lk irk , and also for useful ex tra c ts  from  The 
F oundry Trade J ournal, and also to  his colleague, 
directors pf Messrs. H e rb e rt M orris, L im ited , for 
placing a t  his disposal much in fo rm ation  of 
in terest.

DISC USSIO N.

M r . R u s se ll  believed th e  audience was consider
ably bewildered a t  th e  g round  th e  P ap e r covered 
and th e  num ber and  v a rie ty  of appliances now a
days available. H e  was p a rticu la rly  in te rested  in 
th e  cupola charger, th is  being one of th e  foundrv- 
m an ’s crucial problems to -d a y ; th e  cupola 
charger tended  to  a b e tte r  control, as u n d er th e  
old style of th in g s  th e  m an was o u t o f s ig h t on 
th e  cupola stage. H e was qu ite  su re  i t  would be 
a boon if th e  charges could ac tua lly  be weighed 
on th e  ground. H e would have liked M r. M oore 
to have enlarged on th e  two runw ay system  of 
cupola charging. A p o in t th a t  always reac ted  
aga in s t th e  use of th e  average pulley block in  th e  
foundry  was th a t  (if th e  job was a fa irly  la rge  
one) th e  chains had  th e  action  of dam aging  th e  
moulds.

H e was sorry th a t  th e  lif t in g  gear m anu fac
tu re rs  had not yet o rig inated  a crane whereby the  
gears were all in , o r controlled from  a gangw ay. 
Personally  speaking, when th is  proposition  had 
been m entioned to  th e  crane m anufac tu re rs , he 
had  always been inform ed th a t  th e  loss of 
efficiency when» th e  chains were all in  a gangw ay 
was very serious. The two-speed block re fe rred  to  
by th e  au tho r was an in te re s tin g  device. H e 
would like to  be assured of its  safety . An electric 
block, shown on a slide, was, from  his own experi
ence, a most efficient tool. H e had one a t  work in
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his fe ttlin g  shop for 5 ‘, years, and i t  was su rp ris
ing how li tt le  troub le  i t  gave. F or handling 
foundry  loads up to  2 tons he had  no t th e  slightest 
hesita tion  in  endorsing th e  claims m ade for the  
e lectric pulley block.

T he figures given re la tin g  to  the  w eight of 
m ateria ls  handled  per to n  of castings produced 
were astounding, b u t they  were obtained from so 
m any sources th a t th e ir  accuracy could n o t be 
doubted.

R especting th e  particu la rs  given of foundry 
costs, he was no t q u ite  sure w hat these covered 
w ithou t personal reference to  th e  figures, and, 
although they  were extrem ely in teresting , i t  was 
qu ite  possible th ey  were tak en  o u t in a different 
m anner from  w hat he was used to.

In  reply, Mr . Moore said he agreed th a t  with 
regard  to  trav e llin g  gear in  th e  foundry th e re  was 
som ething y e t to  be done, b u t very much progress 
had already  been m ade in  th is  direction, and 
foundrym en’s views as to  w hat was best for th e ir  
own specific cases varied  greatly . H e assured M r. 
Russell w ith regard  to  th e  two-speed lif tin g  block 
th a t  th e re  was no doubt w hatever w ith regard  to 
its safe ty . (M r. Moore enlarged on th e  design 
of th e  block.) W ith  regard  to  th e  oncost figures 
m entioned, various foundries m ade up th e ir figures 
in d ifferent ways, b u t th e  same facts had  to  be 
faced. H e was pleased to  h ear of M r. R ussell’s 
experience w ith th e  electric pulley block. H e (the 
au thor) was sure  th a t  i t  had  a g rea te r fu tu re  than  
anv o ther lif tin g  gear, and in these days when 
production  costs m ust be lqwered, th e  g rea t aid 
would be found to  be th e  electric pulley block.

Mr . P emberton said  th a t  he had  been very 
in terested  in  w hat had  been shown. I t  had taken 
them  from  coolie labour to  shipbuilding cranes. 
The cost of wages undoubtedly played a big p a rt 
in  p resent-day costs. M r. Moore had  raised  one 
po in t w ith  regard  to  cupola charg ing  appara tus. 
i.e., “ 15 tons per hour, th e 'c h a rg in g  now being 
done by six 'm en. which was previously done by 
24 m en.”  T h a t m eant th a t  each m an would be 
hand ling  about 24 tons per hour, which did not 
seem a g re a t advantage. M r. Pem berton had  in 
m ind his own cupola, doing 10 tons per hour, 
handled  by two m en. charged from th e  floor, and
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he would like a p riv a te  discussion w ith M r. Moore 
as to  w hat would be saved hy charg ing  up w ith  
an overhead runw ay.

A ll data to be m ade availab le.
H e (M r. Pem berton) advised foundrym en th a t 

if they  were in s ta llin g  overhead appliances to  dis
cuss th e  m a tte r  only w ith  th e  experts , and  to  
rem em ber th a t  i t  was in  th e  m u tu a l in te re s t of th e  
supplier of th e  p la n t and  th e  u se r th a t  th e  user 
should p u t  all h is  cards on th e  tab le  w hen p u tt in g  
his proposition np  to  th e  supp lier. H e th o u g h t 
th a t  th e  au th o r should have dissected h is P ap e r, 
and  given i t  to  them  over a series of P ap e rs .

Mb . Moohe, in  reply , po in ted  o u t th a t  w ith  
regard  to  th e  use of cupola charg ing  ap p a ra tu s  
and  th e  15 to n s  p er h ou r now being  charged  hy 
six m en, and which was previously  hand led  by 
24 m en, th a t  M r. Pem berton  had  perhaps no t 
realised th a t  th e  figures m entioned  covered no t 
only charging, b u t a ll th e  ac tu a l work done from  
the  removal o f th e  m a te ria l from  th e  railw av  
trucks, s tag in g  it . w eighing, and  th e  whole o f th e  
work up to  th e  ac tua l charg ing  in to  th e  cupola.

P ulley  Block Chains.
Mb. Cox sa id  t h a t  w hat appealed  to  h im  m ost 

in lif tin g  gears fo r foundries was no t so m uch as 
th e  u ti l i ta r ia n  po in t of view b u t th e  sa fe ty  fac to r. 
He th o u g h t th a t  if  cranes could be opera ted  w ith  
th e  chains a t  th e  side i t  would be m uch b e tte r— 
th a t  is, if th e  contro l could be rem oved fu r th e r  
aw ay from  th e  m olten m eta l i t  would be a d is tin c t 
advantage, and . fu rtherm ore , th e  blocks should be 
guarded  so th a t  they  were no t sub ject to  h ea t.

Mb . B rxT rxc  th o u g h t th a t  th e  m an u fac tu re rs  
who specialised in  hand-hoisting  tack le  should be 
able to  provide a device which would allow the  
men to  s tan d  fu r th e r  aw ay from  th e  m olten m eta l.

Mb . Moobe said he was n o t c lear as to  w hether 
M r. Cox was re fe rrin g  to  h and  o r e lec tric  li f t in g  
gears, b u t in  any  case he (the au tho r) was sure  
th e  requ irem en ts of th e  case could be m et w ithou t 
d ifficulty : b u t i t  was a question  of th e  m anu fac
tu r e r  hav ing  a p roper knowledge of th e  conditions 
to  be m et. and  th e  same rem arks answ ered th e  
question of M r. B un ting .



Mr . Stevenson asked the author for advice on 
the lubrication of foundry machinery generally.
I t  was known th ro u g h o u t th e  trad e  th a t  the  
foundry  m achinery was th e  m ost neglected of any 
section. There was no doubt th a t  when new 
m achines w ere supplied to  th e  foundry they were 
fitted w ith oil holes, h u t these very soon became 
blocked up, and  he wondered if th e  au tho r could 
give them  any inform ation  on the  best m ethod of 
providing lubrication  of foundry  m achinery.

M r. E vans sa id  th a t  th e  productive m oulding 
costs were nowadays so low th a t  little  fu r th e r 
could be done in th is  d irection , and the foundry- 
m an was now forced to  tack le  th is  handling 
proposition. I t  had been forced on him  th a t  the 
highest costs were those entailed  in hand ling  1 
m ateria l. The m oulding costs were satisfactory , 
b u t m any had fallen behind in th e ir  methods of 
handling . H e had  found the electric b a tte ry  
tru ck  alm ost invaluable in solving some of his 
m ate ria l hand ling  problems. F inally , he asked if 
th ere  was yet a m agnet crane available which 
could work on an A.C. circu it.

A h earty  vote of th an k s was accorded the 
lecturer.
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Lancashire Branch.

ALUMINIUM FOUNDRY PRACTICE.

By G. M ortim er.

INTRODUCTION.
W ith  th e  grow ing necessity for c u tt in g  w orking 

costs in o u r industries to-day, th ere  may be 
traced  a  tendency to  in vestiga te  new and more 
rap id  m ethods of p roduction , closer and more 
scientific control of processes, m ateria ls  which will 
do the  work and  cost less.

The founding  of m etals is one of the  few skilled 
trades l e f t : one of th e  few where personal experi
ence canno t en tire ly  be replaced by ingenious 
mechanism. M achine m oulding, pyrom etric  con
tro l, au tom atic  tra n sp o rt, th e  scientific hand ling  
of sands, all th e  varied  p a rap h e rn a lia  th a t  go to  
the  m aking o f a  m odern foundry , m erely assist 
th a t  experience: they  do n o t su p p lan t it. I t  is 
difficult to  th in k  th a t  th ey  ever will.

Since foundrym en deal, th en , n o t w ith  an exac t 
science, b u t w ith a sub ject com plicated w ith  all1 
the variables of hum an experience, i t  is possible 
only to  generalise. B u t if one found rym an’s m eat 
is an o th e r foundrym an’s poison, th e re  is common 
ground in  t h i s : th a t  all foundrym en who a re  suc
cessful in  th e  casting  of a lum inium  follow, w hether 
they know i t  or not, c e rta in  fundam en ta l principles. 
T here a re  one o r two pecu liarities in th e  lig h t 
m etal as com pared w ith  brass o r iron . W here 
these a re  recognised and  m et in  a sim ple and 
logical m anner, th e re  will be found th e  m ost con
sis ten t success w ith alum inium .

These differences a re  se t ou t in  th e  following 
paper ind ica ting  th e ir  effect on choioe of alloy or 
m ethod o r p lan t. Should questions a rise  a t  any 
tim e on th e  b e tte r  m ethod of m eeting  certa in  
special circum stances, th e  au th o r will always be 
pleased to  augm ent these notes w ith more 
specific inform ation .

M odern developm ents have produced a  con
fusing a rra y  of lig h t casting  alloys, th e  possible 
com binations being in po in t of fac t un lim ited . To



clear the ground i t  is only necessary to  remember 
th a t  the perm issible range of physical p roperties 
is n o t unlim ited. This range may be obtained, 
for all practioal purposes, as readily  by the 
m anipulation  of one or two simple and cheap 
com ponents, as i t  can be by ring ing  the changes 
on half a  dozen of the  more costly of the ra re r  
metals.

Since, th is  is the  case, it is wise to  confine 
a tten tio n  to a few alloys which call for no 
specialised foundry knowledge or subsequent t r e a t
m ent, which have been tr ied  o u t for years under 
varied conditions of service and clim ate, and 
which may be regarded  generally as sound sub
s titu te s  for commercial brass and bronze.

“ L5.”
The best known of these in  th is country  is 

“ L5.”  Some th ir ty  years ago, when alum inium  
casting  was in its infancy, i t  was found th a t  th e  
pure m etal could be oast. I t  is still being cast 
to-day in quan tities, for chemical p lan t and 
sim ilar work. I t  was found fu r th e r th a t  th e  pu re  
m etal gave poor engineering  properties in th e  
cast s ta te , and was difficult to  machine. The 
add ition  of zinc improved m atters considerably, 
and zinc alloys became popular here  and  on the 
C ontinent, the  proportion varying between 8 and 
20 per cen t., and se ttlin g  gradually  in th is 
country to  a compromise of 15 per cent.

Z inc is one of the  cheapest hardeners of 
alum inium , easy to  mix, tough and reliable in 
service, readily  machinable. In  the foundry, 
however, i t  has one real draw back, in th a t  for a 
considerable range of tem pera tu re  a fte r freezing 
all zinc alloys a re  excessively weak. They are 
tender in  the  mould, and th is a t  a tim e when a 
lo t of the  con traction  is ta k in g  place. In  foundry 
term s, the  zinc alloys a re  “ ho t-sho rt,”  and th is 
hot-shortness is a prolific source of cracked cast
ings.

Value of Adding Copper.
S ub stitu tin g  some .3 per cent, of copper for the 

same am ount of zinc m aterially  helps m atters, 
w ith no loss of s tren g th  or m achining qualities. 
Such an allov, consisting of 12 per cent, of zinc, 
3 per cent, of copper, balance commercial
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alum inium , has been in  use for some tw en ty  years, 
on such p a rts  as gear-boxes, crankcases and  o ther 
highly stressed u n its  on autom obiles and a irc ra f t 
engines. For years i t  was known to th e  tra d e  as 
“  No. 6 ”  alloy of th e  B ritish  A lum inium  Com
pany, but d u ring  th e  w ar all available d a ta  on 
ligh t alloys was collected and  tes ted  ou t, 
and definite specifications were issued for 
all of proved m erit. The specification num ber 
of th is  p a rtic u la r  alloy becam e “ L 5 .”  M inor 
m odifications in  th e  w ording and te tm s  of th e  
specification from  tim e  to  tim e have resu lted  in 
th e  nam e “ 2L5,” th e  properties of w hich are 
sum m arised a t  the  end  of th is section.

F rom  the  foundry  po in t of view 2L5 is an easy 
alloy to  work w ith , and i t  is su itab le  for a vast 

■ range  of p a r ts  m ade in  brass, in  com parison with 
which i t  is one th ird  th e  w eight, m ore rap id ly  
m achined, and cheap.

The D isab ility  of Zinc.
From  the  eng ineering  p o in t of view the  

m ateria l is stiff, s trong  and stable in all clim ates, 
and its long record of reliab le  service in  so g rea t 
a ran g e  of applications tends to  give confidence 
to designers. In  applying i t  to eng ineering  p a rts , 
however, one po in t should be k ep t in  m ind. All 
the zinc alloys are  weak a t  high tem pera tu res . 
2L5 is never used fo r autom obile pistons, and 
should not be used for any job requ ired  to  w ith 
stand  a sim ilar range  of tem p era tu re . C astings 
requ ired  to  w ith stand  high tem p era tu res  are 
b e tte r  c a s t in  a s tra ig h t copper alloy, th e  best 
known of which in  th is  country  is 3L11.

The Value of a Straight Copper A lloy.
A t the tim e when founders in th is  coun try  were 

discovering the  u ti li ty  of zinc as a  h a rd e n e r in 
alum inium  castings, America was passing  th rough  
a sim ilar tee th in g  stage  in reg ard  to  copper. 
From  th a t  day to  th is A m erican founders have 
continued to use copper for a ll purposes where 
th e  B ritish  use zinc, and  popu lar opinion has 
gradually  settled  down to an accepted stan d ard  
alloy co n ta in ing  from  7.5 to  8.5 per cent, copper, 
balance commercial alum inium . This alloy, under 
th e  name of “ No. 12,”  is used to th is  day  in  the  
S ta tes for about 90 per cent, of th e ir  vast o u tp u t
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und ran g e  of alum inium  castings, w hether for 
general work o r for special a irc ra ft castings, 
w hether cdst, in sand or in dies. This is in  itself 
a sufficient testim ony to  the  re liab ility  of a simple 
copper alloy.

“ 3L11.”
Soon a f te r  th e  w ar commenced, efforts were 

m ade in th is  country  to ifind a  more satisfactory  
alloy for a irc ra f t pistons th a n  wrns afforded by 
the zinc group. One of th e  more successful rvas 
an alloy consisting of 7 per cent, copper, 1 per cent, 
zinc, 1 per cent, t in  and  th e  balance being com
m ercial alum inium . This was given th e  ti tle  
“ L l l . ”  L a te r i t  wras found th a t even th is small 
percentage of zinc was detrim en ta l a t  high tem 
p era tu res, and  so i t  was om itted , and in place 
was 2L11. L a te r still, th e  tin  conten t was made 
op tional: i t  is difficult to see quite  why i t  was 
ever included, except possibly on th e  grounds of 
a slightly  lower crystallisation  shrinkage. The 
final specification, since one never uses th e  tin , is 
a s tra ig h t alloy con ta in ing  7 per cent, copper and 
known as 3L11. F or all p rac tica l purposes, there 
fore, i t  is now identical w ith th e  well-known and 
deservedly popular “ No. 12 ” of America. As 
such, i t  is a safe and reliable alloy to  use as a 
su b stitu te  for brass, and has an advan tage  over 
L5 in  being  b e tte r able to  w ithstand  high tem 
peratures.

Increasing the Copper Content.

Now, for various reasons i t  is often  of advant
age to increase th e  copper content. F o r instance, 
the h igher the  copper con ten t, th e  lower th e  to ta l 
shrinkage, and th is may help on th e  production 
of one or two obstinate  castings. Again, w ithin 
lim its th e  more copper used th e  less the  tendency 
to  general porosity, which p o in t is of value in 
connection w’ith  castings designed to  w ithstand 
hydraulic pressures. F inally , a h igher copper 
con+ent gives a hard , well-finished machined sur
face,, em inently  suitable for such w earing surfaces 
as autom obile pistons.

The ind iscrim inate  add ition  of copper, however, 
brings its own penalties in a rap id ly  increasing 
b rittleness in  the casting, ‘ and  in an increase in 
weight d isp roportionate  to  any gain in s treng th .
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Use of Manganese.

To guide founders and  designers alike in the 
m a tte r , a  specification was issued for a 12 per 
cent, copper alloy, now known as L8. T his alloy 
is th e  one used for th e  g re a t m ajo rity  of m otor 
pistons cast in th is country , w hether cast in sand 
or in  dies. The copper m ay be increased ano ther 
couple of po in ts w ithou t undue d e trim en t, an d  if  
to th is  is added from  1 to  2 p e r  cen t, of m anganese 
a  useful alloy is obtained, hav ing  th e  p ro p e rty  of 
increasing  in  tensile  s tre n g th  w ith rise of tem 
p e ra tu re  up to  about 250 deg. C. The alloy L8, 
however, holds its  own in popu lar esteem  on 
account of i t s  g rea te r ease of casting  and  its  
h igher th erm al conductiv ity .

The above alloys rep resen t th e  rep e rto ry  of the 
m ajo rity  of a lum inium  founders in  th is  coun try , 
and th e  brass found ry  need go no fu r th e r  to  m eet 
the  requ irem ents of 90 p er cent, of th e  cases w here 
brass o r iron  is norm ally used now. They a re  
recommended by th is  com pany on account of th e ir  
facility  o f w orking, and  th e ir  long record of 
reliable service under ex trem ely  varied  conditions 
of design, d u ty  and clim ate.

F o r  com parative purposes, th e ir  specified phy
sical p roperties may be tab u la ted  alongside those 
of o rd inary  grades of comm ercial b rass and

074

iron.
Tensile strength. E lon gation Specific

at erial. Tons per sq. i n . . on 2 in . ten acity
2L5 ... 11/13 3 /5 115
3L11 ... 9 /12 3 /4 8  T
L8 ... 9 /12 1 8 6
Brass ... 18 40 59
Bronze ... 18 40 57
Grey If o n . . .  12 — 47

* M inimum results called for On a standard te s t bar.

Specific T enac ity .—In  th e  las t colum n for th e  
sake of com parison is given an  a rb itra ry  figure 
ob tained  by  d iv id ing  th e  tensile s tre n g th  in  tons 
per sq. in . by th e  w eight of a  cubic inch of th e  
m ateria l in  pounds. This fac to r was in troduced  
by D r. R osenhain  some years ago in  a  p raise
w orthy a ttem p t to  convey com paratively  th e  effect 
of low specific g rav ity  as a fac to r in  design of any 
p a rts  subjected to  in e rtia  stresses.
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Such cases a re  innum erable in  p ractice, and  a 
few typ ica l instances a re  c ited  in  a  la te r  section. 
The specific ten ac ity  fac to r is of com parative value 
only, and  obviously canno t be used very freelv 
for absolute calculations in  design. I t  does serve 
to  explain , however, why in  certa in  applications 
a  re la tive ly  weak m ateria l like alum inium  can 
give g re a te r  re liab ility  in  service even th a n  cast 
steel.

I n  fu r th e r  reg a rd  to  th e  above tab le , i t  is fully 
understood th a t  resu lts  on  all th e  m ateria ls may, 
u n d e r controlled conditions, exceed th e  figures 
given. I t  is also understood th a t  m any special 
brasses and bronzes a re  available, g iv ing phvsical 
p roperties in  one w ay o r  ano ther fa r  i n  excess of 
those averaged by th e  common m ateria ls  cited. 
I t  is m erely a  question of choice o f an  alloy fo r 
some p a rtic u la r  du ty , and  a  decision as to  w hether 
th e  circum stances w a rra n t th e  e x tra  cost of raw  
m ateria ls, special foundry  practice, o r subsequent 
h ea t- trea tm en t.

S im ilarly  th e re  a re  special alloys of alum inium , 
fo r such special cases as ju s tify  th e ir  studv  and 
e x tra  cost. There a re  alloys of nickel and mag
nesium , o f silicon, m anganese and  lith iu m : alloys 
w hich give th e  s tren g th  of m ild  steel a t  a th ird  of 
th e  w eight, or which m ay be b e n t double w ith  a  
ham m er in  th e  cast s ta te  w ithou t frac tu re , or 
which a re  re la tive ly  free  from  corrosion by sea
w ater, o r possess a  h igh  electrical resistance or a 
low coefficient of expansion.

T he B ritish  A lum inium  Company, L im ited , will 
always be pleased to  advise on th e  choice of an 
alloy for any  special d u ty , give h in ts  on any 
modifications in  design needed, and any special 
tre a tm en t needed a t  various stages of m anufac
tu re .

Sim ple copper-zinc and s tra ig h t copper alloys as 
given above, however, w ill be found to  cover 
m ost of th e  requirem ents of general brass foundry 
work. They a re  re la tively  sim ple to  work in  th e  
foundry , and  they  a re  well understood by 
designers. By a  logical v a ria tion  of th e  propor
tio n  of th e  constituen ts i t  is possible to  co-relate 
th e  tensile  s tren g th  and du c tility  factors in  a 
convenient m anner, and ob ta in  th e  whole of th a t  
perm issible range of physical p roperties which is 
com patible w ith sim plicity and low cost.
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Making the Alloys.

The a u th o r’s firm  is p rep a red  to  supply  th e  above 
alloys and  m any  special ones ready  for use in  
ingot form , m elted and  alloyed u nder ideal con
ditions. M any founders p refer, however, to  m ix 
th e ir  own m elts, and to  these a re  offered the  
following h in ts.

The technical success of alum in ium  founding  
begins w ith  th e  purchase of m ateria ls , fo r th e  
word “ a lum inium  ”  in  th e  open m ark e t s till 
covers a m u ltitu d e  of sins. “ Clean alum inium  
s c r a p ”  m ay m ean a n y th in g ; th e  best available 
analysis does n o t te ll th e  whole story'. “  Re- 
m elted ingot ”  is a p itfa ll, unless th e  h is to ry  of 
th e  m etal is known. In d iffe ren t zinc and  copper 
can ru in  th e  best w orkm anship.

V irg in  alum inium  should be purchased in the  
first place. I t  will be found subsequently  th a t ,  
firstly, a  ce rta in  add ition  of “  scrap ”  defin itely  
improves castings as in  th e  case of iron , and, 
secondly, th a t  sufficient scrap  is forthcom ing  from  
norm al foundry  operations to  e lim in a te  any neces
sity  for purchasing  from  outside. I f  i t  should 
become necessary to  buy scrap , tw o po in ts should 
be w a tch ed ; th e  scrap  should be in  large lum ps, 
and i t  should come from  a  known and  approved 
source. One reason is sufficient for both p recau 
tions, and th a t  is th e  well-known affinity of 
alum in ium  fo r oxygen. A lum inium  invariab ly  has 
a coating  of oxide on its  su rface ; excess of oxide 
is de trim en ta l, therefo re  lim it th e  superficial a rea  
of added scrap. This , au tom atica lly  e lim inates 
m achine sw arf, the  tre a tm e n t of which will be 
dealt w ith  ‘la te r. A gain, if  ox ide  forms in s ta n 
taneously  on solid alum inium , i t  obviously forms 
even more readily  on m olten m etal. I t  is th ere 
fore advisable to  purchase scrap, if i t  ever becomes 
necessary, from  some concern which unders tands 
th e  m elting  of th e  m etal and has a  nam e for a 
h igh-grade product.

The specifications ou tlined  in s ist very wisely on 
m aker’s own scrap being used, and th e  best c a s t
ings will no t con tain  gates and risers from  
previous casts.

Copper and zinc m ust be of the  best electrolytic 
ingo t available w herever h igh class, reliab le  w ork 
is contem plated. In  th e  case of second grade
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castings, w here only a stiff, cheap s tru c tu re  is 
required , th e  founder will use his own discretion. 
B us-bar clippings, and a cheaper spelter are quite 
good m ateria l where i t  is no t necessary to 
g u a ran tee  physical p roperties to  s tr ic t specifica
tion . The saving, however, is generally small 
because of th e  re latively  small proportion  of these 
m etals used, and th ere  is ano ther economic factor 
which should be kep t in  mind even on the  cheapest 
g rade of work. T ha t factor is th e  percentage of 
foundry  w asters. A ru n  of obscure trouble in the  
foundry  is so often ru n  finally to  e a r th  in the  
quality  of th e  spelter and copper used th a t , 
generally  speaking, i t  pays on a ru nn ing  job to  
pay m ore for these m ateria ls and cu t o u t th is 
p o ten tia l source of troub le and loss from  the  
s ta r t.

Alloying.
Zinc is sim ple enough to  handle, being added 

d irec t to  the  melt. I t  should be added las t and 
s tirred  in, care being taken  to  avoid undue 
tu rbu lence  a t  th e  surface of the  m elt. Add about 
2 per cent, more th a n  is requ ired  in th e  final 
analysis, to  allow for oxidation  and volatilisation 
losses.

Copper is best added in th e  form  of a  rich 
alloy previously m ade up, and th e re  are  two good 
ways of doing th is . In  th e  first a known q u an tity  
of copper is m elted, and alum inium  is added to  it  
a li t t le  a t  a tim e u n tij a 50/50 alloy is obtained. 
S tir  thoroughly and pour in to  chill moulds. The 
resu lting  ingot m ay be added d irec t to  th e  melt 
in th e  correct proportion , w ithout ra is ing  th e  tem 
p era tu re  of same to  th e  high figure reached when 
copper is added d irect.

In  th e  second m ethod alum inium  and copper are 
melted in separa te  crucibles in  the  p roportion  of 
two to  one by weight. W hen molten th e  copper is 
poured in to  th e  alum inium , s tirred  in, and poured 
off in to  chill ingots. This gives an alloy w ith a 
copper con ten t of approxim ately  33 per cent. The 

eu tec tic  po in t of th e  copper-alum inium  system 
is approxim ately  32.5 per cent., and th is  composi
tion has th e  lowest m elting  point. As th is  is about 
535 deg. C., th is  rich  alloy will dissolve away 
almost im m ediately on being introduced in to  the 
melt, which is norm ally a t about 700 deg. C.
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C om paring th e  tw o m ethods, th e  la t te r  is 
probably a  needless refinem ent. The 50/50 
hardener functions adm irably in  p rac tice , is b r i t t le  
and easily broken up, is easier on th e  whole to  
calculate for vary ing  melts, and  does no t need th e  
m elting of so m uch alum inium  in  its  p rep a ra tio n . 
This la t te r  is q u ite  a po in t, because of th e  high 
la ten t h ea t of fusion of alum in ium  : i t  takes a 
lo t of fuel to  m elt a pound of alum inium , and  one 
therefore  tends to  avoid rem elting  th a t  pound.

Melting Practice.

This is th e  crux  of th e  m a tte r , and  if fu rnace  
hands are tra in e d  to  follow a few firs t princip les 
r ig h t from  th e  s ta r t ,  i t  w ill m ean m a te ria lly  less 
uphill work la te r  on. I t  is now generally  recog
nised th a t  alum in ium  canno t read ily  be  “  bu rned  ” 
in  th e  accepted sense of th e  te rm . This m ay also 
be accepted in reg ard  to  th e  common alloys of th e  
m eta l : th e  only dam age likely  to  occur in  th e  
case of the  alloys m entioned  being loss of zinc 
th rough  vo la tilisation . The m ere ra is in g  of tem 
p e ra tu re  does n o t appear to  affect th e  m eta l or 
its alloys perm anen tly  to  any appreciab le  ex ten t. 
W h a t does dam age th e  m elt is th e  e x te n t to  which 
i t  absorbs gases, which largely  hangs on th e  tem 
p e ra tu re  a tta in e d  and  th e  period d u rin g  which 
i t  is m a in ta ined  in  a m olten  condition.

T here is th is  fundam en ta l fa c t to  b ear in  m ind 
in connection w ith  alum inium  m elting. The 
m etal absorbs gases like a sponge a t  h igh tem 
pera tu res  : hydrogen, n itrogen  a n d  oxygen ; and  
th e  w orst of them  is oxygen. T he affinity of 
alum inium  for th is  gas is well know n ; i t  was th is  
fac to r th a t  caused th e  a b ru p t rem oval of th e  Mes
sines R idge from  the  p a th  of B ritish  troops d u rin g  
th e  w ar. I t  is th e  chief fac to r in  m ost in d u s tria l 
th e rm it reactions, and th e  chief obstacle to  be 
overcome in  w elding and soldering  th e  m eta l. In  
foundry  w ork i t  is handy  to  rem em ber one sm all 
fac t. I f  th e  film of oxide th a t  in s tan tly  form s on 
all alum inium  w ere no t a  sim ple and  effective 
check to  fu r th e r  action, th e re  would n o t lie an 
ounce of th e  m etal in  th e  world to -day  <

T he g rea t difficulty about a lum ina, o r oxide of 
alum inium , is th a t  i t  has m uch th e  sam e specific 
g rav ity  as th e  m elt: once s tirred  in  th e re  is no
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very effective m ethod of g e ttin g  i t  o u t again . On 
rou tine  production , therefo re , oxide w ith  its  d e tr i
m en ta l effects on castings tends to  accum ulate. I t  
can n o t en tire ly  be excluded, b u t i t  can be kep t 
w ith in  non-detrim ental lim its by following th ree  
sim ple rules.

Avoid Overheating and Overstewing.

The m elting  p o in t of these alloys ranges about 
650 deg. C . F o r general purposes i t  is seldom 
necessary to  go beyond 700 deg. C. This la t te r  
m ay be exceeded by a t  least ano ther 100 deg., pro
vided a tte n tio n  is given to  stewing.

A lum inium  should n o t be kep t in  a  m olten  con
d itio n  too  long. E ven a t  low tem pera tu res  
ox idation  is proceeding stead ily , b u t a t  a steadilv  
decreasing ra te  if  th e  su rface is le ft undistu rbed . 
The scum of oxide and  dross is th e  sim plest and 
one of th e  soundest checks to  fu r th e r  action, and 
con tinual skim m ing merely doubles o r treb les dross 
losses. "When th e  mould is ready  fo r th e  m etal, 
skim  th e  p o t thoroughly  and  s t i r  for a sh o rt tim e, 
ta k in g  care to  d is tu rb  th e  su rface  as li t t le  as 
possible. P o u r w ith  th e  sho rtest stream  and  the  
leas t possible tu rbu lence . Do n o t q u ite  em ptv 
th e  p o t : m inor foreign inclulsions, iron  complexes, 
sligh t scalings from  th e  sides of th e  pot, tend  to  
collect a t  th e  bottom . I f  they  go in to  a  good 
casting  th ey  m ay cause a weakness or a hard-spot 
on m achining. I t  is b e tte r  to  in g o t th e  la s t inch 
or so of m etal a t  th e  end of th e  day, and use i t  
for low grade  work. Obviously also i t  is b e tte r  to  
allow such inclusions to  sink  th a n  to  keep them  
up in  th e  m elt by con tinual s t i r r in g : an  additional 
reason fo r leaving th e  m elt-und istu rbed  n iltil ju s t 
before ladling.

Tem perature Control.

I t  will be seen from  th e  above th a t  success hangs 
on ra th e r  keener control of tem pera tu res th an  i6 
norm al o r necessary w ith brass. F o r th is  reason 
i t  is strongly  recommended th a t  m elting  should 
be u nder pyrom etric control, for th e re  a re  few 
m etals so difficult as a lum inium  to  gauge in 
m a tte rs  of tem pera tu re . The m ost experienced 
furnace h an d  will m ake a m istake on th e  first 
sunny  day  a f te r  a dull spell, and  i t  is wise to
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elim inate  as m any p o ten tia l sources of troub le  as 
possible from  th e  s ta r t.

The necessity for close control of tem p e ra tu re  
influences th e  choice of m elting  p lan t. T here  is 
no s tan d ard  fu rnace  for th e  m elting  of alum inium . 
O rd inary  brass fu rnace  house equ ipm en t produces 
thoroughly  good castings, b u t contro l being 
cumbersome, m ost founders sooner o r la te r  evolve 
a more readily  handled  type  for th e  lig h te r m etal.

F i g . 1 .— L i b e r t y  C r a n k  C a s e  s h o w i n g  t h e  
F o r e s t  o f  R i s e r s  u s e d  a n d  t h e  H o r n  
G a t e s .

W hether these a re  fixed or ti lt in g , employ pots of 
iron or plum bago, are fired w ith  gas, fuel oil 
or e lec tric ity , does n o t g rea tly  m a tte r  here. The 
im portance of these points lies in th e  d irection  of 
economy ra th e r  th a n  technical p reference, and 
they  a re  largely  settled  by local conditions, p e r
sonal prejud ice, or convenience of supply. The 
m ain  essentials a re  cleanliness, ease of control and 
reasonably rap id  m elting.

Plumbago Crucibles.
A lum inium  is perhaps preferab ly  m elted in  

plum bago crucibles because of th e ir  g re a t cleanli
ness I t  is very  difficult to  con tam inate  th e  m elt 
from  th e  walls of plum bago crucibles, and  for th is  
reason they  a re  used for very special work in con
nection w ith a ir -c ra f t castings and sim ilar high- 
g rade  products, such as are  shown in  F igs . 1 
and 2.



T h e . useful life  of plumbago crucibles is short, 
however, and th e ir  in itia l cost is high. The 
therm al conductivity , and  therefo re  th e  ra te  of 
m elting, falls off rap id ly  a fte r  a couple of weeks’ 
work. This happens long before the  crucible is 
mechanically worn tout, and i t  intrtoduces two 
fac to rs; firstly, e ith e r a sound pot m ust be re-
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F ig .  2.— Aluminium C astings fo r  tu e  
SlDDELEY-PuSÎA A ERO ENGINE M A D E  

FR0M 3L11 A lloy.

placed, or a heavy fuel-bill fa ced ; secondly, the 
tim e taken  to  effect m elting  becomes equivalent 
to  stew ing. A lthough a  new plum bago orucible 
does not con tam inate  the  m etal, therefore, i t  is 
w ith in  o rd inary  experience th a t  a fte r  a  few weeks’ 
service i t  can, in  effect, con tam inate  th e  m elt 
th rough  undue tim e  in  m elting  and consequent 
absorption  of gases.

By fa r  th e  g rea te s t proportion  of th e  world’s 
alum inium  castings is m elted in  iron pots. These 
are  relatively  inexpensive, give a  longer, useful 
life, and m elt a t  a reasonable and consistent ra te  
th roughout,
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Iron Pots.
From  th e  economical s tan d p o in t iron pots are  

im m easurably superior to  g rap h ite  crucib les; 
from  th e  technical p o in t of view they  have th e  
advan tage  of m elting  m ore rap id ly  th ro u g h o u t 
th e ir  useful life, and  so c u tt in g  th e  tim e  fac to r

F i g . 3 .— T i l t i n g  F u r n a c e  f o r  G a s  o r  
O i l  F u e l , u s i n g  P l u m b a g o  C r u c ib l e s  
( M o n o m e t e r ) .

in th e  m a tte r  of stew ing. This ad v an tage  is, how
ever, offset by th e  basic draw back of iron  in  
con tac t w ith m olten  m etal, th e  r isk  of ta k in g  u p  
iron in  th e  m elt.

Iro n  forms w ith  alum inium  and its  alloys h a rd  
complexes which crystallise  o u t in th e  form  of 
needles and  plates, causing  draw n and  cracked 
castings, local weaknesses, and  “ h a rd  s p o t s ”  on 
m achining, where th e  compounds have chipped off 
the  sides of pots and  gone in to  th e  castings. I t  
is therefo re  essential to  keep th e  iron  c o n te n t low 
in  th e  purchase of th e  ingot, and  to  add  as li t t le  
as possible in  th e  norm al ro u tin e  of th e  foundry .

This, fo rtu n a te ly , is re ad ily  m anaged by th e



coating of th e  pots w ith some n eu tra l wash, of 
which th e re  a re  m any available. Probably the  
m ost convenient is a th in  dressing of g raph ite  
wash, followed by a  th in  coa t of w hiting  and  
w ater glass. The pots should he thoroughly scaled 
a t  least th re e  tim es a week, and given a ligh ter 
coating  on th e  above lines. Do no t m ake e ither 
wash too th ick , or apply too freely, as th is 
increases th e  risk  of chipping off in to  the m elt. 
Needless to  say, th is  p recaution  applies equally to 
all iron  ladles, s t ir re rs  and skim m ers used in  
co n tac t w ith th e  m etal, and in connection with 
these i t  is well to rem em ber to coat them  well 
up  th e  handle.

Given th e  above precautions, applied rig id ly  and 
periodically, th e re  is li t t le  danger of any iron  of 
p rac tica l im port being tak en  in to  th e  melt. A part 
from th e  showing of daily analyses, th is  is proved 
by th e  life  of such a  po t set against th e  g rea t 
tonnage of m etal m elted du ring  th a t  l i f e ; iron 
pots p ractically  always fa il from  th e  ex terior, 
th rough  th e  action of fu rnace  gases. One fu r th e r  
po in t is to eschew th e  prac tice  of skimm ing 
crucibles, before pouring in to  moulds, w ith a ben t 
s tr ip  of iron. I t  is o ften  th e  handiest th in g , and  
may undo all th e  p recautions tak en  in  the  fu rnace  
house. A chip of wood is as effective, and does 
no harm .

The Reverberatory Type.
A th ird  basic ty p e  of fu rnace, deserving men

tio n  because of its grow ing popu larity  in regard 
to  alum inium  m elting, is the  reverberatory . In  
th is type  (F ig. 4) th e  flames im pinge 
d irec t on th e  m etal, and m elting  is very 
rap id . Since th e  fu rnace  consists m ainly 
of a cast-iron container lined  with firebrick, 
i t  is obviously cheap. The linings las t 
about a  year, and a re  easily renewed a t  low c o s t; 
th e  ty p e  is, therefore , economical in  upkeep. 
M elting is m ore rap id  th an  by any o ther m ethod, 
and h ea t losses are  a t a m inim um , so th a t  ru nn ing  
costs a re  low. Given a sligh t increase in  dross 
losses over th e  types previously described, the 
reverbera to ry  still rem ains th e  m ost economical 
in  fuel labour and upkeep charges of any of 'those 
in  common use, and , in  addition , i t  takes up  the 
least floor space for a given m elting capacity..
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T he reason th e  reverbera to ry  has no t super
seded o thers en tire ly , is simply the  fac t th a t  th e  
fu rnace  gases a re  in  d irec t co n tac t w ith  th e  m elt. 
In  th e  ligh t of previous rem arks any hesitancy to 
adop t the  ty p e  would ap p ear pardonable. T ha t 
th e  princip le  is no t necessarily de trim en ta l, how
ever, is ind ica ted  by th e  fa c t th a t  m any 
thousands of tons of alum inium  an d  its  alloys are

F i g .  4 .— M e l t i n g  F u r n a c e  o f  t h e  O p e n  
F l a m e  T i l t i n g  T y p e  ( S e l a s  T u r n e r ) .

m elted annually  in  reverbera to ry  fu rnaces of all 
capacities, and th a t  as fa r  as tensile  and  elonga
tio n  te s ts  carry  one, li tt le  difference is noted  
e ith e r way betw een m etal m elted  th u s  o r in 
plumbago crucibles.

I t  is b u t fa ir  to  hear in  m ind, w hen c ritic is in g  
th is ty p e  on theore tica l grounds, th a t  all a lu 
m inium  is m elted in th e  presence of some so r t of 
atm osphere, and  th a t  th e  reverbera to ry  alone 
offers a convenient and  reasonably precise control 
over th e  composition of th a t  atm osphere.

The ty p e  is n o t fool-proof. I t  will be seen th a t  
by m al-ad justm en t of the  burners i t  is q u ite  an 
easy m a tte r  to  produce an  oxid ising  flame, to  
reach h igh tem pera tu res  very rap id ly , an d  to 
soak th e  m elt fo r some tim e  u nder these highly 
de trim en ta l conditions. Given th a t  th is  is duly 
recognised, however, and th a t  th e re  is in te lligen t



supervision and  good fu rnace discipline, th e  rever- 
beratory  can give excellent and consistent tech
nical results on ro u tin e  general work, and there  
is no doubt as to its  economy.

The Im portance of Pouring Temperature.
W hilst em phasising th e  im portance of pyro- 

rnetric control of m elting, i t  will n o t he o u t of 
place to  refer to  th e  still more im portan t question 
of pouring  tem pera tu re . If a casting  is m elted 
and poured a t a  high tem pera tu re  i t  will probably 
tu r n  o u t porous under hydraulic te s t, o r even 
cracked. I t  will certa in ly  be “ draw n ”  where 
sections of d ifferent thickness meet, and it  will 
ce rta in ly  have a dull finish. T est bar resu lts  will 
be below par, and the average verd ict would be 
th a t th e  m etal had been “  b u rn t ”  in m elting.

This verd ict would be wrong, and i t  caii be 
proved by rem elting  th a t  casting  under controlled 
conditions and pouring  i t  again  a t  the  lowest tem 
p e ra tu re  a t  which i t  can be successfully run .

I f  th e  m etal has been correct from th e  s ta r t  i t  
will th en  be found th a t  th e  casting  is ne ith er 
cracked nor draw n, and th a t  i t  will s tan d  a 
reasonable hydraulic te s t and possess its specified 
physical p roperties. F inally , i t  will have 
recovered th a t  best p raotical 5ign of a well-run 
casting , a b rig h t silvery lu s tre  as i t  comes from  
th e  mould, all of which suggests thoughts which 
are usefully followed up. T here a re  th ree  m ain 
reasons for keeping th e  pouring  tem pera tu re  as 
low as possible.

Effect of O ccluded Gases.
F irs tly .—The m etal absorbs gases. These gases 

have a tendency to  leave th e  m etal as i t  cools. 
The lower th e  tem pera tu re , therefore , a t  which 
pouring occurs, th e  lower th e  volume of gas likely 
to  be frozen into th e  casting  when i t  sets.

Effect of Total Shrinkage.
Secondly .—The to ta l shrinkage in th e  mould is 

a function  of the  pouring  tem pera tu re . If , for 
instance, a casting  Were poured a t  1,000 deg. C., 
it  would have to  con trac t some 3^ per cent, before 
i t  reached 700 deg. C., which is a fa ir  average 
tem pera tu re  for pouring alum inium  castings. Thi3 
m eans feeding of an order which is seldom
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a tta in e d  in p ractice, and so one would get a 
casting  e ither cracked and  d raw n here and there , 
and  o r w ith an  open g ra ined  and  porous s truc tu re . 
In  a  m eta l like alum inium , w here th e  to ta l sh rink 
age is on th e  high side, th e  m ore one can  shave 
off i t  before i t  en ters th e  mould th e  b e tte r.

Effect of Slow Cooling.
T h ird ly .—The h o tte r  th e  m etal, th e  m ore it 

will h e a t u p  th e  surround ing  sand  before se tting . 
Thus th e  casting  will set more slowly th a n  it  need; 
i t  will ta k e  some tim e  passing th rough  its  solidifi
ca tion  range, and  th is  has a two-fold effect. In  
th e  first- place, th e  gases referred  to  above tend  
to  come o u t of solution ju s t  in tim e to  be frozen 
in to  th e  casting  in  th e  form  of m inute  pinholes— 
th e  “  speckey m etal ”  so fam ilia r to  alum inium  
founders, an d  th e  sub ject of m any quite unjust- 
accusations in  regard  to  lack of cleanliness in 
m elting  o r  th e  use of second-rate m ateria l. In  
th e  6eeond place, m etal which freezes slowly 
th rough  its  solidification ran g e  has a tendency 
to  form  la rg er crystals th a n  m etal ab rup tly  
chilled. B oth  effects m ake fo r a  more porous 
casting  th a n  would be obtained  by pouring  a t a 
lower tem p era tu re , which would allow solidifica
tion  to  occur very soon a f te r  the  m etal had 
reached its  appointed  place.

F o r th e  above reasons th e  pouring  tem pera tu re  
becomes a m a tte r  of first im portance, and on 
in tr ic a te  and  im p o rtan t work it  is recommended 
th a t  th e  best pouring  tem p era tu re  be found by 
experim ent, fixed fo r th a t  job. and checked every 
tim e" by a  pyTometer. T he effect of th is  on foun
d ry  ro u tin e  m eans a  definite sav ing  in  w asters.

The usual ty p e  o f iron-constant an pyrom eter, 
enclosed in an iron tube , is best fo r th e  rough 
hand ling  of a fu rn ace  house. F o r gauging  pour
ing tem p era tu re , however, th is  type  is too slow 
reading, and  an  o rd in ary  iron-constantan  couple 
w orks m ore sa tisfactorily , given reasonably 
carefu l hand ling . The tw o w ires a re  used bare, 
and  they  m ay be used th ro u g h o u t th e ir  leng th  if  
welded together from  tim e  to  tim e  as th e  junction  
burns away. W ith  th is  type  one precau tion  is 
necessary. The couple m ust n o t be immersed in 
th e  m etal to  any  dep th , o r th e  cu rren t is short- 
circu ited  by th e  m olten m etal and a false read ing
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resu lts . C arefully  sep a ra te  the  wires for four 
or five inches above th e  junc tion , and dip only the 
welded tip  in to  th e  m elt.

The substitu tion  of scientific control for the  
personal fac to r w herever possible certa in ly  lightens 
th e  task  of th e  m anagem ent, b u t is a fool’s p a ra 
dise unless th e  scientific ap p a ra tu s  employed is 
k ep t up  to  th e  m ark. Pyrom eters a re  notoriously 
frag ile  and capricious in s trum en ts , and in  th e  
foundry  they  receive m ore th a n  th e  average 
rough  handling . They should th e re fo re  be perio- 
dically checked against a “ m as te r,”  and  a wise 
o rgan isation  will see th a t  th is  “  m aster ”  is also 
checked for accuracy from tim e to  tim e, against 
some useful fixed s tan d a rd  such as th e  freezing 
po in t of pu re  alum inium  (658 deg. C .), and th a t  
of fused common sa lt (801 deg. C.).

SAND CASTING.

M oulding Practice.
Any good brass m oulder can mould for a im  

m inium  w ith  com plete success, an d  w ithout special 
knowledge of th e  m etal, provided th a t  th e  castings 
a re  of re la tively  sim ple design. As th e  w ork 
becomes m ore in tric a te , however, he will neces
sarily  m eet w ith  problems which follow n a tu ra lly  
from four charac te ristics of th e  m etal. They a re : 
—(a) The solid con trac tion  of th e  lig h t alloys ; 
(6) th e ir  weakness a t  h igh  tem p e ra tu re s ; (c) 
th e ir  h igh  crystallisation  shrinkage, and  (d ) th e ir  
low specific g rav ity .

S hrinkage and con trac tion  have been deliberately  
separa ted  in  th e  above, fo r g rea te r sim plicity  in 
explain ing th e ir  effect on m ou ld ing ’ p ractice .

Solid  Contraction.
T he p a tte rn  scale for 3L11 is one in  e igh ty-four, 

th a t  for 2L5 one in seventy-eight. I n  p ractice  a 
scale of one in  e igh ty  meets th e  case for all th e  
alloys referred  to. The solid con trac tion , th en , is 
on th e  high -side, though  in  itself insufficient to 
cause much troub le  were i t  no t fo r the

Weakness at High Tem peratures.
The com bination of th e  two fac to rs a t  once 

suggests th e  m ost obvious cause for cracked cast
ings. E qually  obvious, also, is the  rem edy. All
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cores and all sand re ta ined  by projections of a 
casting  m ust be ram m ed lig h tly ; as lightly  and 
evenly as they can be ram m ed w ithout collapse 
on h a n d lin g ,1 or when the  m olten m etal rushes 
in. Cores particu la rly  m ust crush easily. W her
ever possible they  a re  m ade of green-sand, not 
only because of th e  g rea t economy of th is medium, 
b u t also because a green-sand core is less rigid 
th an  any  other. To enable them  to  be handled 
w ithout fra c tu re  they  are  sprayed w ith treac le  
and w ater and skin dried w ith a floor torch.

Dry-Sand Cores.

W here delicate cores m ust be made and green 
sand is found too fragile, they may be e ither dry 
sand o r oil sand. D ry-sand cores should be used 
w ith reserve; they  do not “  give ” easily, and may 
cause cracked ca s tin g s ; they are, however, econo
mical and prac tica l in m any applications, provided 
th is po in t is borne in  m ind. Sea sand w ith a 
b inder which collapses easily when heated  up is 
generally  th e  be tte r, if th e  more expensive p ro
position. T here are  innum erable core b inders on 
the  m ark e t su itable for alum inium , and th e  main 
po in t to  w atch is re la tive  cost. A b inder which 
is cheaper in first cost th an  another, may be more 
costly in th e  end if  th e  second can he used w ith 
the  add ition  of fifteen p a rts  of w ater. A resin 
b inder is often advocated, because i t  softens under 
h ea t. I t  is no t popular w ith moulders, however, 
ou account of the  choking fumes set u p ; and it 
has a fu r th e r draw back in  the  g rea t difficulty of 
rem oving cores should th e  casting  happen to cool 
down before they  are  knocked out.

Probably th e  best all-round base for a core 
b inder is linseed oil, and a good mix is made as 
follows.:—E qual p a rts  of linseed oil and molasses, 
to  be used as to  one p a r t  of th is  m ix tu re  to  25 
p a rts  of dry  sea sand.

Vital Im portance of Light Ram m ing.

To m eet points (a) and (6), therefore, all th a t  is 
needed is th e  use of good, w ell-tem pered green 
sand, lightly  and evenly ram med, together w ith 
cores which, w hatever th e ir  design and th e ir  com
position, crush under h ea t w ith th e  m inim um  of
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effort. All th is  seems very simple, b u t one can
no t lay too m uch stress on th is  necessity for ligh t 
ram m ing.

One of th e  more useful po in ts in  regard  to  
m achine m oulding is ju s t th is  possibility of con
sis ten t ram m ing. The e x te n t of ram m ing neces
sary  for any p a rticu la r job may be found by ex
perim en t and fixed for th a t  job, and m ain ta ined  
th e re a f te r  w ith a reasonable consistency. Every 
founder knows th e  economic advantages of m achine 
m oulding. This p a rtic u la r  aspect of m achine 
m oulding, as applied to  alum inium , and as a 
useful fac to r in reducing w asters, is however w orth  
em phasising. I t  is one of th e  useful po in ts about 
alum inium  th a t  o rd inary  green sand, w ith its  
n a tu ra l clay b inder is th e  best of possible 
m ateria ls to  use, and  th a t  i t  can be used almost 
indefinitely. V ery gradually , th e  n a tu ra l b ind
ing effect of th e  clay con ten t wears off, and th is 
is best m et by occasional additions of new sand 
to  th e  old. The b ind ing  action  is, of course, 
b rough t about by th e  add ition  of w ater. How
ever, th e  add ition  of w ater m ust not be overdone, 
or blown castings will re su lt every tim e. The 
w ater is  best added w ith a good sprink ler to  th e  
heap of sand  hot from  th e  m ould, fo r th e  finest 
‘ ‘ tem pering  ’ ’ is effected by steam , not by drops 
of w ater.

C rystallisation Shrinkage.

This is the  shrinkage which takes place when 
th e  m eta l passes from  th e  liquid  to  th e  solid 
sta te , and should be d istinguished from  th e  solid 
contraction  which takes place subsequently in  the  
mould. F o r the  alloys discussed, th is  shrinkage 
is in  th e  neighbourhood of 7 per cen t., and since, 
of course, i t  takes place fa irly  abruptly , i t  ind i
cates th e  necessity for providing ample means of 
feeding th ick  sections, or a lte rna tive ly  of forcing 
them  to  cool a t  th e  sam e ra te  as th e  ligh ter sec
tions. The use of chills and risers is therefore  
more pronounced th a n  in brass p ractice, and both 
are  of heav ie r section.

I t  would be t r i t e  to  observe th a t  n e ith e r would 
be necessary given perfect ga ting , since perfec t 
g a tin g  is seldom or never possible of a tta in m en t 
in p ractice. Because a careful study of ga ting ,
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however, can resu lt in c u ttin g  th e  50 p er cent, of 
chills and risers, the  following h in ts  a re  sub
m itted .

Gating.
Since i t  is advisable to  fill th e  mould w ith  m etal 

a t  th e  lowest tem p e ra tu re  a t  which th e  casting  can 
be poured, i t  seems reasonable to  fill i t  quickly, 
and th is calls for gates of large capacity . Bv 
doing th is a pouring  tem p era tu re  m ay he used 
m any degrees lower th a n  by filling th e  mould 
slowly th rough  a small gate . By a large ga te  
however, we do n o t necessarily m ean one ru n n er 
of large c a p a c ity ; i t  is b e tte r  p rac tice  to use m any 
of sm all capacity  and d is tr ib u te  them  logically 
th roughou t the  mould.

I f  th e  mould is poured  rap id ly  a t  a low tem 
pera tu re , th e re  is risk  of en tra p p in g  a ir  which 
has no tim e to  escape before th e  m etal freezes. 
Hence a common source of blowholes, and  hence, 
also, th e  necessity for so designing ru n n ers  th a t  
th e  m inim um  of tu rbu lence  is set up  in  th e  in 
coming m etal. F o r th is  reason m any castings of 
re latively  flat design a re  best g a ted  from  th e  
bottom , so th a t  the  ris ing  m etal will c a rry  up all 
a ir  before it. B ottom  pouring , however, should 
be used w ith  d isc re tio n ; for i t  is c lear th a t  in 
th e  case of fa irly  ta ll castings th e  rising  m etal 
gives up a good deal of its  h e a t to  th e  su rround 
ing walls. The top  of the  casting , therefo re , is 
n o t only cooler th a n  th e  bottom , b u t i t  is also in  
con tac t w ith  cooler walls. Thus i t  m ust se t a t  the  
top  some tim e  before th e  bottom  freezes, condi
tions which a re  exactly  w hat one sets o u t to  avoid 
in  study ing  ga tin g  a t  all. Such a casting  will- 
ten d  to “  h an g  ”  in  th e  mould, and will tu rn  o u t 
porous, and /o r cracked. G ating  from  th e  bottom  
in such a case is also ex trav ag an t in w aste m etal 
in th e ,g a te .

The section of the  gate , where i t  jo ins th e  ca s t
ing, should be so ad justed  th a t  'it  invariab ly  
freezes a fte r  the  ad jacen t m etal in  th e  casting  has 
set. This, of course, varies w ith  every casting , 
like most o ther conditions of ga tin g , and  i t  does 
no t necessarily m ean th a t  th e  section of th e  ga te  
m ust be larger th an  th e  section it  is jo ined to ; th e  
sand in the  gate  is generally h o tte r  ' th a n  th a t  in 
th e  mould. I t  m eans th a t  the section m ust be



ad justed  u n til th ere  is no draw , or porosity in 
th e  casting  a t the po in t where i t  enters, and often 
enough a n y . such defect is a t  once rem edied by 
allowing a liberal fillet a t th a t  point.

F inally , as w ith all m etals, the ideal to  aim a t  
in g a ting  is so to  a rran g e  its design and disposi
tion  th a t  th e  casting  cools a t th e  same ra te  all 
over. This m eans so guiding the path  of the 
m etal th a t  heavy sections a re  filled w ith cooler 
m etal th a n  th in  sections, and needless to  say th is 
is seldom a tta in ed  in practice. I t  is because it  
is so difficult to approach with a m etal like alu- 

% m inium  th a t  resort is m ade to  the m akeshift com
promises of chills and risers.

Chills.
Chills a re  p rim arily  used to  ensure reasonably 

even cooling th roughou t a casting  of varied sec
tion . They a re  unnecessary in a  casting  of sub
s tan tia lly  th e  sam e section th roughout, provided 
a tten tio n  is . given to  logical ga ting , and to the 
provision of fillets a t  sharp  corners.

Chills are  useful for varied  purposes d istinct 
from  th e  above, such as the  rap id  freezing of a 
m achining s tr ip  to  ob tain  a close-grained, hard- 
w earing surface ; or th e  sim ilar tre a tm e n t of some 
local area  which m ust w ithstand  hydraulic tests 
w ithout leaking.

They m ay be of iron o r brass o r alum inium . 
The m ost satisfacto ry  are  of brass, discounting 
two m inor disadvantages : sligh t discoloration of 
th e  chilled area, and a tendency on th e  p a r t  of 
th e  chill to d isappear. The use of cast iron over
comes both objections, the  m etal function ing  quite 
well.

A tendency is noted to  place a chill prom ptly 
on some area  of a casting  which shows a crack ; 
th is  po in t should be w atched, because i t  is not 
always dbvious to  a m oulder th a t  th e  r ig h t spot 
to  chill, if any, is some th ick  section in th e  neigh
bourhood which is the prim e cause of th a t  crack. 
To chill th e  affected area  o ften  cures it, b u t almost 
invariab ly  sets up some stress or o ther which re 
su lts in  o ther cracks elsewhere, and gradually  100 
per cen t, m ore chills come in to  commission.

The use of chills should be avoided wherever pos
sible, if only because of th e ir  h ab it of “ sw eating ,”
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and causing blowholes and “  f la tte rs .”  Molten 
alum in ium  reac ts strongly  to  m oisture condensed 
o u t on the  surface of chills, and  th e re  is always 
a  tendency to  th is  in  a green-sand mould. I t  is 
a common slogan in  alum inium  p ractice  th a t  the  
moulds should w ait fo r th e  m etal, n o t the  m etal 
fo r th e  m oulds; and  th is  is sound enough advice. 
B u t if  th e  moulds con tain  m any chills an d  have to  
w ait for long, they  should n o t be closed up u n til 
th e  m etal is ready. There are  m any practica l 
dodges fo r checking th e  tendency for chills to 
sw eat, sm oking them  w ith  a tap e r , dusting  them  
w ith  F rench  chalk, sand-hlasting  them , and so on. 
The best rem edy is to  leave o u t th e  chills, if  good 
castings can be ob tained  by a tten tio n  to  gating .

Risers.
R isers a re  used prim arily  to  feed th ick  sections, 

such as bosses, etc., which ten d  to  solidify a fte r  
th e  surround ing  portions of th e  casting, thus se t
tin g  up draw s, local sponginess, and contraction 
stresses.

R isers serve also to  give free e x it to  th e  a ir 
from  a rap id ly  filled mould, to  b ring  up oxide and 
anv o th e r dross collected by th e  m etal. Occasion
ally they  a re  used to  keep an isolated th in  sec
tion  in  an otherw ise th ick  casting  “  live,”  u n til 
th e  rem ainder s e ts ; a function  which is th e  exact 
reverse of chilling.

Because of th e  high crystallisation  shrinkage of 
these alloys, risers are  used more freely, and of 
heav ier section th a n  is norm al in  b rass practice. 
As in  th e  case of chills, however, th e ir  employment 
can be overdone. The use of risers, th e ir  design 
and placing, deserves more logical consideration 
th a n  can be th e  case if th is  is le ft en tire ly  to  the 
moulder.

The best ga tin g  being adm itted ly  im perfect, a  
heavy section takes longer to  set th an  an ad jacen t 
light* section. The ligh t section in  freezing draw s 
m etal from  th e  s till m olten heavy section; the 
la t te r  sets in  its  tu rn , and m ust be fed by artificial 
means, n o t only aga in s t its own shrinkage, bu t 
also to  make up for th e  m etal tak en  from  i t  by the  
lig h t section. The necessity is shown in the  cast
ing by a “  d raw ,”  o r local sinking of th e  surface, 
and  to  cu re  th is  one “  feeds ”  th a t  section w ith  a 
riser or a shrinkage ball.
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A lternative ly  one may chill th e  section, and  so 
force i t  to  cool a t  th e  same ra te  as th e  th in n e r  
o n e ; b u t for th e  m om ent we a re  considering those 
cases w here, for one reason or ano ther, a rise r is 
p referred  to  a chill.

Now, th e  presence of a heavy riser, p roperly  
designed and  placed, w ill feed th a t  section o r boss 
very efficiently. I t  in troduces one fu r th e r  com
plication, however, in  th e  fa c t  th a t  i t  tends to

F io .  8 .— B r i d g i n g  i n  R i s e r  a n d  i t s  
E f f e c t  .

F i g . 9 .— I n v e r t in g  t h e  R i s e r  to  E n s u r e  
T h o r o u g h  F e e d i n g .

keep the  section m olten  for a longer tim e  th a n  p re 
viously. I t  will no t give a draw , because th e  sec
tion  is properly f e d ; w hat i t  m ay give, in some 
instances, is a s ta te  of stress in  th e  su rround ing  
p a r t of th e  casting , due to th e  solid con trac tion  of 
the  th ick  section tak in g  place a f te r  th e  th in  sec
tion  has already  con tracted  th rough  much of its 
range. In  a m eta l so “  ho t-short ”  as alum in ium  
th is o ften  leads to  cracks. The rem edy in  n ine 
cases o u t of te n  is to  use th e  riser, b u t to  chill th e  
section it is feeding, and to  chill i t  heavily to
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allow for th e  ex tra  hea t com m unicated by the 
riser.

The reason th is p o in t is b rought forw ard is 
because i t  is o ften  overlooked in  p rac tice  th a t  two 
d is tin c t factors have to  be fa c e d ; th e  crystallisa
tion  shrinkage, and  th e  subsequent solid contrac
tion . A due appreciation  of th is  will save much 
d isappoin tm ent to  those who, having duly placed 
a rise r to  m eet a local draw , ru n  in to  troubles 
w ith  cracks, th e  o rig in  of which is no t very 
obvious.

I ts  common sense is ind icated  by o ther considera
tions. M etal which comes up  risers has generally 
passed over much cold sand, giving up its heat 
en route. I t  is o ften , therefo re , o f lower tem pera
tu re  th an  th e  section i t  is designed to  fe e d ; it  
may freeze before th a t  section, and if th is  occurs 
th e  troub le  is accen tuated  ra th e r  th a n  m et. The 
rise r draw s m etal from  th e  sec tion ; i t  does not 
feed it.

This, in  fact, occurs more in  p ractice  th a n  would 
appear probable, and i t  is due to  th e  form of riser 
commonly used, which may be described as cone- 
shaped, w ith  th e  apex of the  cone resting  on the 
section to  be fed. There is no objection to such 
a form  beyond th i s ; th a t  i t  is obviously possible 
for th e  m etal a t th e  wide upper end to be “ live,” 
and to  sink as though i t  were feeding th e  casting, 
an  appreciable tim e a fte r  the  narrow  neck near 
the  casting  has set. The tendency for the  neck 
to set and to  cu t off any feeding action, has an 
analogy in  th e  “ b ridg ing  ”  seen in  steel ingot 
p ra c tic e ; both  have th e  sam e effect in  an en tire  
absence of feeding a t  a  tim e  when ex te rna l 
appearances give th e  im pression th a t  m atte rs  are 
proceeding according to  plan. (See F ig . 8.)

There are  two sound m ethods and  one bad one 
of ensu ring  th a t  a rise r is doing its  work as ind i
cated  by th e  m olten m etal above. The first is to  
chill th e  section to  be fed, and so force i t  to  set 
before th e  riser. The second is to invert the  
riser, so th a t  th e  base of th e  cone rests on th e  
job, n o t th e  small en d ; th is  gives sure feeding, 
checks any  tendency fo r th e  riser to ‘1 hang, ’ ’ in  
th e  mould, and m eans less m etal m elted for a 
given casting . (See F ig . 9.) I t  is no t always 
practicable, b u t where practicab le  is w orth try ing .
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A Detrimental Practice.
The bad m ethod is to  p ou r “  l i v e ”  m etal down 

th e  rise r as soon as th e  mould is full- This 
p ractice  is fa irly  common, and  follows on  an 
observed inefficiency of th e  rise r due to  th e  above 
causes. I t  should be thoroughly  d iscouraged as 
fa r  as alum in ium  is concerned. R isers b rin g  up  
w ith them , in  add ition  to  d ir t  and  dross collected 
by th e  m etal, a  fa irly  tough  skin  of oxide. P o u r
ing m etal down th e  rise r ca rries  th is  sk in , p rac
tically  unbroken, down in to  an  o therw ise sound 
casting . The presence of th e  “ seam ” th u s 
form ed is difficult to  trace , u n ti l some m ore or 
less im p o rtan t boss qu ietly  p a r ts  com pany w ith 
th e  casting .

The fa c t th a t  th is  does n o t always, or even very  
often  occur, is one of th e  w orst fe a tu re s  about 
th is type  of defect and  its  cause. I f  a casting  
broke every tim e  a  m oulder poured m eta l down 
a  rise r, few m oulders who d id  th is  w ould re ta in  
th e ir  jobs. W hen a casting  does b reak  on service 
owing to  a sk in  of oxide across a section, how
ever, th e  f ra c tu re  looks thoroughly  bad, th e  stress 
required  to  b reak  th e  castin g  can  be alm ost nil, 
and  “ a lum inium  ”  is w ritten  down as a 
treacherous m ateria l. The m ethod of its  m an ipu
la tion  is seldom b ro u g h t in question.

“ B lind ” risers have th e i r  d is tin c t technical 
advantages in  regard  to  some a lum inium  castings, 
besides th e  economical one of ta k in g  less m etal. 
Such risers a re  b lanked off a  few inches above 
th e  section they  feed, and  a ven t only is ca rried  
on to  atm osphere.

Porosity.
I t  is som etimes found in  p rac tice  on ce rta in  

designs of casting , th a t  w ith  th e  use of th e  best 
available m ateria ls , carefu l m elting  and logically 
considered feeding of th ick  sections, an  o therw ise 
sound casting  will n o t w ith stand  hydrau lic  p res
sure tests. Such a  casting  could, of course, be 
doped.

Since doping is a t  best only patchw ork, how
ever, i t  seems w orth  while to  inves tiga te  th is  
tendency to  porosity , and  given th a t  th e  above 
points a re  in order, in  n in e  cases o u t of te n  th e  
cause will be too slow cooling th rough  th e  solidifi
cation range.



This is best dem onstrated  by casting  a brick of 
th e  m etal in  sand. I f  i t  is sliced n p  and  one of 
th e  slices is used fo r a w ate r-tig h t door, i t  will 
be seen a t  once ju s t how w ate r-tig h t i t  is. If  
those sam e slices a re  m elted up and th e  m etal 
poured o u t in  a  th in  sheet on th e  floor, using 
the sam e pouring  tem p era tu re  as before, th e  
casting  should now hold a considerable pressure 
w ithou t sw eating. The m eta l is th e  same, and 
the m elting  and  pouring  tem pera tu res  th e  sam e; 
b u t i t  has cooled rap id ly  th rough  th e  freezing 
range.

T he m oral is th a t  th e  mould m ust n o t be 
heated  up  locally to  th e  ex ten t of losing its  chilling 
properties. W here th e re  is  ą  casting, such as a 
th in  sump designed to  w ithstand  pressure, and of 
a section which in  any case calls for high tem 
p era tu res  for successful runn ing , i t  will lead to  
porosity  if much m eta l is passed over th e  surfaces 
of th e  mould to  fill heavy and ta l l  risers. I t  is 
b e tte r  to  b lank them  off a t  th e  lowest p o in t a t 
which efficient feeding can be accomplished.

U sing the Inertia of Incom ing M etal.

Inciden tally , the  b lank ing  off of risers in tro 
duces one useful factor in  th e  production  of solid, 
c lean-cut castings. F o r th e  m om entum  of th e  
colum n of m etal in  th e  gates, b rough t ab ruptly  
to  a  standstill, in troduces a m om entary pressure 
of very sa lu ta ry  effect in th e  forcing o u t of 
occluded gases, and  in  pressing an already slug
gish m a te ria l in to  th e  finer corners of an in t r i 
c a te  mould. H ere  again , blind risers a re  not 
th e  panacea of all evils; they  a re  n o t even best 
p ractice  in a  g rea t num ber of castings. The above 
rem arks a re  h in ts, n o t rules, and a  good founder 
will know how to  in te rp re t them .

Low Specific Gravity.

T his final po in t of d ifferen tia tion  between a lu
m inium  and  th e  heavier casting  m aterials has 
as much influence on  methods used as any of the 
o thers.

The specific g rav ity  of th e  ligh t casting  alloys 
dealt w ith varies between 2.85 and 3.0, o r roughly 
one-th ird  th a t  of brass or iron. F rom  th is  turn 
po in ts a t  least arise
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The first is th a t  w ith m etal of so lig h t a w eight, 
ven ting  m ust be carefully  considered and 
thoroughly  carried  ou t. I f  th e re  is any 
appreciable back pressure on  th e  escaping 
gases they  will ten d  to  m ake th e ir  way to  atm o
sphere via th e  m olten  m eta l r a th e r  th a n  via the  
vents. This gives rise  to  blowholes, a n d /o r  to  a  
loose, porous, s tru c tu re  a t  some poin ts, ow ing to  
th e  m etal in th e  v icin ity  being k ep t in  con tinual 
ag ita tio n  w hilst passing  th rough  th e  freezing 
range. M etal which canno t solidify qu ietly  is 
spongy when cold.

Effect of the A ir Content in  the Sand.
T his fac to r is aggravated  in  connection w ith 

alum inium  by th e  necessity for lig h t ram m ing.

L igh t ram m ing  m eans a porous m ould and  core, 
and i t  follows th a t  th e  in terstices betw een sand 
partic les con ta in  in  th e  agg rega te  m uch a ir . D ry 
ing th e  mould helps only to  th e  ex ten t of o b v ia t
ing any action  of expanding  steam ; i t  does no th 
ing  to  m eet th e  necessity fo r th e  large a ir  con
te n t  in  th e  sand  to' expand  a6 i t  w arm s up . T ha t 
expand ing  a ir  m ust go som ew here; th e  po in t 
about w orking w ith alum inium  is th a t  th e re  \s 
much a ir  to  deal w ith, and  th a t  ow ing to  th e  
ligh t w eight of th e  m etal, th e  n a tu ra l tendency  
is for a ir  to  escape th rough  th e  s till m olten  
casting.

The sim plest illu s tra tio n  of th is  is given in  a 
casting  such as an  aeroplane engine sum p, on 
which th e  s ta n d a rd  of inspection is h igh, and 
which is polished all over th e  ex terio r. The obvi
ous m ethod to mould th is  is upside down, since 
th e  p a tte rn  leaves its  own core, which m ay th e re 
fore be of green sand. (See F ig . 10.) To avoid
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sagging of th e  core and d isto rtion  of th e  casting, 
the  flask would he firmly bedded on th e  floor. The 
effect would be an economical way of m oulding 
an extrem ely costly casting ; costly, because of the  
h igh percen tage of rejects for m inu te  blowholes 
and o ther surface defects, showing up a f te r  polish
ing.

I t  will be clear th a t  in  such a case a  very large 
volume of lightly  ram m ed sand is enclosed on five 
sides by a th in  sheet of molten m etal, and th a t

the  six th  side is practically  blanked off by the 
floor. Unless unusual precautions a re  taken  in 
regard  to ample vents, th e  casting  would be blown 
in nine cases ou t of te n  u nder such conditions. 
In  n ine cases out of ten  one would get a sound 
casting  if pouring  brass.

Two Alternatives.
If  th is  casting  were moulded w ith the  open side 

up (Fig. 11), i t  would mean a more costly job in 
th e  foundry  because of the  necessity of hanging 
the core in  th e  mould, and providing one which 
would hang w ithout sagging or frac tu re . Y et the 
au th o r would p re fe r th is  method to th e  a lte r
native  remedy (Fig. 12), supporting  th e  first



mould on a perfo ra ted  p la te  clear of the  floor, for 
two reasons.

I t  is possible to  g u a ran tee  a  sound casting , 
because i t  is known th a t  any  dust and loose sand 
collected by th e  m etal could no t float up  to  th e  ex
te r io r  and spoil a highly polished su rface  w ith  
m inor specks and  blemishes. Because th e re  a re  
m any sim ilar jobs m et w ith  in  p ractice , m eter 
cases, fuse-boxes, au tom atic  m achine p a r ts  and  so 
on, th is  one instance  has been d ea lt w ith  ra th e r  
fully. D ue recognition of th e  princip le  will save 
much troub le  w here th in , box-like castings a re  
being m ade, req u irin g  a  h igh  finish on th e  
ex terio r.

P ressure in  the M ould.
One fu r th e r  p o in t in  dealing w ith a m etal one- 

th ird  th e  w eight of brass is th a t  logically runners  
and  risers should be th ree  tim es th e  usual he igh t 
to  ob ta in  an equivalen t pressure in  th e  mould. 
This is alm ost always im practicable, b u t a th ick  
cope should be provided w herever economically 
possible.

The p rac tice  of pouring  from  a  heigh t to  obtain  
an artific ia l p ressure in  th e  mould is not one to  be 
encouraged w ith  alum inium . I ts  effect is best seen 
in  pouring  a glass of beer from  a he igh t. One 
certa in ly  gets a head on it. I f  n o t one tak es  vast 
care  in  re la tive  m an ipu la tion  of bo ttle  and glass. 
The sam e care in  reg ard  to  alum in ium  is notably  
absent. In  no case is th is  so rt of head w an ted  in 
alum inium , since i t  leads to  blowholes, porosity  
and  excessive dross. I f  e x tra  pressure is w anted 
in  any given casting , th e re  is only ope way of 
g e ttin g  i t  in norm al foundry  rou tine , by increasing  
th e  h e igh t of th e  runners , and  e ith e r  by b ring ing  
th e  risers up to  th a t  h e igh t or b lank ing  them  off 
as previously described.

Fixing Height of Pouring.
This po in t has received fa r  closer a tte n tio n  in 

th e  S ta tes  th a n  in  th is  country , and th e re  are  a t  
least two methods in  fa irly  extensive use, aim ing 
a t  ensuring  a reasonably equal r a te  of pou ring  
th ro u g h o u t a co n trac t and  so c u tt in g  o u t th is  
much a t  least of th e  p revalen t personal elem ent. 
The first is to  fix th e  pouring  h e ig h t by m ech
anical means, or by res ting  moulds on g irders, etc.,
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a t th e  n a tu ra l he igh t a m oulder will pour from. 
The second method lies in using a simple oil-sand 
s tra in e r  in th e  gate , pierced w ith four o r five 
holes pbout th e  size of an o rd inary  pencil. The 
p rim ary  use of such a s tra in e r  is its su rp ris ing  
capacity  for holding up dross and  a ir  bubbles 
which would otherw ise be in jected  into the  mould. 
I t  serves a second useful purpose, however, in 
regu la ting  the  flow of m etal in to  th e  mould over 
a g re a t num ber of sim ilar castings, even though 
the m oulder may ten d  to  vary  pouring  h e igh t and 
ra te  from casting  to  casting . I f  such variable fac
tors as these are  fixed as fa r  as possible inm dvance, 
much tim e is saved in exploring an unnecessarily 
wide field when troubles occur.

U se of Snap-flasks.
The above parag raphs ind ica te  the m ain diffi

culties arising  o u t of th e  low w eight of alum inium  ; 
before closing th is  section we would m ention one 
advantage. Because th e  m eta l exerts  so little  
pressure on th e  mould, a g re a t range of p a rts  can 
economically be moulded in  snap-flasks. This 
method economises in moulding boxes and labour 
of handling , and provides alm ost ideal n a tu ra l 
venting .

A lum inium  M oulding Boxes.
M oulding boxes are  p ractically  always made of 

a lum inium  re-m elted skimm ings and sw arf in  alu
m inium  foundries; they  are  lig h t to  handle, cheap 
to  machine, p ractically  un b reak ab le ; w hilst in 
emergency they  can always be m elted down and 
run  into low-grade castings.

Clean F inish .
F or a clean w hite finish, th e  moulds and cores 

are  dusted over w ith  e ither F rench  chalk, or a 
m ix ture  of th is  w ith g rap h ite . Lycopodium is also 
extensively used. G raph ite  by itself tends to  give 
a dull finish.

K nocking out, and when to  do it, is a question 
for ind iv idual experience on p a rticu la r castings. 
The contraction  and hot-shortness of th e  ligh t 
alloys suggest th e  desirab ility  of releasing cores 
as soon as possible. The hot-shortness, plus aver
age foundry handling, suggest leaving well alone.

I t  is so easy to  dam age castings slightly when
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they  are  a t  a high tem pera tu re , th a t  one should 
modify the accepted rule, th a t  they  should be re
moved from  th e  sand as early  as possible. I t  is 
suggested th a t  where castings show cracks, however 
rap id ly  the cores are  released, i t  m igh t be a good 
plan  to  leave them  in th e  mould over-night. _ I t  is 
possible th a t  th e  cracks m igh t th en  be conspicuous 
by th e ir  absence.

D resjing.
D ressing, in the  case of a lum inium , is a m a tte r  

of pecu liar ease. G ates and risers a re  quickly cu t 
oil by a band saw, and  if  they  a re  so placed th a t  
a band  saw can cu t them  close to  th e  casting , 
th e re  only rem ain  th e  usual th in  flashes, chill 
m arks, and  so on, to  be dressed by an  em ery wheel, 
o r by chisel, ham m er and  file.

W here a p a rticu la rly  well-finished job is required , 
e ith e r sand-b lasting  o r bobbing w ith  a w ire brush  
are  recom m ended. A w hite m a tt  surface is ob
ta in ed  by d ipp ing  in  h o t caustic  soda, n eu tra lis 
in g  by a dip in  weak n itr ic  acid, w ashing 
thoroughly  and drying. S and-b lasting  by itself 
gives a fine grey m a tt finish, and  if rib s and le t te r 
ing  are  th en  h ighly  polished a very  good effect is 
obtained by th e  co n tras t of the  silver aga in s t th e  
grey. The polishing of num erous sm all castings is 
read ily  accomplished by tum bling  w ith  steel balls, 
a t some sligh t cost of clean definition.

Salvage, R eclam ation and Repair.
M any otherw ise clean and  sound castings are  

m arred  by some sm all blowhole o r crack , or locally 
fa il to  w ithstand  hydrau lic  p ressure te s ts  w ithou t 
sw eating. In  m ost cases such work can be m ade 
perfectly  good by soldering, welding, doping or 
caulking.

Soldering.
This is in no case recom m ended excep t where 

the defect does no t in  any  case affect th e  service
ab ility  of th e  casting , and where th e  cav ity  can 
be so u n d ercu t th a t  th e  solder w ill n o t te n d  to  
come o u t w hether th e re  is an ac tua l “  jo in t ”  
betw een i t  and th e  casting  or not.

There a re  now solders on  th e  m ark e t fo r a lu 
m inium  which can be gua ran teed  to  give a good, 
s trong  jo in t, given a tten tio n  to  d irections fo r use. 
There is none in  which a perm anen t jo in t can b©
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guaran teed , under all conditions of service. Most 
available solders for alum inium  p a r t  company w ith 
th e  job they  a re  used on in  a very short tim e, 
hence th e  need for und ercu ttin g . Soldering of alu
m inium  should be regarded in  th e  lig h t of a den tal 
opera tion  only; a filling for appearance’s sake, not 
an engineering  job.

Welding.

All the  alloys dealt w ith  m ay be welded w ith an 
oxy-aeetylene ap p ara tu s in the  norm al m anner,

F ig . 13.—London Genepal Omnibus 
Wheels made from Aluminium 

Alloy.

w ith or w ithout a flux. I t  is safer to  pre-heat 
th e  easting  before welding, o r contraction  stresses 
m ay be set up and resu lt in  serious cracks. I n t r i 
cate  and highly stressed castings are  best annealed 
afterw ards for a couple of hours a t  about 350 to 
460 deg. C., and allowed to cool off in a ir, b u t th is 
is a needless refinem ent in  the g rea t m ajo rity  of 
castings in  general rou tine  production.

A flux is useful for dissolving the  inevitable 
oxide film, the  m ain obstacle to  the  flowing 
together of the  casting  and welding stick. In  nor
m al practice, however, a flux is seldom necessary, 
th e  film being removed by puddling  w ith the  weld
ing stick. The la tte r  should be of th e  sam e com
position as the  casting, and if casting  and stick

2a



706

are b rough t toge ther in th e  flame so th a t  they  are 
locally a t  th e  p o in t of fusion, th e  oxide film may 
be scooped off by th e  stick  in  th e  presence of a re 
ducing flame, and  a good weld obtained . In  some 
respects welds ob ta ined  th u s  a re  p referab le  to  those 
ob tained  w ith a flux, for if th e  la t te r  is used too 
copiously and  le ft in  the  weld i t  can cause trouble 
la te r  on.

F i g . 1 4 .— L a r g e  J a c k e t t e d  C h e m i c a l  
P a n s  C a s t  i n  P u r e  A l u m i n i u m .

Cracks a re  o ften  superficial only, and  m ay be 
deeply grooved along th e  line  of th e  crack and 
welded up in  a couple of m inutes. I f  th ey  go 
r ig h t th rough  th e  casting , th e  la t te r  is best 
scraped. I f  a crack  r ig h t th rough  th e  casting , how
ever, does n o t necessarily affect its  u ti l i ty  for th e  
job, d rill a  in . hole a t  each end, groove deeply 
on both sides of th e  casting , and weld up th e  whole. 
Blowholes, draw s, cracks, insufficient m achin ing  
allowances and so on, can all be d ea lt w ith  rap id ly  
on these lines. W elding sticks a re  availab le  in  
which no flux is found  necessary, and w hich p ro 
duce a weld ra th e r  s tronger th a n  th e  re s t of the  
casting .
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Plugging.
P lugging  is resorted  to  on m achined castings, 

etc., on  which i t  is n o t desirable to  risk  
welding, w ith its  possibility of d is to rtion  o r 
con traction  stresses. Blowholes are perm an
en tly  filled by drilling , tap p in g  an d  plug
ging. '  C racks m ay also be sim ilarly  d ea lt 
w ith ; a  hole is drilled  a t  one end, tapped  and 
p lu g g ed ; the  cen tre  of th e  n ex t hole is on the  line 
of the  crack a t  th e  circum ference of th e  first plug, 
and  so on, progressively to  th e  end of th e  crack. 
Such a rep a ir takes less tim e th a n  would be 
im ag in ed ; i t  p reven ts th e  crack developing 
fu r th e r, sets up no stresses in th e  casting, and is 
s trong  as regards in te rn a l pressures. I t  is, in  fact, 
used to a considerable ex ten t in  the  repairs of 
cracks in steam  boilers.

Caulking and Peening.
A ligh t planishing of surface defects, superficial 

cracks, draws, local sponginess, sand and  chill 
m arks, e tc ., is readily  carried  o u t w ith  a round
nosed ham m er o r caulking tool. As long as th e  
defects so tre a te d  are  re la tively  simple, defects of 
appearance ra th e r  th a n  of s tren g th , th is  is a rap id  
and useful m ethod of dealing w ith them . The ex 
te n t to  which caulking is carried  out, however, 
should be under co n tro l; i t  is possible to  in troduce 
incalculable stresses in  a casting  by “  draw ing up 
cracks o r sand holes by heavily spreading the 
neighbouring m etal.

Doping.
Slightly porous castings can be m ade to  w ith

s tan d  hydraulic  pressure w ithout leaking by 
doping w ith w ate r glass under pressure, preferab ly  
hot. The casting  is th en  washed ou t and dried.

The ¡use of w ater glass (sodium silicate) is liable 
to  set up sligh t in te rn a l corrosion of the  m a te r ia l; 
i t  is on th is fac t, indeed, th a t  its  action  in  closing 
th e  pores of a casting  depends. W hether such cor
rosive action m atte rs  or not in  p rac tice  has y e t to  
be decided. In  th e  m eantim e a very  excellent 
su b s titu te  is o rd inary  linseed oil, in troduced 
under pressure, d rained  thoroughly o u t of the cast
ing, and stoved for an hour or two. This dope 
is as effective as w ater glass, and has no so rt of 
corrosive a c tio n ; i t  tends, in  fac t, to  p ro tec t the

2a2
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casting  aga in s t corrosive action . I t  tends to  slog 
th e  o rd inary  hydraulic te s ting  pum ps, and  for 
th is reason the cleaner w ate r glass is p referred . 
If  th e  casting  is filled w ith  the oil, however, and 
a ir  pressure applied, or th e  o rd inary  w ater pum p 
connected up, th is  objection will largely  be m et. 
Thére is no need actually  to  pum p th e  oil.

Some in d u s tria l w aters appear to  have much 
th e  sam e effect as w ate r glass, in se ttin g  up ju s t 
sufficient corrosion to  close up a porous s tru c tu re . 
W here th is is th e  case, te s tin g  w ith  ta p  w ate r and 
se ttin g  aside w et for th e  n ig h t m ay do as much 
good as a delibera te  doping operation , o r as much 
harm .

I f  a casting  requires doping m ore th a n  once 
before i t  will s tan d  up to  th e  requ ired  pressure 
w ithout leaking, i t  is advisable to  scrap it. Such 
porosity carries w ith i t  poor physical p roperties, 
and  th e  necessity for much doping or otherw ise is 
a sound ind ication  of th e  s tren g th  of th e  casting .

Fusion W elding.

Much subsequent pa tch in g  and w elding is 
avoided if a close sc ru tin v  is k ep t on castings as 
they  are knocked out. W hilst the  casting  is s till 
a t a high tem p era tu re , sligh t m is-runs, m alform a
tions, sand-holes, cracked ribs, e tc ., m ay be made 
good by so-called “ b u rn ing  on .”  Sand is rap id ly  
b u ilt up around  the  defect, and a channel for over--* 
flowing m etal provided. M etal is poured  in  u n til 
p a r tia l fusion of the  affected area  takes place, 
when th e  oxide film is puddled off and  a sound 
weld is obtained. Excess m etal is quickly scraped 
off, and finishing left to  th e  dresser.

Fusion welding is much p rac tised  in th is 
country , not only in salvage of sligh tly  affected 
castings, b u t for m ajo r rep a irs  on large c ran k 
cases, replacem ent of broken bosses, and  so on. 
F or th e  process i t  m ay be said th a t  th e  opera tion  
is rap id  and cheap, th a t  i t  in troduces no fac to r 
like dissolved gases in  th e  weld as is, th e  case w ith 
oxy-acetylene, and th a t  a weld m ade th u s  by an 
expert is difficult to  d is tingu ish  from  ” th e  
rem ainder of the  casting  on m icro-exam ination . 
As carried  out by a m an who u nders tands th e  
problems involved, using th e  sam e m etal as th a t
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in th e  casting, and keeping a good flow of i t  over 
th e  defect u n til all traces of oxide are washed 
away, such welds are  en tire ly  reliable. W here 
they  are  carried  out haphazard , on a nearly  cold 
easting, w ith too li tt le  puddling or too g rea t an 
economy in  th e  m eta l poured, they  can he a source 
of weakness which is difficult to  trace  u n til th e  
casting  breaks on service.

Recovery of Waste M aterial.
All foundries inevitably produce a ce rta in  per

centage of by-products or scrap m ateria l, and

F ig . 1 5 .—Bottom H alf Crankcase of 
“ Cub ”  Napier.

alum inium  foundries a re  no exception. I t  is the 
aim of good foundry  m anagem ent, of course, to 
keep th a t  percentage as low as possible, and also 
to  e x tra c t the  u tm ost useful yield from  such 
waste m ateria l as is found unavoidable. This 
m ateria l m ay be roughly classed as u n d e r :— •

(а) Large Scrap .—M is-run or cracked castings, 
runners and risers, clearance strips, e tc ., heels 
from  pots.

(б) Spillings and Splasliings.—The inevitable 
resu lt of much ladling from  m elting pots to
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crucibles, and of carry ing  th e  la t te r  th ro u g h  a 
crowded foundry .

(c) Sh im m ing  s.— T he  dross and  scum removed 
from  the  surface of m eta l ju s t  before lad ling  from  
pots or pouring  from  crucibles in to  th e  m ould.

(d) Saw ings .—The heap of partic les which col
lects beneath  th e  band-saws.

(e) G rindings .—The fine d u s t from  em ery hobs 
which collects in  th e  d u st ex trac to rs .

W ith  reg a rd  to  (a) and  (b), these  m ay  be 
re tu rn e d  to  th e  pots in  cu rre n t use for castings 
of th e  second grade, re la tive ly  unstressed  work. 
The only p recau tion  obviously necessary is th e  
separa tion  of any  d ir t,  sprigs, or o th e r fo reign  
m a te ria l ta k e n  up  from  th e  floor hy spillings. 
Lack of care  in  th is  respect is one of th e  causes 
of “  h a rd  spots ” encountered  d u rin g  m ach in ing  
castings.

Shim m ings  consist largely  o f m etallic  alloy con
ta in in g  m uch e n tra in ed  oxide, fo rm ing  a stiff lace 
netw ork o r spongy mass, and  p reven ting  ready  
fusion of th e  m etallic  con ten t. T he in troduc tion  
of abou t J  p e r cen t, hy w eigh t o f zinc chloride 
liberates th e  m eta l, enab ling  th e  oxide to  rise , if 
som ew hat unw illingly, to  th e  su rface  as a  fine 
dusty  powder.

In  large p lan ts  skim m ings a re  tr e a te d  in  an 
iron po t by them selves. As each charge of newly 
m elted alloy reaches its  teem ing  tem p e ra tu re , th e  
skim m ings from  all pots in  tu r n  a re  deposited  in 
one ad jac en t m elting  pot. H ere, on a tta in in g  th e  
r ig h t tem p era tu re , flux is added and  s t ir re d  in, 
th e  po t tem porarily  closed, and  th e  dross allowed 
to  rise fo r skim m ing off. A lm ost th e  whole of 
the  m etallic con ten t is recoverable by th is  m ethod.

Machine Swarf, Sawings and Other Fines.
These a re  th e  bete noir  of th e  foundrvm an, and  

if n o t logically tre a te d  th ey  m ay be a" con tinua l 
source of loss. The ex te n t of th is  loss m ay n o t be 
apprecia ted  in  m any cases, since i t  is n o t very 
widely know n how, w ith  a l i t t le  th o u g h t anil 
trouble , th is  class of m a te ria l m ay be m ade to  
yield a h igh  percentage of reclaim ed m etal.

Some foundries sell all fines to  m etal m erchants, 
a method of disposal which fo r sim plicity  cannot



well be im proved upon. The m arket ra tes o b ta in 
able are , however, low, and  i t  is largely on th is 
account th a t  a ttem p ts  a re  m ade to  reclaim  
saw ings, e tc ., which ten d  to  ru n  in to  la rge  figures 
on a heavy weekly o u tp u t.

Any a ttem p t to  m elt down fines d irect in  bulk 
is doomed to  fa ilu re  a t the  outset from  th e  po in t 
of view of economy. A m om ent’s consideration of 
th e  conditions will ind ica te  th is . Each and everv 
pa rtic le  in  th e  mass of saw ings is coated w ith  a 
th in  b u t tough  skin  of oxide. By ra ising  th e  tem 
p e ra tu re  of th e  mass sufficiently, th e  m etal 
w ifhin th a t  oxide sk in  m ay well be b rought to  a 
m olten condition. T hat, however, is a m a tte r  of 
tim e and of high tem pera tu re , because of th e  essen
tia lly  low therm al conductiv ity  of such a  m ass; 
and  both  tim e and  tem p era tu re  a re  all th a t  are  
needed to  th icken  th a t  oxide skin, and  to  make i t  
increasingly difficult fo r th e  extrem ely lig h t drop 
of m olten alloy to  break  th rough  i t  and fuse w ith 
th e  nex t. A t a  tem p era tu re  of 850 deg. C. th e  
finer saw ings begin to  b u rn  actively, as seen by 
th e  b rillian t glow which s ta r ts  in  patches here 
and  there . I f  th is  action  is allowed to  continue 
th e  whole mass is quickly converted to  oxide. Y et 
in  th e  d irec t m elting  of fines i t  is difficult to  get 
any change in  th e  charge a t  all unless th is  tem 
p e ra tu re  is approached.

The add ition  of large percentages of zinc 
chloride assists m atte rs , b u t w hatever flux is used 
th e  tendency  to  ox idation  in  th is  process is 
extrem ely m arked. In  o ther words, tim e, labour 
and  m elting  charges a re  largely  expended in  con
v e rtin g  a po ten tia lly  valuable m ate ria l in to  one 
which can be dug up in  any back garden.

F o r th is  reason i t  is m ore general p ractice  to  
provide a  good heel of already m olten alloy in  th e  
pots, in to  which th e  lower layers of fines a re  
forced by th e  w eight of th e  charge above. The 
insidious danger of th is  m ethod lies in  th e  very 
fac t th a t  it  is such an  im provem ent on th e  first 
m ethod and  th a t  th e  value of th e  m etal recovered 
generallv  exceeds th e  sum  obtainab le  for th e  
sw arf itself. Thns the  system appears economical 
en o u g h : th e re  is a tendency  to  ta k e  w hat the 
gods provide and  to  re s t on one’s oars.

Y et th e  to ta l yield aga in s t th a t  theoretically  
possible is invariab ly  low : there  are indeed cases
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o i l  record where th e  to ta l w eight of m etal 
recovered has been no more and no less th an  th a t  
of th e  orig inal heel w ith which the  long and costly 
operation  was s ta rted . I t  cannot be too strongly  
em phasised how read ily  tines are converted to 
oxide, and how easy i t  is to  reach tem pera tu res a t 
the  bottom  of th e  pot which will tend  also to 
oxidise th e  heel. I f  th is  same heel were system 
atically  weighed before each reclaim  m elt were 
s ta rted , th e  n e t  effect would often  be found dis
appoin ting ly  low a fte r  “ ru nn ing  down ” a large 
q u an tity  of sawings.

In  foundries having a  keen and in telligen t 
executive th is  factor has received due recognition 
for some tim e, an d  as a resu lt of m uch p a tien t 
experim ental work in th is  country  and in America, 
a  m ethod of dealing w ith  sawungs and sim ilar 
sw arf has been developed which does reclaim  a 
high percentage of th e  m etallic content.

Briefly, th a t  m ethod consists in  providing a 
m olten heel as usual, b u t in add ing  th e  fines only 
in  small quan tities a t  a  tim e, and puddling each 
qu an tity  thoroughly in to  th e  heel before adding 
more.

Now, to  rabble these sawings in to  a m olten heel 
of .metal m ay be com pared w ith pushing cork 
packing in to  a bowl of m ercury w’ith  a  p en c il: an 
in trig u in g  proceeding, b u t very unproductive of 
useful resu lt. F o r th is  reason the heel is kep t a t 
round about 670 deg. C ., or in a pasty  condition. 
The partic les are brought to  th is pasty  condition 
by in tim ate  con tac t w ith th e  heel, and th e  oxide 
skin is broken down by sheer m echanical abrasion. 
In  o th e r words, the  partic les a re  welded in to  the 
mass, a t  a tem p era tu re  a t  which welding best 
takes place and rap id  oxidation does not.

The sawings are introduced l i tt le  by little  and 
th e  mass steadily  puddled, u n til all oil is b u rn t 
off, th e  oxide skin  broken down, and the particles 
jo in  the  growing solid mass of th e  heel. I f  the 
la t te r  gets too liquid , drop in a lump' of large 
scrap. W hen i t  gets too large for convenient 
m anipulation , allow th e  tem pera tu re  to  rise u n til 
th e  mass is thoroughly  fluid, s t ir  in from  ^ to 
] per cent, of zinc chloride and im m ediately skim. 
Ladle in to  chill moulds leaving enough in the  heel 
to  recommence operations, drop in a lump of scrap 
to  reduce th e  heel to  a  pasty  condition, and s ta r t  
again.
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A word in  reg a rd  to  those skim m ings. I f  they  
are  stacked  in piles in tense h e a t is shortly  
developed, bu rn ing  o u t any zinc con ten t, convert
ing an y  m etallic  shots to  oxide, and  generally  
reducing th e  value of th e  m ate ria l. W hen th e  
po t is skimm ed, therefo re , sp read  th e  skim m ings 
o u t a t  once on th e  floor o r on iron  p lates, so as to  
force i t  to  cool rap id ly . W hen cool, a considerable 
am ount of m eta l m ay be ridd led  o u t of th is  
m ateria l and re-charged for m elting . The final 
dross, ridd led  free of m etallic  co n ten t of any 
im portance, is a  saleable com m odity to  in d u s tria l 
chem ists a t  a few shillings a  ton , which is ju s t  
b e tte r  th a n  hav ing  to  pay e ith e r r e n t  for dnm ping  
or f re ig h t charges fo r c a r tin g  away.

The percen tage recovery by th e  above m ethod is 
rem arkably  h igh , b u t th e  best resu lts  a re  only 
ob tained  if  sawings, e tc ., a re  k e p t reasonably 
clean. The presence of oil and  grease are  p rac
tically  unavoidable: th ey  a re  used as lub rican ts  
in  saw ing. A ce rta in  am ount of d u s t is also 
unavoidable: b u t if  a  labourer is allowed to  sweep 
saw ings r ig h t across a shop to  a  g enera l heap, 
he will collect much d ir t  and foreign m a tte r  which 
is wholly avoidable.

This method needs co n stan t a tten tio n , an d  th e  
critic ism  which m ay be urged ag a in s t i t  is cost 
of labour. I n  ac tu a l p rac tice  labour costs are 
li t t le  affected as com pared w ith  any proceeding 
m ethod, w hilst th e  yield per cent, in  reclaim ed 
ingo t amply com pensates fo r an y  e x tra  troub le  o r 
supervision. The need fo r con tinual pudd ling  
renders i t  impossible to  use a lid on th e  po t, and 
although from  a technical s tan d p o in t th is  is n o t 
serious, because of th e  low tem p e ra tu re  employed, 
from the  hum an p o in t of view a  word should he 
p u t in fo r th e  operator. I t  is very desirable in  
the  in te rests  of health  to  use a  well cowled fu rnace  
for th is process, and  to  see th a t  chim ney capacity  
and surround ing  ven tila tion  are  beyond reproach.

G rindings, from  em ery wheels and  buffs collect 
in th e  receivers provided, to g e th er w ith  m uch fine 
abrasive m ateria l. The m etallic  con ten t is in  an 
extrem ely finelv divided sta te , and is difficult to  
deal w ith bv anv known m ethod su ited  to  foundry  
rou tine . This m ateria l is best sold to  chemical 
m anu factu rers for w hat i t  will fetch, fo r recovery 
o r conversion by chemical processes.
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SUMMARY.

The foregoing h in ts  on th e  peculiarities of ligh t 
alloys, and  how th ey  may be d ea lt w ith  in  the  
foundry , touch only the  fringe of th e  subject. 
L ike th e  w arn ings and  hieroglyphics th a t  p las te r 
th e  highways, however, th ey  will seem as compli
cated  to  th e  ty ro  as they  m ay be alm ost ir r i ta t
ingly superfluous to  th e  expert. Y et those same 
road  signs are  regarded  by novice and experienced 
m otorist alike w ith  due respect, and so th e  world 
becomes a  li t t le  safer for democracy. And th a t  is 
all th a t  is aim ed a t.

Obviously alum inium  castings a re  produced 
successfully from  one y ear’s end  to  ano ther by 
men who never bo ther th e ir  heads about specific 
g rav ity , and  who have never heard  of crystallisa
tio n  shrinkage. T here are  castings produced in  
thousands which a re  poured  down one hole in  th e  
cope, and th a t  hole becomes th e  so lita ry  rise r: 
and th ey  are poured from  re-m elted Zeppelins o r 
p a rts  of subm arines sunk in  th e  early  p a r t  o f the  
la te  w ar, regardless of chemical composition, con
te n t of alum ina, regardless of any th ing  beyond 
cheapness of raw  m ateria l and  saleability  of th e  
finished artic le .

I t  is to  th e  c red it of alum inium  th a t  such cast
ings do sell, and  th a t  th ey  do qu ite  o ften  stan d  
up to  th e ir  job. I t  d iscredits alum inium  when one 
casting  fails to  stand  up to  th e  service i t  was 
designed for.

L igh t casting  alloys a re  a t  least a s  reliable as 
any o ther eng ineering  m ateria l, given a tten tio n  
to  th e  above p o in ts ; no alum inium  casting  need 
ever fail in  service, given reasonable design for 
th e  job in  hand , and  care fu l in te rp re ta tio n  of th e  
in structions we have given. The advantages which 
accrue from th e  use of reliable alum inium  cast
ings a re  so strik in g , th a t  a li tt le  o rganisation  on 
th e  above lines will weU repay those who care to 
tak e  th e  necessary trouble.

Advantages of A lum inium  Castings.

The m ost obvious advan tage  is th e  w eight reduc
tion . This m eans p rim arily  th a t  where one buys 
enough m etal to  make a brass casting  th e  same 
w eight will m ake th ree  alum inium  castings. In  
addition  th e re  is lower handling  and freigh t charges
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and so 0 11 . The economical po in ts a re  now fa irly  
generally  recognised. W liat is n o t qu ite  so gener
ally recognised is th e  value of low w eight tech 
nically, in  th e  case of p a rts  which m ust be 
accelerated rap id ly  and b rough t to  an  a b ru p t 
standstill. As, for instance, in  large quick-break 
switch p a rts , in  which simple alum inium  castings 
have been known to  s tan d  up w here h igh  tensile  
bronze castings failed .

The speed of m achining possible w ith  th e  alloys 
re fe rred  to  is notoriously h ig h : an  economical
fac to r in  an  age when tim e is money.

The finish obtainable on lig h t alloy castings is 
a t  least equal to  th a t  of brass and  incom parably 
superior to  iron. A polished surface on alum inium  
is as beau tifu l as one of brass, and i t  la s ts  longer. 
This p a rticu la rly  applies to  castings exposed to  
sulphurous fum es o r an  a tm osphere of b u rn t gas. 
Gas fittings, for exam ple, -when m ade in  any of the  
above alloys, n e ith e r ta rn ish  nor corrode in  th e  
unsigh tly  m anner seen in  b rass fittings.

F inally , a ll th e  alloys ou tlined  m ay read ily  be 
die-cast in cheap cast-iron  chill moulds, g rav ity  
poured by unskilled labour'.

The economical value of d ie-casting  need n o t be 
undu ly  stressed  here, since i t  is so w idely ap p re
ciated. I t  is so generally  recognised th a t  th e  die- 
casting  of brass has received close and  costly 
a tten tio n  of la te , while in  th e  S ta te s  a t  leas t one 
firm produces iron  castings from  perm an en t 
moulds.

N e ith e r in  b rass nor in  iron, however, is th e  
operation  carried  o u t w ith  th e  ex trem e fac ility  
seen in  alum inium , no r do th e  dies cost so li tt le  
o r la s t so long. W here g re a t num bers of sm all 
p a rts  to  th e  same design are  required , th e re  th e  
u ti li ty  of an easy d ie-casting  m edium  is m ost 
em phasised. A nd in  th is  th e  alloys of alum inium  
excel.

W asters a re  cu t to  a  m inim um , m ach in ing  is 
largely  e lim inated  o r is simplified by ease in 
jigg ing , a large o u tp u t m ay be stead ily  m ain ta in ed  
from a very small floor space, and th e  s tren g th  of 
th e  casting  is ra th e r  b e tte r  th a n  from  a sand  
mould. No m ateria], su itab le  as a su b s titu te  for 
brass in general eng ineering , offers these econo
mical advantages except alum inium .
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London Branch.

PATTERN SHOP AIDS TO FOUNDRY  
PRODUCTION.

By F . C. Edwards, Associate M em ber.
The popular conception of a pattern-shop, as a 

place where p a tte rn s  are  made to given drawings, 
is only tru e  in p a r t .  I t  implies th a t , in making 
p a tte rn s , finality  is a tta in ed  when agreem ent is 
secured between p a tte rn  and draw ing. A more 
mischievous h a lf-tru th  would be difficult to find !

The misconception m ight safely be ignored, bu t 
for the  fac t th a t  i t  frequently  invades the  p a tte rn - 
shop itself. H ere, by confining th e  a tten tio n  
of otherw ise sk ilfu l craftsm en too completely to  
th e  relationsh ip  of p a tte rn  and draw ing—thus 
obscuring the need for th a t  special equipm ent 
which enables a p a tte rn  to  fulfil its  rôle as a tool 
for the  production  of castings—it  imposes 
g ra tu itous handicaps on th e  foundry.

A ctually th e  pattern-shop , as th e  in term ediary  
between th e  designer and th e  foundrym an, func
tions as a tran s la to r. And ju s t as the lite ra l tra n s 
lation  of a foreign language is often  crude and 
meaningless, so a p a tte rn  may be such a perfect 
reflection of the  b lue-p rin t as to  be, in service, 
a very im perfect—or even useless—medium for the  
production of castings. Som ething more, indeed, 
th an  th e  shaping of m ateria l to  conform w ith the 
b lue-p rin t (adm ittedly , an a r t  in  itself) is re 
quired of the  pattern -shop . I t  should presen t the 
designer’s idea w ith  such plus or minus m odifica
tions as will fac ilita te  its safe transfo rm ation  in to  
the actual casting.

This predicates th e  existence of ce rta in  con
ditions. Of p rim ary  im portance is the sp irit of 
co-operation, which should actively perm eate both 
departm ents. B oth the  pattern-shop  and the 
foundry, of course, have th e ir  own peculiar p ro 
blems, th e  solving of which requ ire  th a t  long p er
sonal experience which alone can  provide a reliable 
basis for sound judgm ent. And although, up to  
a point, they  may be regarded  as separa te  un its ,



i t  is only th rough  th e ir  harm onised efforts th a t  
th e  way to  general efficiency lies. Such a  sp irit 
emboldens the  foundry to  express its  troubles, 
and to  suggest rem edies—th u s  ex ten d in g  the
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horizon of the  pattern-shop . G radually  the  la t te r  
acquires th e  foundry  po in t of view. I t  realises 
th a t  a p a tte rn  should no t only m easure up cor
rectly , b u t m ust subm it to  a h igher te s t, th a t  of 
its  behaviour in  th e  foundry .

Such an  atm osphere prom otes th e  exercise of 
pattern-shop  in itia tiv e . I f  th is  is to  function



efficiently, however (since i t  may involve some 
d ep a rtu re  from  th e  b lue-prin t), th e  n a tu re  of the 
service for which th e  castings are required  should

be clearly understood. No rad ica l divergence from 
design beyond recognised lim its, hav ing  th e  com
plete  acquiescence of th e  draw ing office—is here 
suggested. The designer’s idea is most likely to  
succeed when the  pattern-shop  is au fa i t  w ith the
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actual requirem ents of the  castings. For i t  should 
be rem em bered th a t  questions affecting tap e r , 
fillets, clearances, m achining operations, e tc ., are

F i g . 6 .

continually  calling fo r reasoned decisions on the  
p a r t of the  pattern-shop .

W hen these conditions are  fulfilled pattern -shop  
aids to  foundry  production  should be abundan tly  
forthcom ing. The p rin c ip a l sources a re  as
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fo llow :— (1) R einforcem ents in p a tte rn  construc
tion as preventives against p a tte rn  shrinkage, 
w arping, o r ram m ing o u t of shape; (2) correct

F ig . 7.

jo in tin g  of p a tte rn s , to fac ilita te  moulding, and 
to obviate, as fa r  as possible, unsightly  jo in t 
m arks on the  c a s tin g ; (3) th e  judicious employ
m ent of cores in o rder to  elim inate difficult jo in t
ing  operations and draw backs; (4) the  provision
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of ample bearing  surfaces for cores, and the  
generous em ploym ent of side ta p e r  on core p rin ts  
to  obviate mould d istu rbance on th e  w ithd raw al 
of th e  p a tte rn , and  to  prom ote accuracy of core 
lo ca tion ; (5) th e  adoption  of easily-recognisable 
varia tions in  th e  form s of eore-prin ts employed for

F ig . 10.

sim ilar, though  n o t iden tical, co-res; (6) -the 
lim ita tion  of sm all loose pieces, so fa r  as p rac
ticable, and, where unavoidable, such pieces to  
be held in position by dovetails o r o th e r su itab le  
methods as will render th e  loose pieces proof 
aga in s t displacem ent by ra m m in g ; (7) fac ilities 
for rapp ing  and w ithdraw ing  p a tte rn s  from  th e  
mould.



723

Pattern Reinforcem ent.
An exam ple of p a tte rn  reinforcem ent is seen in 

1'ig- 1, which represents a  p a tte rn  of a m outh
piece ring . The job is moulded as shown, and 
leaves its own core. Lugs A A are  required  to  
be cast on opposite sides of th e  ring . The body of 
th e  p a tte rn  is b u ilt up of segm ents. A bead, 
which is required  round th e  bottom  edge, is seen 
w ired on in loose sections.

Now if th e  lugs A were separately  a ttached  to  
the  com paratively th in  wooden ring , they  would 
probably become loosened by rapp ing  and p a tte rn  
w ithdraw al a f te r  one or two castings had been

F i g. 11.

made. I f  th e  moulder continued to  use the  
p a tte rn , fu r th e r  castings m ig h t be rejected  
because of th e  lugs being b en t o u t of th e ir 
required plane. In  such a case all risk  of lug 
displacem ent may be elim inated , and the  moulder 
perm itted  to  rap  away to  his h e a r t’s content 
w ithout fea r of reprisals, if both lugs are formed 
from  one continuous piece of wood, B, extend
ing from  side to  side of th e  rin g  and b u ilt into 
th e  body of th e  job. The oonnecting piece B is 
well tap ered , and is “ stoppered ou t ”  of th e  
mould a f te r  th e  p a tte rn  has been w ithdraw n. An 
inciden tal advantage of th e  connecting bar is th a t 
i t  conveniently carries a rapp ing  p la te  C. The 
outside bottom  edge of th e  body of th e  p a tte rn  
is sligh tly  recessed 'so as to  form  a  shoulder for 
the bead.
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I t  is sometimes possible to  a rrange  reinforce- 
m ent members in such a m anner as to  reduce, or 
to cu t out completely th e  w ork of stopping-off. 
An exam ple of th is  k ind is illu s tra ted  by F ig . 2, 
where th e  st-opped-off reinforcem ent is rep re 
sented by th e  sectioned s trip s  D. If  such a 
fram e were sen t in to  th e  foundry  w ithou t some 
form  of stiffening 'beyond th a t  supplied by the  
shape of the  requ ired  casting , i t  would need very 
special care and a tte n tio n  on th e  p a r t  of th e  
m oulder to  p reven t d is to rtion  or f ra c tu re  of the  
p a tte rn  a t  th e  corners w hilst th e  job was being 
ram m ed up. I t  w ill he noted th a t  in te rn a l 
recesses E  are  cored o u t in each side of th e  fram e. 
Such th ickened portions form  ideal anchorages 
for p a tte rn  reinforcem ents. The s tr ip s  D are  
inserted  well in to  the  body of each block and are  
stopped o u t autom atically  when th e  cores E  are  
placed in  position. The extension  F , i t  m ay be 
observed, is a con tinuation  of th e  cen tra l re in 
forcing bar, halved in to  each end block. W ith  
the reinforcem ent arranged  as shown, i t  is p rac
tically  impossible to  ram  th e  p a tte rn  o u t of the  
square, and  th is  w ith  no add ition  to  m oulding 
operations.

W herever ba tten s are  used to  reinforce a weak 
p la te  ( i t  is understood, of course, th a t  th ey  should 
only be resorted  to  when o ther m ethods of con
struc tion  fail to  give th e  necessary support), they  
should he placed on th e  bottom  side of th e  
p a tte rn  as moulded. I f  placed on th e  top  side, 
they  m igh t probably be in the  way of th e  mould- 
ing-box bars, besides en ta ilin g  more or less risk  
in stopping  off.

Pattern Suitability  for M oulding.
Before proceeding w ith the  construction  of the  

p a tte rn  th is  p o in t should be definitely se ttled . 
N othing h inders foundry  production  m ore th an  
a p a tte rn  made th e  wrong way for m oulding. In  
cases where any considerable p a r t  of th e  p a tte rn  
projects in to  the  cope, th e  p a tte rn  should he 
jo in ted  and dowelled along th e  p lane d iv id ing  th e  
cope from  th e  drag. This enables th e  top  p a r t  of 
the  p a tte rn  to  be lifted  up w ith  th e  cope. W hen 
the  la t te r  is tu rn ed  over, th e  p a tte rn  can be 
w ithdraw n as easily as its co u n te rp a rt in  the  
drag. I t  should be rem em bered, however, th a t



725

th e  m oulder p refers to  have as much as possible 
of th e  job in  th e  drag. F o r th is  reason i t  is 
som etimes advisable to  build  the  m ain body of 
the  p a tte rn  in  one piece, and to  dowel on loosely 
such bosses o r b rackets th a t  unavoidably project 
in to  th e  cope.

Cylindrical Patterns.
W hether cylindrical p a tte rn s  should be jo in ted  

to  mould “  on th e  f la t,”  i.e.. along th e ir  axial 
plane, or “ on e n d ”  will depend upon: (1) the  
requirem ents of th e  casting, and (2) upon th e  
m oulding boxes available for th e  job. The 
pattern -shop  can best serve th e  foundry, in these 
cases, by m aking inquiries before proceeding w ith 
the  p a tte rn . Cylinders, ram s, etc., will generally 
requ ire  an extension to  form  the  “  feeding 
head ”  a t  th e  end of th e  p a tte rn  proper which 
is in tended  to  be top  as cast. This should be 
bu ilt in  as p a r t  and parcel of th e  p a tte rn . I t  
should be of ample proportions according to  the 
size of th e  job. One should e rr on th e  large  side, 
as i t  is qu ite  as easy to  c u t off a  head, say, 12 in. 
long as i t  is to  c u t off one, say, 8 in . As to  th e  
best shape of riser head, th ere  is some difference 
of opinion am ongst foundrym en. The au thor, 
however, lias found th a t  th e  best resu lts accrue 
from  th e  em ploym ent of a swelled feeding head, 
sim ilarly  as shown in F ig . 3, in  preference to  a 
perfectly  s tra ig h t o r p la in  tapered  head.

Replacem ent of Drawbacks by Cores.
W here cores are used on th e  outside of a cast

ing as alternatives, say, to  drawbacks, th e  shape 
and ex te n t of th e  eorepoint will o ften  determ ine 
w hether such cores are  to  serve as aids o r as 
hindrances to  th e  foundry. This is especially 
applicable in dealing w ith green-sand moulds. 
For even if th e  core fits the p o in t perfectly , and 
is qu ite  flush w ith th e  mould, the  casting  may 
exh ib it different surface levels consequent upon 
the difference in th e  re la tive  hardness of the  
dried  core and  th e  green-sand mould respectively.

A case of th is  k ind  is illu stra ted  by F ig. 4. 
H ere  G represents a  fram e casting  as moulded. 
A recessed panel is required  in one side as a t  H . 
This, of course, may e ith e r be cored ou t o r taken 
ou t w ith a draw back. C oring is the  sim pler method
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for the  foundry . The co rep rin ts m ay be arran g ed  
in one of th e  th ree  m ethods shown respectively 
a t  J ,  K , and L, which rep resen t cross-sections 
through  th e  panel po rtion  of th e  p a tte rn . In  
the case of J ,  th e  m oulder would e ith e r jo in t 
down to  th e  level of the  top  of th e  p o in t M or 
cu t away th e  mould to  allow of th e  w ithdraw al 
of th e  p a tte rn , and subsequently  m ake up th e  
mould a fte r  th e  core had  been placed in  position. 
I t  is obviously b e tte r  to c a rry  th e  p o in t to  the  
top of th e  job, as shown a t  K . This does no t 
exhaust th e  available aids. F o r if th e  p o in t is 

i m erely carried  down to  the  bottom  of th e  recess, 
the  lower edge of th e  casting  N —form ed as i t  is 
from  th e  green-sand mould—would m ost likely be 
found very uneven. The best k ind  of p o in t is 
th a t  as shown a t  L, w here th e  core ex tends th e  
full dep th  of th e  job. In c iden ta lly  n e ith e r th e  
p a tte rn  nor th e  corebox is appreciably  m ore diffi
cu lt to  p repare  th a n  in  e ither of th e  o ther 
methods.

Balancing Cores.
A dequate bearing  su rface  fo r cores also m a te ri

ally aids foundry  production . W here a core is 
likely to  “ t i p ,” th e  m oulder is compelled to  use 
chaplets, sprigs, etc. This m eans loss of tim e, 
in  add ition  to  th e  increased risk  of scrap , on 
account of th e  presence of ohaplets. A very 
simple exam ple is seen in  F ig . 5, w hich rep re 
sents th e  long itud inal section of a dead-end 
cylinder. The p a r t  of th e  core P , which takes a 
bearing  in  th e  point, should be heav ie r th a n  th e  
portion  overhanging in  th e  m ould. This renders 
the core completely self-supporting . The ta p e r  Q 
is a fu r th e r  aid  ; i t  fac ilita tes th e  w ithd raw al both 
of p a tte rn  and core. M oreover, w ith  an  over
hanging  p rin t—i.e ., one la rg er th a n  th e  d iam eter 
of th e  casting , such a job could be moulded 
and  cast on end, th e  overhang ing  portion  Q 
tak in g  th e  bearing.

In  large, heavy cores, even w here bearing  su r
faces a t opposite sides of th e  core ru le  o u t all risk  
of “ tip p in g ,” i t  is m isguided economy to  save 
wood by c u tt in g  down th e  th ickness of th e  p rin ts . 
F o r although th e  m oulder m ay ram  u p  iron  p lates 
on th e  bearing  edges of th e  p r in ts  to  o b ta in  a 
firmer bearing  for th e  core, th e  w idth  of th e  core
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bearing  itself—unless th e  moulder takes an tic i
pa to ry  m easures to  increase th e  bearing—will 
rem ain  th a t  as determ ined by th e  p rin t. This, in 
heavy work, should not be less th a n  3 to  4 in .’ or 
even more.

Coring-up a Box-like Casting.

By adop ting  m ethods for e lim inating  risk  of 
e rro r in  coring up  moulds, th e  pattern-shop  may 
save m uch w aste of tim e  in  th e  foundry, besides 
an  occasional batch of scrap castings. The mere 
rem oval of doubt, indeed, as to  th e  correct loca
tio n  of cores, m ust ten d  to  expedite  production. 
The exam ple illu s tra ted  in  F ig . 6 rep resen ts a

box ”  casting , in  which slo tted  bearings are  re- 
quired in each corner sim ilarly, as shown a t  R . 
Now, th e re  are  a t  least th ree  m ethods in  which 
these bearings can be form ed in  th e  box. Single 
slo t co rep rin ts could be employed, as seen a t  S. 
One objection to  th is  m ethod is, th a t  if  even the 
p r in t  im pressions in the  (green-sand) mould were 
exactly  as th e  p a tte rn , th e  m oulder m igh t no t 
m ain ta in  th e ir  correct a lignm ent in  coring up the 
job. Moreover, they  come in  th e  cope.

An im provem ent on th is  m ethod is to  extend 
th e  co rep rin t r ig h t across from one bracket to  
th e  o ther, as seen a t  T. In s tead  of two separa te  
cores, th e  slots a re  now formed by one continuous 
core; th e  correct a lignm ent of th e  bearings is 
m ain tained , and th e  cores re s t securely in  the  
drag .

There is, however, room for fu r th e r  im prove
m ent. I t  will be seen th a t  th e  space, IT, between 
th e  end brackets and th e  side of th e  fram e is very 
restric ted . Such a  s tr ip  of green sand would re 
quire to  be very securely “  rodded ”  to  preven t 
its becoming dislodged as the  job was being poured. 
This risk  could be elim inated  by the  adoption of 
p lain , block co rep rin ts in  each corner of the  box, 
as seen a t  V, and m aking  a  corebox to  suit. To 
add fu r th e r  refinem ent to  th e  job, th e  coreprints 
could be arranged  to  b ring  all th e  cores identical, 
i.e .. made from  one corebox. The slots, of course, 
would be formed in  th e  brackets, as p a r t  and 
parcel of each core—not as separa te  cores. An 
inciden tal advantage is th a t  such block p rin ts  
add considerably to  th e  stren g th  of the  p a tte rn .
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M oulding a Bearing Fram e.
T hat the  overhauling of long-established m ethods 

in th e  ligh t of advanced practice generally  yields 
profitable results, is as tru e  for th e  pattern -shop  
as i t  is for any o ther branch  of eng ineering . 
Figs. 7, 8 and 9 illu s tra te  a typ ical case in po in t. 
In  F ig . 7 is seen p lan , side elevation, and  deta ils 
of a bearing  fram e. Cored recesses con ta in ing  
»dotted brackets, E , a re  requ ired  a t  each corner 
and a t  th e  cen tre  of each side.

The p a tte rn  was o rig inally  m ade w ith  core
p rin ts  p ro jec ting  from  th e  inside of th e  fram e 
(shown sectioned in p lan). I t  should be noted, 
th a t  a t  each corner of the  fram e, betw een the  
edge of the  co rep rin t and th e  side of th e  fram e, 
th e re  is a space, F . As in th e  previous exam ple 
(U, F ig . 6), such a space n o t only causes e x tra  

'w o rk  fo r th e  m oulder, b u t m ay be a  source of 
scrap. The cores were m ade o u t of th e  boxes 
shown in F ig . 8. S lot cores were m ade from  the  
sm all box, dried, and afterw ards in serted  in to  th e  
p r in t  im pressions form ed in th e  large  core by th e  
plugs X. This involved fu r th e r  risk  of scrap 
owing to  th e  possible m al-alignm ent of th e  slot 
cores. T he 'm ethod  reigned, however, und istu rbed  
for years.

An im proved m ethod consists of squaring  up  the  
ends of the  brackets, E, as shown a t  G, F ig . 7 (a 
perm issible a lte ra tio n  to  design), which allows of a 
sim pler core being m ade and  the  offending core
p rin ts  e lim inated . The corebox is shown in F ig . 9, 
The brackets a re  jo ined th rough  the  slots, which 
enables th e  la t te r  to  be form ed as p a r t  and  parcel 
of th e  m ain  core. This obviates th e  risk  of in 
correct a lignm ent of th e  slot cores. The ends of 
th e  b rackets, being squared, favour th e  absence 
of p rin ts , an d  th e  m oulding trouble a t  F  au to 
m atically  d isappears. The bottom p rin ts  a re  re 
ta ined , of course. These, in conjunction  w ith  th e  
inside wall of th e  mould, aga in s t which th e  cores 
rest, are found to  provide adequate  bearing  su r
face and sup p o rt for th e  cores.

Cores to be D istinguishable,
In  those cases w here two or more cores in the 

same job are  ap p aren tly , though  n o t actually , 
identical, th e  pattern -shop  should tak e  especial
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Care to  d ifferen tia te  clearly between th e ir respec
tiv e  coreprin ts. I t  should no t be necessary for the  
m oulder, say, to  oompare cores, to  m easure them ,
o r to  tr y  them  aga in s t th e  mould in  order to
determ ine th e ir  correct location; a t the  first
glance, he should be able to  select, from a num ber
of cores, th e  p a rticu la r one he may require for 
any p a r t  of th e  mould. Such locating  features 
should be arranged , of course, so as n o t to  en ta il, 
in  themselves, any  ex tra  work in moulding or core
m aking.

The sim plest locating “ p o in t,” both for dis
tingu ish ing  between cores, as well as for ind icating  
th e ir  individual o rien ta tion , is th a t  commonly 
used w ith  the  square, or rec tan g u la r p rin t, as 
seen a t  H , F ig . 10. .The corner removed should 
be sufficiently large to  avoid possible confusion 
w ith those accidentally  rubbed off the  core by 
h a n d lin g : i t  should be definitely d istinctive. A 
corresponding corner piece m ust be arranged , of 
course, in th e  corebox-

An Exam ple.
How a more com plicated job may be dealt w ith 

is seen in Fig. 11. H ere a circular casting  con
ta in s  variously-shaped in te rn a l brackets and 
bosses. The inside of th e  mould is formed in  eigh t 
sections of core. W herever th e  sections are 
identical, th e  same locating fea tu re  is employed. 
Differences, however, are  clearly reg istered  by 
locating features, which differ, both in shape and 
size, to  such an ex ten t, th a t  the re  is no t much 
fear of wrong core location . F o r instance,- since J  
is longer th an  K , and K  is th icker th an  J ,  these 
cores cannot be in terchanged w ithou t cu ttin g  
away th e  mould. The tw o cores, L, being in every 
respect identical w ith  each o ther, are given 
iden tica l locating features. These, again , are 
easily seen to  differ from  those of M ; the  la t te r  
being a projection  on th e  core, and the  form er a 
recess. I t  should be noted, in passing, th a t  ample 
bearing surface is provided for the cores.

The g re a t possibilities of the  oil-sand core open 
up ano ther field of aids to foundry  production, 
which th e  pattern-shop  will do well to  explore. 
The sim plicity w ith which these cores are made, 
and the  com paratively  short space of tim e re
quired for d ry ing  even the largest core, added
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to  th e  fa c t th a t  they  m ay be b u ilt in to  a  green 
sand m ould several days before castin g , w ith  
im m unity  from  m oisture effect, places them  in  an 
altogether d ifferen t category  from  th a t  of th e  old, 
dry-sand core when th e  question arises as to  th e  
advisability  o r otherw ise of em ploying cores to  
save difficult jo in tin g  operations, o r to  form  deli
cate p a rts  of th e  mould which are  likely to  b reak  
away w hilst th e  p a tte rn  is being w ithdraw n.

E lim inating M ould R epairing.
An exam ple of th e  la t te r  k in d  is il lu s tra ted  by 

Figs. 12, 13, 14 and  15. F ig . 12 rep resen ts  the  
end of a cast-iron  bearing  fram e, 16 ft . long, 2 ft. 
wide, an d  7 in . deep. The p a tte rn , as o rig inally  
made, is seen in  F ig . 13, w hich exp la ins th e  
m ethod of m oulding. The to p  of th e  job in  th e  
figure—which is th e  side as moulded— is tak en  
aw ay by m eans of a  specially-constructed draw 
back box. W ith  reg a rd  to  th e  end , i t  w ill easily 
be realised th a t  a f te r  th e  p a tte rn  has been given 
the  necessary rap p in g  to  enab le  i t  to  be w ith 
draw n, th e  mould, especially betw een th e  core
p rin ts  and facing  s trip s , p resen ts a  very  dejected 
appearance. E ach  end  m ight possibly ta k e  half- 
an-hour to  rep a ir. M oreover, th e  d is tu rbed  p r in t 
im pressions would th en  form  very  unreliab le  
guides fo r th e  slot cores.

W hen th e  p a tte rn  is a rran g ed , as in  F ig . 14, 
th e  ends of -the fram e, being  m ade up  as p lain , 
w ell-tapered blocks, they  n o t only requ ire  much 
less care in  ram m ing  up  th a n  those as shown in 
F ig . 13, b u t easily  w ithd raw  from  th e  m ould w ith 
o u t causing any  d is tu rbance  w hatever. This 
m eans th a t  m ending-up is n o t requ ired . F u r th e r , 
instead  of h av ing  to  place th e  th ree  slot cores 
separately  in  th e  repaired  p r in t  im pressions, th e  
moulder has b u t one brick-like core to  handle. 
The box for th is  core is shown in  F ig . 15. I t  will 
be noted  th a t  the  slot cores a re  m ade as p a r t  and 
parcel of th e  la rge  core. No v a ria tio n  can th u s 
occur in  th e  cen tres of th e  holes.

M ade in oi 1-sand, 'th is  core can be produced in 
th e  tim e  previously occupied in  m ak ing  th e  -slot 
cores alone. Inc iden ta lly , these cores a re  m ade 
w ithou t being vented. Two add itional ad v an 
tages of th e  block core m ethod, as shown in  
F ig. 14, a r e :— (1) S tronger p a tte rn  construction ,



and  (2) th e  corebox can be used for o ther p a tte rn s  
hav ing  the  same stan d ard  type  of end.

O il-Sand Cores and E conom ical Production.
The po in t which is em phasised by th e  above 

example is, th a t  an altogether different s tandard

of comparison now obtains between th e  respective 
operations of m oulding and  corem aking th an  was 
form erly th e  case. T hanks to  oil sand, difficult 
m oulding problems m ay now be tran sfe rred  from 
the  foundry floor to  th e  corem aker’s bench a t a 
greatly reduced overall cost.
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By avoiding th e  use of loose pieces, w herever 
practicable , th e  pattern -shop  may ind irectly  help 
foundry  production . F o r loose pieces a re  not 
only liable to get o u t of place w hilst th e  job  is 
being ram m ed up, b u t may in ad v erten tly  be le f t 
in  the  mould to  be p a rtly , o r com pletely, b u rn t 
away by th e  m olten m etal when th e  job is poured. 
A slight a lte ra tio n  in  design is som etim es all th a t  
is necessary to  e lim ina te  th e  need for the  loose 
piece. I t  is .here th a t  th e  pattern -shop  m ay p ro fit
ably exercise its advisory functions as th e  in te r
m ediary  between draw ing office and  foundry . In  
close touch w ith  both d epartm en ts, and im plicitly  
tru s ted , as i t  should be, by each, i t  can  often  
po in t th e  m iddle p a th , and th u s  reconcile con
flicting requirem ents.

Provision for th e  rap p in g  an d  w ithdraw al of 
p a tte rn s  from th e  mould is an  a id  th a t  is w orth 
much—though i t  costs little . I t s  value, especially 
where a num ber of castings are  requ ired , lies not 
alone in  the  fac t th a t  i t  considerably leng thens 
the life of a p a tte rn , b u t th a t  i t  enables a 
p a tte rn  to  m a in ta in  its accuracy and  finish a 
g rea t deal longer th a n  an unarm oured  p a tte rn . 
The neglect of th is  provision is prima facie 
evidence th a t  foundry  operations have n o t been 
completely visualised bv th e  pattern -shop . I t  
suggests the  presence of o ther shortcom ings, and 
the m oulder is th u s tem pted—or, ra th e r , d riven— 
“  to tak e  the  law in to  his own h an d s .”  The 
norm al foundry  procedure w here a w eighty 
p a tte rn  is devoid of rapp ing  plates, is to  accord 
the roughest type of tre a tm e n t, usually  selecting 
the w eakest portion in to  which to  drive a 
spike. A weak lug, a frag ile  b racket, o r a badly- 
made jo in t, ap p ear to  exercise, a t  these mom ents, 
some fascination . The m oulder th en  proceeds to  
add in su lt to  in ju ry  by opening o u t th e  hole w ith  
a red-hot poker !

L iftin g  s trap s are  equally  im p o rtan t accessories 
in th e  case of deep, o r of heavy p a tte rn s . They 
should n o t be allowed to  p ro jec t in to  th e  cope—- 
i.e ., th e  top  of th e  s trap s  should be level w ith 
the  top  of th e  p a tte rn . This m eans, of course, 
th a t  th e  p a tte rn  m ust be cu t aw ay round  th e  
hole of the  lif tin g  s trap . A nother m ethod, 
especially for ‘‘ boxed-up ”  p a tte rn s , is th a t  of 
the loose, screwed rod and top  and bottom  plates.



Im portance of Varnishing Patterns.
A vvell-varnislied p a tte rn , w hatever may be its 

o ther shortcom ings, has an a ir of respectability . 
This, in itself, is a  psychological asset, which 
easily offsets the  cost o f“ th e  varnish. R especta
bility  commands respect. The m oulder who would 
bruise unm ercifully  every available p a r t  of an 
unvarn ished  p a tte rn , in stinc tive ly  recoils from 
apply ing  rough tre a tm e n t to the same p a tte rn  
when nicely varnished. As a physical preserva
tive, varnish  is unquestioned.

The Colouring of Pattern Parts.
D ifferently coloured varn ish  should be used to  

denote m etal, core and  m achined faces respec
tively. P a r ts  to  be stopped-off should also he 
distinctively  m arked. I t  is good practice, also, 
to  p a in t th e  p a tte rn  num ber on the  job in  large 
figures ( i t  will not, of course, tak e  the  place of 
the  raised identification figures which are to 
appear on th e  casting). The m etal in which the 
casting  is to  be m ade should also be indicated 
on th e  p a tte rn . This can be done e ith e r by 
adop ting  s tan d a rd  colours to rep resen t the re
spective m etals used, or merely by p a in tin g  the 
nam e of th e  m etal o r alloy on the  p a tte rn . 
W hether the  p a tte rn  is to be used directly  to 
ob tain  th e  castings, or if i t  is in tended for a 
m etal p a tte rn , should be s ta ted . These are more 
or less m inor aids, h u t they  save subsequent ques
tions, and m ay p revent scrap.

The above examples, taken  as a whole, clearly 
show th a t  a knowledge of foundry operations is 
essential to  the  p a tte rn -sh o p ; th a t  th is  know
ledge, indeed, is the inev itab le  prioe to be paid 
for pattern-shop  efficiency. A dditionally they 
suggest th a t  the  everyday work of th e  p a tte rn 
m aker becomes more and more in teresting  in  pro
portion as th e  troubles and p itfa lls th a t  beset the 
m oulder are understood. Surely there  can be no 
p leasure com parable to  th a t  of visualising, step 
bv step, th e  various foundry operations of any 
given job, and a rran g in g  p a tte rn  and coreboxes 
accordingly. Sm oothing the way here : re
inforcing the  ground th e re : b a rr in g  th is
dangerous ro u te : rounding th a t risky corner: and, 
generally, by the  removal of doubt, to ensure a 
speedy and easy passage to the  goal of foundry 
production.
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Lancashire Branch.

PATTERN-M AKING AND ITS RELATION TO 
DESIGN AND FOUNDRY PRACTICE.

B y R W. K em lo, Associate M em ber.
Though patte rn -m ak in g  as a  trad e  in itself may 

be a com paratively  recen t in tro d u c tio n  it  is 
ac tua lly  of g re a t an tiq u ity . P re -h isto ric  m an 
a f te r  discovering th e  m olten m eta l in  his fire, 
th en  finding th a t  i t  could be w orked in to  shape 
by ham m ering , eventua lly  found th a t  i t  could be 
ru n  in to  moulds and  th e  desired shapes ob ta ined  
w ithou t so much hard  labour. T here is much 
evidence th a t  m oulds were carved from  stone, and 
no doubt m any were modelled in  clay by hand  
w ithou t the  aid of a p a tte rn , b u t probably i t  
would no t tak e  Long for ou r p re-h isto ric  forebears 
to  find ou t th a t  by m aking a model of th e  casting  
he wished to produce he could make a mould much 
m ore readily .

V arious m ateria ls  have been used for m aking 
pa tte rn s , and no doubt p re-h isto ric  m en made 
th e ir early  p a tte rn s  in  clay. I n  la te r  periods wax 
has played a p rom inen t p a r t  in  the  m aking  of the  
models used, an d  it  is well know n how the  moulds 
were m ade around  the  wax models, th en  placed in 
ovens and the  wax m elted ou t of th e  mould 
leaving the  space for th e  m etal to  ru n  in to . This 
class of p a tte rn  was, of course, useless for 
repe tition  work.

A lthough th e  p resent-day pa tte rn -m ak er is a 
specialist, he m ust have a sound general knowledge 
of engineering , he m ust u n d ers tan d  th e  principles 
and method of m oulding, m achining and fitting  
together of th e  p a r ts  he has to  make.

Relations with D rawing Office and Foundry.
This re la tionsh ip  is very im p o rtan t. M achines 

w ith m achine p a rts  a re  o ften  designed by men 
who give very li tt le  th o u g h t as to  how th e  p a rts  
will subsequently be m ade. In  th e  rush  of 
m odern practice, th e  d raugh tsm an  is o ften  called 
upon to give prelim inary  draw ings to  enable th e  
p a tte rn  shop to  s ta r t.  One of the  first essentials
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F i g s .  1 , 2 , a n d  3 .— S h o w i n g  M o u l d  o f  W a t e r b o x  S t r u c k  
up in Loam.
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in  the  p a tte rn  shop is p lain , readable draw ings, 
bu t o ften  these p relim inaries are so fa in t th a t  i t  
is difficult to  d is tingu ish  e ith e r lines o r figures, 
and e rro rs  a re  liable to  creep in  w here least 
expected. P re lim inary  draw ings should be easily 
read  and  sufficient de ta il be g iven to  enable th e  
pa tte rn -m aker to  visualise th e  job and  g e t along 
w ith th e  work in s tead  of being in  doubt as to  
w hether he is doing r ig h t o r wrong. Cases 
could be cited where work has been p u t in  hand  
from  prelim inary  draw ings which would have 
been made in  an en tire ly  d ifferent way if more 
deta il had  been given and  th e  w orkm an had  been 
able to  visualise the  job before i t  -was stai-ted. 
There is a g re a t tendency to-day to  design p a rts  
to  save jo in ts  and  m achining. T his is correct 
w ith in  reason, b u t i t  is o ften  carried  to  such an 
ex ten t as to cause considerably more w ork in the 
p a tte rn  shop and en ta ilin g  considerably g rea te r 
risks of w asters in  th e  foundry .

Take th e  simple illu s tra tio n  of a pipe w ith a 
bend a t  one end. The sav ing  of th e  jo in t and 
ex tra  m achining is no th ing  com pared w ith  the  
expense in m oulding and  the  risk  in  th e  casting . 
The idea m ay be to  save expense in  th e  m achine 
shop, b u t designers m ust rem em ber th a t  the  
castings have to  be m ade by th e  foundry , and  a 
scrap casting  may cost much more th a n  a num ber 
of m achining operations. A t th e  sam e tim e, i t  is 
no t claimed th a t  th e  foundry  can ignore th e  de
m ands of th e  engineers a ltogether, for if they  can 
show any advancem ent in  eng inering  science and 
the  cheapening of p roduction , th e  fou n d ry  m ust do 
its  share to  m eet these requirem ents. The draw 
ing  office could give more a tte n tio n  to  designs 
w here stresses are  set up  in  th e  casting , due to 
th ick  and th in  sections coming in  close p rox im ity . 
I f  the  heavy portions are ad jacen t to  th in  ones 
and  th ere  is no possibility  of feeding th e  th ick  sec
tion  save th rough  th e  th in  one, pulls and  te a rs  and 
in te rn a l cav ities are  inevitable. M any castings 
are  so designed th a t  th e re  is no chance of 
efficiently feeding heavy sections. I t  is no t 
always possible to  avoid th is , b u t i t  should be 
tak en  care of w henever possible. D raugh tsm en  
should make i t  p a r t  of th e ir  business to  find o u t 
all they  can abou t how castings are  m ade, as



th is  would tend  to g rea te r sim plicity in  design. 
Although th e  p a tte rn  shop can generally find a 
way o u t and tra n sfe r a p a tte rn  in to  the  foundry 
so th a t  castings can be produced, the  cost of th a t 
production  may be a high one, whereas if the 
designer had  known of the difficulties to be con
tended  w ith  he m ight have designed som ething 
sim pler, b u t ju s t as effective, which could be pro
duced much cheaper. Sometimes a little  has to 
be sacrificed for appearance sake, b u t there  is no 
doubt th a t  if the  d raughtsm an knew more about 
m oulding methods, some of th e  pocketed and 
jagged design would disappear w ith beneficial 
results- to  everybody.

The relationsh ip  between th e  p a tte rn  shop and 
the foundry  should be such th a t free and open 
discussion should be possible when any question 
is in doubt. W ith  the  m ajo rity  of jobs i t  is not 
necessary to call upon the  moulder for his decision, 
th e  usual foundry  practice being applicable, bu t 
th e  p a tte rn -m ak er has carefully to  exam ine the 
draw ings and decide how the p a tte rn s  m ust be 
made, tak in g  into consideration th a t  as the 
p a tte rn  is actually  a tool provided for the  moulder 
it  m ust be made in such a m anner as to  
fac ilita te  th e  production of th e  casting. The 
method decided upon from the  study of the  draw
ing is of the  u tm ost im portance as the  foundry 
will eventually  suffer from any e rro r of judg 
m ent a t th is  po in t, so th a t  i t  is here th a t  in  cases 
of complicated design the  moulder -should be 
brought in. H e knows the  conditions under 
which he has to  work and he should know w hat 
tackle he has to  use. H ere inconsistencies in 
design may be corrected and modifications made 
which will sim plify the  work both in  the  p a tte rn  
shop and  the  foundry. U nfo rtunate ly , i t  is often  
found th a t  th e  moulder will n o t care to  give his 
decision u n til he sees the  p a tte rn  tak in g  shape, 
bu t the proper tim e to say  how a p a tte rn  should 
be m ade is before i t  is s ta rte d  and no t a fte r  i t  
is complete, and the  fa ilu re  of moulders to read 
a  draw ing or to  visualise a  job is a g rea t dis
advantage. This does not throw  any reflection 
on th e  m oulder as a  craftsm an, b u t i t  would be 
to h is advantage and enable him to take  the place 
he should hold in the  engineering  industry  if he





were able to discuss a  job rig h t from the 
draw ing board. P a tte rn s  m ade to  su it one 
foundry  do no t always m eet w ith  the  approval 
of another, and cases are known where p a tte rn s  
which have been m ade to  su it one m an and worked 
successfully have had  to be altered  when given 
to  ano ther m an in the  same shop.

Contraction Allowances.
S hrinkage o r con traction  causes much trouble 

to  the pa tte rn -m aker and moulder, and a t  tim es 
is difficult to  deal w ith. The average contractions 
for cast iron in  cooling is about 1 / 10-in. to the 
foot, cast steel about 7 /32-in ., brass and malleable 
iron approxim ately  th e  same as steel, bu t the 
contraction  of castings varies w ith different 
factoi's such as th e  m ix tu re  of th e  m etal, 
casting  tem peratu res, th e  d ifferent ra te  of 
cooling, the  thickness of th e  casting  and th e  
general design of th e  casting. C astings of th in  
section cool quicker and con trac t more th an  th ick  
ones. I t  is th is  difference in cooling th a t  so 
o ften  causes trouble  in the case of castings of 
unequal thickness. L arge  and heavy castings will 
co n trac t less th a n  th in  ones and  th e ' presence of 
cores in castings of box sections will p revent con
trac tio n . In  m aking his allowances, th e  p a tte rn 
m aker has often to use his judgm en t w orking on 
p ast experience on sim ilar classes of work. 
U nfo rtunate ly , he sometimes finds himself in 
trouble by having allowed e ith e r too much or too 
little . A nother trouble due to  contraction  is 
d isto rtion . A th in  p la te  may be moulded per
fectly fla t an d  tru e , b u t when th e  casting  is taken  
from  the mould i t  will be found to  be warped. 
This is due to  th e  fac t th a t  cooling takes place 
first a t  the  corners, th en  along the  edges, and  
lastly  in  the cen tre . This is specially noticeable 
when a  boss is cast in the  cen tre  of th e  plate. 
The chance of g e ttin g  a s tra ig h t casting  is very 
rem ote. In  m any cases th is can be counteracted 
by m aking allowance for th is  camber in  the 
p a tte rn , b u t here again  the pattern -m aker is 
w orking in the  dark , for i t  is difficult to tell how 
much the  casting  will go and in which d irection  
i t  will w arp and often  several castings have to  
be made before th e  necessary allowance can be 
determ ined.

2b2
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A fter carefully studying  the  draw ing the p a tte rn 
m aker proceeds to  lay o u t the job full size to the 
con traction  ru le  m ark ing  on all m achining allow
ances and  th e  exact position of cores, if any. In  
large work sections are  laid  down to  enable him  
to  visualise th e  job and map out the  methods of 
building. In  p lann ing  th e  build ing of a p a tte rn , 
consideration  has to  be given as to  the  q u an tity  of 
castings likely to  be required  and the  streng th  
required  to  resist th e  necessary ram m ing and w ith
draw al from  th e  mould. The size of th e  job will, 
of course, decide a g rea t deal. I t  is really sur
prising  th e  am ount of pressure p u t on a p a tte rn  
when ram m ed up and th e  pull required  to  remove 
i t  from  th e  mould. The p a tte rn  has, therefore , to 
be constructed  to  w ithstand  the pull and not come 
to  pieces when being w ithdraw n. T aking p a tte rn - 
m aking in its sim plest form, it 'is th e  m aking of 
a model which will be practically  a duplicate of 
th e  casting  required . I f  i t  is desired to  produce 
a casting  off a block, say 12 in. square by 2 in. 
th ick , th e  p a tte rn  is simply a block of wood to 
these sizes. I f  a casting  of a simple lever is 
required, th e  lever is reproduced in  wood, some
tim es m aking the  p a tte rn  in halves to  fac ilita te  
m aking  th e  jo in t in  m oulding. B u t th e  tim e 
comes when more v ita l decisions have to  be made. 
A casting  of hollow box form  w ith overhanging 
flanges or pockets may be required, and in th is 
case the  p a tte rn , if m ade exactly as draw ing, 
could not be w ithdraw n from the mould. Cores or 
draw backs may have to- be resorted  to, or there  
m ay be loose pieces on th e  p a tte rn  which can be 
draw n in to  the  mould a fte r  the bulk of the  p a tte rn  
has been w ithdraw n. In  num erous cases all th ree  
methods hatfe to  be used on the same p a tte rn . The 
decision as to w hether a core or a draw back should 
be used is most im portan t, as th e  cost of m oulding 
may be considerably increased, and i t  is in a case 
of th is  so rt th a t  th e  foundry could w ith advantage 
be consulted and give th e ir  decision.

In  some cases i t  is possible to  produce a casting 
w ithout going to  th e  expense of a p a tte rn . This 
is done by a method which, though sometimes 
en ta ilin g  g rea te r cost in  th e  foundry, may save 
considerable cost in the p a tte rn  shop.



M oulding a P ipe.
As an illu s tra tion , a large s tra ig h t pipe may bo 

taken . All th a t  is requ ired  from  th e  p a tte rn  shop 
is a p lain  s tra igh tedge  o r strick le  and two flanges.

742

F ig . 8 . — S h o w s  P attern-making R equired t o  
P roduce a L arge R in g .

F ig . 9.—Shows the Mould w ith  Cores being 
P laced in  P o sitio n .
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lh e  core-inaker strikes th e  core up on a barrel of 
su itab le  size, using the  straigh tedge, te s ting  the 
d iam eter w ith callipers and finishing off to  a nice 
smooth surface. A fter th is  has been dried in the  
stove i t  is again  placed on the horses, and he adds 
ano ther coat of loam equal in thickness to  th e  
thickness of th e  m etal of th e  p ipe, and the  
pa tte rn -m ak er is then  called in to se t th e  flanges

on th e  body to  the exact length  of the  pipe. This 
is called a loam block or loam p a tte rn . Tbe 
m oulder th en  uses th is  in th e  usual way, bedding 
th e  block in to  th e  floor up to  the  cen tre  line, 
m aking  his jo in t along the  centre line and cover
ing th e  top half w ith  a moulding box. A fter he 
has moulded both halves, th e  top box is lifted  off 
and  th e  loam block w ithdraw n. The mould is 
finished, th e  flanges and the thickness of loam over 
the  core a re  stripped  off, and core used in the 
mould. Steam -engine cylinders and num erous

F ig . 10.—Shows F inished  Casting
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cylindrical castings can be m ade in  th is  way by 
th e  add ition  of p a rts  which can be se t up on th e  
loam block. Thus th e re  is w hat is called th e  
necessary tackle for m aking loam moulds.
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Condenser Water Box.
Cylinders and such large castings as tu rb o 

generators, yokes, endbells, condensers, waterboxes 
and covers, and th e  like can be produced in loam

w ithou t m aking full p a tte rn s . " I t  would be quite 
a big job, and requ ire  a good deal of illustration  
to  show the m aking of a generator s ta to r casting, 
b u t a short general description of a mould for a



746

surface condenser w aterbox will show th e  p rin 
ciples. Figs. 1, 2, 3 illu s tra te  the hoards or 
strickles and general details of the mould stru ck  
up in loam. The spindle, which m ay be any 
d iam eter to  give a rig id  cen tre , is fixed in  a
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su itab le  footstep in which i t  may revolve. On the  
spindle th e re  is an  arm  which carries th e  strickles. 
Ih is  arm  is m ade to  slide up or down to  anv 
requ ired  heigh t. Sometimes th e  spindle is a fix ture 
in  th e  footstep, and  th e  arm  revolves on th e  
spindle  between two collars. W hen the  job is a 
deep one, two arm s a re  necessary to  hold the  
boards o r strickles. A cast-iron p late  of convenient 
size and thickness for the  work in  hand is set up 
level over the  footstep, and th e  spindle, w ith  the 
arm  a ttached , is placed in position th rough  a hole 
in th e  cen tre  of th e  p la te . The board which forms 
th e  seating  for th e  core is bolted to  th e  arm  and 
se t a t a su itab le  d istance from th e  p late. The 
p la te  is w etted  w ith clay-wash, and a th in  facing 
of loam is levelled on top  of plate. The moulder 
th en  proceeds to  build up on 'th is  to  form  the  
seating  for th e  core. The bricks are  laid  w ith soft 
loam w ith  open jo in ts to  allow a ir and gases to  
escape freely when th e  mould is being poured. 
The brickwork is faced w ith a coating  of loam 
which is sw ept up in a rough sta te , and is then  
given ano ther coating  of fine slurry  and swept up 
smooth and tru e  w ith  the  seating  board attached  
to  th is a rm  revolving round th e  spindle.

W hen bu ild ing  up the  brickwork th e  m oulder 
has to  m ake provision for the  branches or any 
facings which m ay come in  th e  way. W hen th e  
sea ting  is complete th e  strick le  is changed for th e  
core strickle. A cast-iron rin g  is placed in  th e  
bottom  of th e  seating , and on th is th e  moulder 
bricks up th e  cen tre  core, facing  th e  ou tside of 
th e  brickwork w ith loam and s tr ik in g  up smoothly. 
The bottom  core r in g  is provided w ith staples for 
lifting , and  when th e  core is finished to  the  
requ ired  heigh t as determ ined by th e  board i t  is 
lifted  o u t of its  sea ting  and placed on one side 
o u t of th e  way. The outside of th e  mould is then  
proceeded w ith. The core strick le  is tak en  off th e  
arm  and  replaced by th e  strick le  for th e  ou ter 
d iam eter. The branches for which full p a tte rn s  
have to  be provided a re  now accurately  se t up in 
position, usually by th e  patte rn -m aker, all the  
cen tre  lines and m easurem ents being taken  from 
the  spindle. The branches being in position, the  
m oulder then  builds up th e  ou ter wall of th e  
mould, m aking provision for runners and  th e  jo in t
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over th e  top half of the  'branches. The jo in t is 
necessary, as th e  branch p a tte rn  has to  be w ith
draw n from  th e  mould and provision has to  be 
m ade for se ttin g  th e  branch  core in  position. The 
o u te r wall is b u ilt up and  faced on th e  inside w ith 
loam and s tru ck  up tru e  w ith  the  strick le  which 
forms th e  ou tside of th e  casting . The top  p a r t  of 
th e  mould is stru ck  up on a p la te  sep a ra te  from  
th e  mould using ano ther spindle, and th e  strick le  
provided for th is  purpose. The bu ild ing  and 
«trickling  com plete, th e  m oulder now carefu lly  
removes th e  branches, all facings, flanges and  loose 
p a tte rn  p a rts  from  th e  m ould, and proceeds to  
m ake up any broken edges and  finish off th e  
m ould. All surfaces which come in co n tac t w ith 
the  m etal are  given a coa ting  of liquid  blacking, 
which is carefully  sm oothed off to  give th e  surface 
of th e  castin g  a good finish. The whole m ould is 
th en  placed in a stove, and all m oistu re  thoroughly  
dried  o u t of it.

W hen d ry  th e  mould is placed in a p it  for 
assembling. The cen tre  core and  branch  cores are 
placed in  position, all core vents being carefully 
cleared and  the  mould closed. The outside is then  
ram m ed all round  w ith  floor-sand, and to 
s tren g th en  the  walls to  w ith stand  th e  pressure in 
side th e  mould when i t  is poured. The ru n n e r boxes 
are  placed in position and  m ade up, and the  mould 
is ready  for casting. This is only a rougir descrip
tion  of m aking  th e  mould, b u t i t  gives some idea 
of how th is  class of p a tte rn  is used. Sm all sizes 
of w aterboxes a re  usually  moulded from  full 
p a tte rn s , th e  flanges on one side being le f t loose 
and th e  cores m ade in  boxes. This is th e  m ost 
economical m ethod of m oulding, b u t in la rger sizes 
th e  ex tra  cost of th e  p a tte rn  would be prohibitive. 
In  th e  sam e way fly-wheels, la rge  pulleys and  the 
like can be m ade e ith e r from  full p a tte rn s  o r from  
a mould b u ilt up in cores, o r from  a mould struck  
¡up in loam  w ith  cores to  form  th e  arm s.

Turbine Cylinder.

Fig . 4 illu s tra tes th e  in le t end of th e  top ha lf 
of a tu rb in e  cylinder. The mould for th is  casting  
was b u ilt up en tire ly  in loam, and  only a small 
am ount of p a tte rn -m ak in g  was requ ired  for th e  
com paratively large  job. I t  is approxim ately  5 f t



d iam eter, and stands about 3 f t . high. F ig . 5 
shows all th e  p a tte rn -m ak ing  required  to produce 
th is mould. This is a very good illu stra tion  of 
how sim plicity  of design helps to  lower th e  cost 
of production , for though th e  cost of mould
ing was ra th e r  more th a n  i t  would have 
been if full p a tte rn s  and coreboxes had  been pro
vided, th e  cost of th e  p a tte rn  and boxes would 
have been considerable, and th e  saving in the 

-foundry  so small com paratively th a t  one would not 
be justified in  in cu rrin g  th e  e x tra  cost.

Skeleton Patterns.
W hen only one casting  is required, and in cases 

w here a  casting  may be only seldom called for, 
it  is possible under certa in  conditions to  rig  up  
a cheap or tem porary  p a tte rn . F la t  p lates can 
be made from  a simple fram e made to  th e  o u t
side sizes and thickness, the sand in  the centre 
being strickled  out. A p lain  ring  can be made 
from  a segm ent a ttached  to  an arm  and ram med 
up a num ber of tim es to  form  the  circle. P ipes 
of all sizes are  frequently  m ade from  skeleton 
p a tte rn s . In  m any cases large skeleton p a tte rn s  
a re  made when the designs lend themselves to 
th is class of work, and the  num ber of castings 
required  does n o t w a rran t th e  expense of full 
p a tte rn s.

F ig . 6 shows case of a typical skeleton p a tte rn  
for the bottom half of the in le t end of a tu rb ine  
cylinder. Owing to  the  ir reg u la r shape, i t  was 
hard ly  p racticable to  sweep up th is mould, b u t 
th e  design len t itself to th e  m aking of a skeleton 
p a t t e r n ; and F ig . 7 shows the  casting  ready  for 
shipping. I t  is of in te rest to realise th a t  the 
patte rn -m ak ing  in  th is case cost considerably less 
th a n  full p a tte rn s , b u t th e  moulding cost was 
approxim ately  one-th ird  more th a n  if a full p a tte rn  
had  been used. This shows a good saving on the 
first casting , bu t, should th is casting be repeatedly 
called for th e  ex tra  cost of m oulding and the 
cost of fixing up, th e  p a tte rn  'every tim e required 
will coun teract any saving made. Sometimes 
only th e  outside of th e  mould can be struck  up, 
and the inside is formed by cores made in  core
boxes, and in  some cases the  centre core is struck 
up away from  th e  mould. This depends upon 
the  designs and various conditions. Loose wood



p a tte rn s  for m oulding in green sand are  made 
m  various ways, according to  th e ir  size and 
contour. P a tte rn s  for bedplates and castings 
of hollow box section are m ade in  sections, each 
section being b u ilt up of fram es half-lapped 
together and sheeted over w ith  boards.

In  p a tte rn s  of large size i t  is o u t of th e  ques
tion  to  m ake them  solid. I t  is obvious th a t  they  
would be too heavy to  handle, and  by fram ing  
and boxing considerable saving in tim ber is 
effected, and the  p a tte rn  will re ta in  i t s  shape 
b e tte r.

Allowances for Taper.
W hen m aking a p a tte rn , i t  is necessary to  make 

allowances for ta p e r or d ra f t  to  enable the 
p a tte rn  to  be read ily  w ithdraw n from  th e  sand. 
I t  will be read ily  understood th a t  when th e  sand 
is firmly packed around  and in to  all th e  corners 
of the p a tte rn , i t  is liable to  tak e  much pull before 
it  can be removed, and, if th e  p a tte rn  is p e r
fectly parallel, i t  is impossible to  w ithd raw  i t  
w ithou t d is tu rb ing  th e  shape of th e  mould. In  
the  same way, if sand is ram m ed round a p a tte rn , 
the re  m ust be clearance to  w ithdraw  th e  p a tte rn , 
and th e  only way to provide th e  necessary c lear
ance is e ither by excessive rapp ing , which knocks 
the  mould ou t of shape, o r by allow ing suffi
c ient tap e r , which, a fte r  a  sligh t rap p in g  of th e  
p a tte rn  will enable i t  to  be read ily  rem oved from  
the  sand. The question  of ta p e r  is generally  
le ft to  th e  p a tte rn -m ak er to  decide, and he is 
generally accused by th e  m oulder of leaving in 
sufficient. To quote from  a recen t a r t ic le : “ The 
a tta in m en ts  of the  p a tte rn -m ak er in  th e  way of 
d rau g h tin g  and w orking wood in to  various forms 
count as no th ing  to  th e  m oulder if  he constructs 
p a tte rn s  th a t  will n o t draw . The m oulder’s skill 
is proved by hav ing  a  1 good ca s t’ ; th e  p a tte rn 
m aker’s (if he only knows it) by hav ing  a good 
d raw .”  To have th e  corners, edges, or portions 
of a  mould s ta r te d  or broken th rough  ill-draw ing 
p a tte rn s  is no t only ag g rava ting , b u t is o ften  
the  cause of defective castings. Though th is  
m a tte r  is one which has been left to  th e  p a t te rn 
m aker to  deal w ith , i t  is one which m igh t well 
be considered by the  d raugh tsm an  before the  
draw ing comes to th e  p a tte rn  shop.



The p a tte rn -m ak er’s difficulty is in  determ ining 
which way to  allow the  d ra f t, th a t  is, w hether 
to  m ake his p a tte rn  larger a t  one end o r sm aller 
a t  th e  o ther th a n  draw ing sizes. Sometimes a 
m iddle course is taken , and i t  is m ade a little  
la rg er a t one end  and a li tt le  sm aller a t  the  other. 
Even th en  trouble m ay be encountered, especially 
when th e  castings have to  be m achined in  jigs, as 
sligh t varia tio n s in  sizes a t  th e  location point 
throw  th e  centres of holes ou t of position. The 
am ount of ta p e r  to  be allowed on a p a tte rn  
will vary  according to  conditions. I t  is o ften  
necessary th a t  ce rta in  p a r ts  have to  be as square 
as possible, bu t w herever p ractical, ta p e r  should 
be allowed. I t  will be obvious th a t , if a 
p a tte rn  is tapered  so th a t  i t  will leave the sand 
freely, th e  life of the  p a tte rn  will be prolonged, 
as i t  will n o t requ ire  to  be rapped . The mould 
will be tru e r  to  shape for th e  same reason, and 
will no t need to  be mended up, as is sure to  be 
th e  case when a bad draw  results , and we will 
agree th a t  i t  m ust be particu la rly  aggravating  
to  any conscientious m oulder to  have his mould 
pulled to  pieces and have to  patch  i t  up again.

W hen th e  outline of a p a tte rn  is such th a t  the 
mould has to  be jo in ted  through the  centre line, 
as in th e  case of a cylinder, ic should be m ade in 
halves. I t  is no t always necessary to  do tb is, 
b u t in  m ost cases i t  is expedient th a t  i t  should 
be so. I t  will fac ilita te  th e  m aking of the  mould 
jo in t, and  more particu la rly  i t  will save any dis
tu rbance  of th e  sand when the  to p  and bottom 
halves of the  mould a re  separated . E ach half 
of the  p a tte rn  can be more readily  w ithdraw n 
from th e  mould, i t  is often  necessary to  leave 
deep bosses and  brackets loose, and when the  
p a tte rn  is w ithdraw n, the boss o r b racket is left 
in th e  sand, and  each piece is a fterw ards w ith
draw n separately .

Plate Moulding;.

I t  is tru e  p la te  m oulding has no t been 
developed in  th is country  to  the  same ex ten t as 
has been the  case in America. Q uan tity  produc
tion  has no t been appreciated  in the  same degree, 
and  owing to  the lack of s tandard isa tion  in the 
engineering  industry , th e  need for i t  lias not been



so g rea t. In  recen t years, however, m anu
fac tu re rs  have become alive to  th e  fac t th a t  only 
by such m ethods will they  be able to  hold  th e ir  
own in  the  m arkets, and are  ad ap tin g  th e ir  p lan ts 
to  cope w ith  m odern requirem ents. U nder these 
conditions a rrangem en ts m ust be made w ith  th e  
d raugh tsm an  to  sim plify his design. The 
foundrym an m ust endeavour to  und ers tan d  vdiat 
th e  designer w ants, and  why th e  p a tte rn -m aker 
desires to  do ce rta in  th ings. The designer m ust 
unders tand  th a t  th e  m oulder has h is difficulties 
to  overcome, and is in  a position to  m ake sugges
tions which may enable a casting  to  be more 
read ily  produced, and should be p repared  to  con
sider any suggestions made. D esigns should be 
carefully  considered before p u t in to  w ork to  
ensure th a t  they  will be qu ite  s tan d a rd , as changes 
in  th is  class of w ork are  o ften  very expensive to 
make, and patched  up  p a tte rn s  do n o t tend  
tow ards rap id  production , o ften  being responsible 
for bad draw s in the  mould.

I t  does n o t follow th a t  because a p a tte rn  is on 
a p la te  th a t  i t  m ust be used on a m achine. There 
a re  some jobs th a t  can  be m ore economically 
w orked from  a  p la te  p a tte rn  ram m ed by hand . 
No m a tte r  w hether one is using a m achine or not, 
it  is undoubtedly tru e  th a t  th ere  are  advan tages 
in using p a tte rn  p lates for rep e titio n  w ork over 
using loose p a tte rn s. W ith  p a tte rn  p la tes  th e  
jo in t is a lready made an d  an  accu ra te  p a rtin g  
is assured. P la te  m oulding m eans th a t  in stead  
of th e  p a tte rn  being w orked loose in  the  sand i t  
is fixed on to  a p la te  which m ay be e ith e r wood 
or m etal, and th e  p la te  follows th e  jo in t  line of 
the mould. In  th e  foundry  w ith  w hich th e  w riter 
is connected sm all p a tte rn s  a re  fixed on m etal- 
machined plates which are  generally  used  for 
s tan d a rd  product in  large quan tities , and  on 
m achine boards for w hat may be term ed  sem i
stan d ard  for sm aller quan tities , and  th e  la rger 
p a tte rn s  are  p u t on wood boards called follow 
boards to  be worked on th e  foundry  floor. The 
term  “ follow board ”  signifies th a t  one board 
follows the  o ther o r m atches up  to  th e  o ther.

W hether a m achine is used o r n o t th e re  is 
unquestionably g rea t advan tage  in  using p la te  
p a tte rn s  for rep e titio n  work. M oulding boxes



should be standard ised  as fa r  as possible, an<l so 
arran g ed  th a t  no superfluous sand has to  be 
lam m ed. Ih e  p a tte rn s  can then  be arranged  on 
c e rta in  s tan d a rd  p lates or boards. W ith  small 
loose p a tte rn s  i t  is possible to group them  together 
and make w hat is called an oddside. This may 
be made from sand, p las te r of P a ris  or sim ilar 
m ateria l, a n d  forms tile jo in t of one half of the 
mould, fh e  h is t  box is ram m ed up on th is w ith 
the p a tte i ns in position and rolled over the 
oddside is then  removed, leaving the  pa tte rn s in 
the half mould. The o ther box is th en  placed in 
position and ram m ed up in  the usual way. B ut 
though th is  does effect a saving in  tim e the  
p a tte rn s  will still have to be handled, whereas 
w ith the  p a tte rn  plates th e  p a tte rn s  are fixed to 
the  p late  and all w ithdraw n together. I t  will be 
obvious how efficient th e  draw  will be, seeing 
th a t  the p lates and boxes a re  all drilled to the 
same centres, and  the pins in p lates and boxes 
form  steady guides in  draw ing the jia tte rn s.

M ounting Patterns cn  Plates.

In  p la te  moulding, when a p a tte rn  is in two 
halves, each half is fastened on a separa te  p late, 
each p a r t  is ram m ed up separately , and the
moulding boxes a re  no t brought together un til 
th e  mould is ready  for closing. W ith  the  p late 
th e  jo in t of the  mould is m ade as the moulder 
ram s his mould, and is quite accurate and
requires no finishing.

H av ing  decided on p a tte rn  p lates and knowing 
w hat size boxes to  use, th e  p a tte rn s  m ust be
arranged  to  fit as large a num ber as possible on 
the  plates. This will depend on the size and 
peculiarities of the  p a tte rn . Very often  i t  is 
only possible to ge t one p a tte rn  on, and some
tim es as m any as e ighteen to  tw enty  small p a t
terns can be fixed on one p late. I t  will be
obvious th a t  when so many are  on one p late  the  
g rea test accuracy has to be exercised, as each 
m ust be a duplicate  of the other. I t  m ust no t be 
im agined th a t only small p a tte rn s  can be adapted .

P a tte rn s  of quite  large dimensions are dealt 
w ith  in  the  sam e way, the  only consideration 
being th a t  th e re  should be sufficient quan tities 
required  to  w a rra n t the in itia l expense, which in
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the case of p la te  p a tte rn s  is som ewhat high. 
W hen tw o halves of a p a tte rn  are  placed on 
separa te  p lates, when the  mould is m ade an d  the  
two halves are  b rough t together, th e  halves m ust 
m atch up  exactly, otherw ise th e re  w ill be over
lapping  a t  th e  jo in t, or in  the  case of a casting  
of a disc section th e re  w ill be th ick  and  th in  
m etal. Obviously considerable care  m ust be 
exercised in reg is te ring  th e  respective halves, to  
ensure t r u e  castings.

To ob ta in  a tru e  reg is te r two halves of a p a t
te rn  a re  do welled together. The p a tte rn  is then  
secured to  th e  p la te  and drilled  th ro u g h  th e  dowel 
holes. The tw o plates are th e n  placed face to 
face on th e  p ins and  th e  o ther p la te  is d rilled , 
the first p la te  fo rm ing  a jig  for th e  second. The 
p a tte rn s  can th en  be dowelled in  position  and 
secured by screws. Sometimes a job can be 
reg istered  th rough  th e  p la te . I n  very  m any 
cases th e  p a tte rn s  have to  be se t by m easure
m ent, all m easurem ents being tak en  from  th e  p in  
centres. By accurately  p lacing a num ber of p a t
te rn s  hav ing  a flat surface along one side of a 
p la te , a  double num ber of castings can  he 
obtained. B oth top  and  bottom  halves of mould 
are  m ade from  th e  one p la te , and  in  p lac ing  the  
one half on to  th e  o ther ha lf th e  im pression is on 
opposite sides. The ru n n e r is placed along the  
cen tre  of th e  p la te  and th e  double se t is produced, 
one on th e  bottom -half and th e  o th e r on  th e  top- 
half. I f  double th e  num ber of p a tte rn s  were
placed on one p la te  th e  m oulder would have still 
to  ram  a  top  half, so th e  cost of ha lf th e  p a tte rn  
is saved.

Loose p a rts  in th is class of w ork should be 
avoided w herever possible, owing to  th e  danger 
of these g e ttin g  o u t of position  in  th e  mould, 
w ith  th e  re su lta n t loss of th e  casting , an d  the  
risk  of th e ir  being  lost in  hand ling  and sto ring . 
U nfo rtunate ly , loose pieces can n o t always be 
avoided, and  w herever they  a re  used every  care  
should be taken  to  ensure th a t  everv  piece will 
fit in to  its proper place.

The degree of accuracy which is being  called 
for in  a rough casting  to-day is really  aston ish
ing. T his is due to  th e  fac t th a t  rep e titio n  in 
th e  foundry  is also rep e titio n  in th e  m achine
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shop, w ith  the use of jigs to  sim plify the  opera
tions of m achining. These jigs are usually made 
to  a  draw ing on which no allowance has been 
made for any sligh t irreg u la rity  in  the  casting . 
The jig-m aker does no t always realise th a t  th e  
m oulder is working in  sand, which is sub ject to  dis
to rtio n  from  any slight cause, such as th e  tapp ing  
of th e  p la te  or the  w ithdraw al from th e  mould, or 
even th e  pressure of th e  m etal when poured in to  
th e  mould. The pattern -m aker can sometimes make 
ce rta in  allowances, bu t he cannot always tak e  care 
of th is  trouble, and  in m aking jigs when a casting 
is no t available a li tt le  discussion would m any a 
tim e be beneficial in  fixing certa in  location points 
which could be almost guaran teed .
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Lancashire Branch.

REFRACTORIES IN THE FOUNDRY.

By H. V. Grundy and A. P hillip s, Associate M em bers.
The though t which has prom pted  th e  au thors 

to  give th is P a p e r is th a t  a knowledge of the  
various re frac to ry  substances is of ex trem e im
portance  to  foundrym en generally  and geologists 
do little  to assist them . The am ount of published 
m a tte r  upon th is  sub ject is very lim ited  ; i t  is 
found, therefore , th a t  m ateria ls  of v ita l conse
quence in th e  p roduction  of castings are  being dealt 
w ith, and tre a te d  w ith a fa ir  m easure of success, 
from  a wholly p rac tica l s tan d p o in t. M eta llu rg is ts  
have n o t acquired  th e  same th eo re tica l knowledge 
of th e  silicates, etc., which go to  form  these re 
fractories, as they  have of th e  chem istry  of iron 
and steel, and consequently i t  has devolved upon 
th e  m oulder to  determ ine fo r him self w h a t is 
required . D uring  th e  p ast few years efforts have 
been m ade to  fill th is  void, and  we have had  th e  
investigations in to  the  B ritish  Resources of R e
frac to ry  Sands, conducted by Professor Boswell, 
of Liverpool U niversity , of re frac to ry  m ateria ls , 
including fireclays, by F . R . Ennos, D r. Alex. 
Scott, A. B. Searle, J .  W. M ellor, and th e  B ritish  
O ast Iron  R esearch Association.

A t p resen t there  is no complete se t of s ta n d a rd  
tests  or specifications upon which users of foun
dry refrac to ries can rely for th e  selection of th e  
best m ateria ls necessary fo r th e ir  various p u r 
poses, and th e  only way upon w7hich foundries 
have to  depend is by ac tua l service tests, a m ethod 
which is both tim e-consum ing and  expensive. The 
ex ten t to  which these m ateria ls  e n te r  in to  our 
every-day work is lost sigh t of by m any, p rob
ably owing to  the  fa c t th a t  we a re  fo r tu n a te  
enough to  have good sources of supply, and i t  has 
undoubtedly been th is abundance which has re 
ta rd ed  investigation  in to  th is subject. U nlike 
some countries, E ng land  possesses im p o rta n t de
posits of re frac to ry  m ateria ls, b u t li tt le  has been 
done u n ti l la te  years to  ascertain  th e ir  t r u e
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ex ten t, yet n o t only iron founding  b u t glass and  
p o tte ry  m anufac tu re  need its  assistance, and its 
uses are so varied  th a t  even dom estic use is found 
for i t  in polishing m aterials. I t  is n o t th e  ob ject 
of th is  P ap e r to  go too  deeply in to  th is  m a tte r  
from  a geological s tan d p o in t, a lthough  i t  is a sub
jec t of g re a t in te rest, b u t ra th e r  from  th e  p o in t 
of view of th e  foundrym an who has sufficient in 
te re s t in his work to  have a desire to  know some
th in g  more of th e  m ateria ls  which form  th e  basis 
of his work, and  to  give some idea of th e  approach 
to a study  of th is  n a tu re .

To w hat ex ten t does sand concern th e  foundry
m an? P robably very few realise  th e  am ount used 
in  th e  production  of a ton  of castings. The figures 
shown will dem onstra te  th e  ex ten t of th e  indefi
n ite  conditions ex is ting  in  m any foundries to-day, 
and  as the  w rite rs  a re  of th e  opinion th a t  foundry  
losses a re  p ropo rtional to  th is , they  can safely 
assume th a t  if constan t conditions could be m ain 
ta in ed  in  th e  m ateria ls  used such losses would be 
reduced to those governed by hum an e rro r. 
U nfo rtu n a te ly  to  do th is  in its e n tire ty  is no t a t  
th e  m om ent a comm ercial proposition, b u t i t  has 
to  be adm itted  th a t  th e  value of exchanging 
am ongst foundries d a ta  re la tive  to  sands obtained  
locally is no t fully  apprecia ted , and  m any bene
ficial resu lts would be ob tained  if we sough t for a 
closer knowledge of th e  sands used locally, and of 
those ex isting  in  ou r m idst.

Sands.
Chemical and  physical p ropertie s of m oulding 

sands have been determ ined and given specific 
names, th u s  : — (a) Chemical analysis and  m ineral 
analysis, (b) fineness, (c) s tren g th , (d ) perm e
ability , and  (e) du rab ility .

Obviously th e  first and probably th e  m ost im 
p o rta n t consideration is th a t  th e  sand should be 
capable of w ithstand ing  th e  effect of g re a t h ea t, 
and  th is  p roperty  is dependent upon th e  am oun t 
of silica and alum ina p resen t and th e  com para
tive absence of alkalies and  alkaline  ea rth s , such 
as potash, sodium , etc. (Table I) . These la t te r  

combine w ith  th e  silica and form  silicates, and 
resu lt in  fluxing. This is a g re a t d isadvantage, 
and detrac ts very  considerably from  th e  ap p ea r
ance of th e  castings; th u s  i t  is seen th a t  the
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ac tua l value of an analysis lies in the  readiness 
w ith  which th e  figures given for silica, alum ina, 
alkalies, lim e m agnesia, and iron oxides are  
appreciated . These are  the  contents to  he sought 
for, and  th e ir  influence correctly in te rp re ted . Of 
course th ere  are m any o ther compounds present 
which have varying influences upon the  sand, hu t 
hroadly speaking they  are  relatively small in 
q u an tity , more or less difficult to  determ ine, and 
may consequently he ignored. F u rth e r  explana
tion  of these constituen ts and th e ir  influence upon 
th e  whole will be given under the  several head
ings, the  n ex t of which is fineness of g rain  size.

Fineness of G rain Size.
This goes to d istinguish  between open and close 

sands, and calls for li tt le  exp lanation . This is 
clearly  illu s tra ted  in Figs. 1 to  5. I t  should, 
however, be p a rticu la rly  noted th a t  g rains 
approaching th e  pebbly condition, and those 
approaching silt or dust should be avoided. For 
general purposes a sand should be reasonably 
coarse, th e  object being to  ob ta in  a m ateria l 
which possesses a m axim um  n a tu ra l porosity and 
perm eability , w ith  sufficient bond to  enable i t  to 
be moulded in to  the  desired shape. Pore space 
should be evenly d is tribu ted , and for th is reason 
wide differences in  grain-size should be avoided, 
and round ra th e r  th an  angu lar grains will do 
much to assist porosity. Of course th e re  a re  many 
uses for sand of small g ra in  size, as in th e  light 
casting  tra d e  and th e  brass foundry, b u t where 
th is  is used i t  is desirable to  assist ven ting  by 
means of coal dust, etc.

Green Bond.

The nex t consideration is stren g th  or bond, and 
th is  is of param oun t im portance. This property  
is due to  th e  am ount of clay (A120 3, or 
expressed m ore precisely A120 3, 2 S i02, 3H ?0 ,
i.e ., silicate of alum ina) and ferric  oxide 
presen t, and th e  ideal condition of th e ir presence 
is in th e  form  of th in  films su rround ing  each 
g ra in , and in  th is  condition i t  is a t its  m axim um  
efficiency, as i t  re ta in s  in con tac t a certa in  am ount 
of w ater. F rom  d a ta  obtained i t  appears th a t 
all successful bonds denend uoon w hat a re  known
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as colloids for th is pecu liar p roperty . A “  col
loid ” is a substance in  a condition  sim ilar to  
th a t  of ge la tine  o r album en, w hilst in  co n trast a

F i g s . 1 a n d  2 . — I l l u s t r a t i n g  t h e  G r a i n  S i z e  i n  
M o u l d i n g  S a n d s .

F i g .J l  ( to p )  i s ls e a  s a n d  ; F ig .  2 , M a n sf ie ld . ( B o th  a r e  b y  3 0  d i a s . )

crystalloid is a substance like sa lt, for exam ple. 
The main difference between th e  two is th e  v a ry 
ing am ounts of surface energy, and  w hilst a  solu
tion  of a crystalloid, such as common sa lt, will 
readily  pass th ro u g h  a filter paper, th e  pap e r
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is practically  im perm eable to  a colloidal substance 
like those m entioned. Clay possesses colloidal 
m a tte r  to  vary ing  ex ten ts, and in vary ing  form, 
such, for instance, as hydra ted  ferric-oxide, alu-

F i g s . 3  a n d  4 . — I l l u s t r a t i n g  t h e  G r a i n  S iz e  i n  
M o u l d i n g  S a n d s .

F ig . 3 ( to p )  c o a rse  red  s a n d  ; F ig . 4, fine re d  s a n d .  (B o th  a re  b y  
30  d ia s .)

m inium  silicate, and hydroxide, etc., and these 
substances possessing as they  do s truc tu res  more 
or less resem bling a sponge, are  able to re ta in  
considerable q uan tities  of w ater. This w ater is 
pecu liar in th a t , unlike hygrosscopic w ater, i t  is
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n o t all driven oil a t 110 deg. C., and  conse
quently  the  life of th e  sand is p roportionate ly  
lengthened. I f  a handfu l of sand is compressed 
and broken i t  ind icates a  green bond, which for 
general purposes is sufficiently reliable, b u t occa
sional tes ts of a q u an titiv e  n a tu re  can be usefully 
carried  out from  tim e to  tim e.

Test for Cohesiveness.
For th is te s t each sam ple of sand is d ried  a t

F j g . 5 . — I l l u s t r a t i n g  t h e  G r a i n  S iz e  i n  
M o u l d i n g  S a n d s .

F ig . 5, r o a d  s a n d .  (B y  30  d ia s . )

110 deg. C., and th e  percen tage of w ate r added 
ju s t before m aking th e  te s t piece. T est pieces are 
moulded in  No. 1 bos (Fig. 6). Sand is filled in 
loosely up to  th e  top face, th e  top  po rtion  is then  
fitted  on and th e  box is compressed u n til th e  
jo in ts  m eet, th is  enables each core to  be made 
under sim ilar conditions. The cores for th e  per
m eability  tes ts  a re  m ade in a sim ilar m anner w ith 
the  exception th a t  No. 2 box (F ig . 6) is used.

In  te s tin g  for green bond th e  core, § in  x 1 in. 
X 8 in. long, is pushed by  a ram  over the  edge of 
a horizontal glass surface u n til fra c tu re  occurs. 
M easurem ent is th en  tak en  of the unbroken piece.

In  Table '2a is seen th e  green bond s tren g th  of
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a few of tho  sands commonly used in the  L anca
shire d is tric t.

I t  was th ough t th a t  hav ing  the  green bond 
s tren g th  of a num ber of sands a m ix tu re  could 
be calcu lated  w ith a desired streng th . Table 2b 
gives th e  various m ixtures of these sa n d s :—•

M ix tu re  No. 6 has an actua l bond of 4.0 in.
calculated bond of 4.2 in.

M ix ture  No. 7 has an actual bond of 4.0 in.
calculated  bond of 4.2 in.

M ix tu re  No. 8 has an actual bond of 4.6 in.
calculated bond of 4.16 in.

This assum ption is not fully borne o u t when 
M ix tu re  No. 8 is considered, i t  appears th a t  the 
sm aller g ra ins pack in between th e  larger ones 
and affect th e  calculation of a bond streng th .

P erm eability .
Perm eability  is th e  facility  w ith which a body 

allows th e  free  passage of a ir or gas. As pre
viously poin ted  o u t one of th e  g rea test considera
tions in ob ta in ing  th is  is pore-space, evenly 
arranged . Rounded sand gra ins are a fu rth e r 
consideration, b u t th e  one for which th e  moulder 
is responsible is th e  m anner in  which his ram 
m ing is perform ed, and the  condition of the  sand 
when th is  ram m ing takes place, and also tho 
am ount of w ater which some moulders swab with. 
One sometimes meets a m oulder who makes con
s ta n t use of a swab pot, and most moulders use 
i t  to  some ex ten t. I t  was th e  recurrence of 
trouble which caused the  w riters to  seek th e  source 
of scrap in  th is  dii’ection, and in th is  criticism  
corem akers and moulders a re  included. However, 
the  w riters fitted up an a rrangem ent of more or 
less sim plicity, and  m ade cores of stan d ard  design 
and size, b u t in  the  m aking of these cores vary
ing q u an tities  of w ater were used. The perm e
ab ility  figures obtained as a resu lt of these experi
m ents were m ost in teresting , and w ent to  show 
th a t  too much care could no t be given to  the pro
per and  equal tem pering  of sand, and th a t  th e  
m oulder m ust exercise every possible care in ascer
ta in in g  th a t  he does not add too g rea t a quan
ti ty  of w ater e ither as a resu lt of his facing  sand 
d ry ing  o r by swab po t methods. One is too ap t 
to  say th a t  as i t  is a d ry  sand mould i t  does not 
m a tte r  to  w hat ex ten t w ater is added. I t
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m atte rs  very largely, particu larly  previous to  ram 
ming or finishing, as wet sand  ram s much more 
closely th a n  a d ryer sand.

Table I I I  shows the  necessity for keeping a 
close con tro l on th e  in itia l m oisture con ten t A 
com parison of Xo. 2 Core w ith Xo. 5 Core demon
s tra te s  th e  effects of d ifferent degrees of ram minor, 
especially when th e  sand contains a large per
centage of w ater. “When th e  du rab ility  te s t is 
described, a n  a tte m p t will be made to  explain 
when i t  is necessary to  h a re  a large percentage 
of w ate r to  ob tain  a  m edium  bond.^

A ddition  o f TTufer to the Face of a Core,—H ere 
is an  a tte m p t to  produce sim ilar conditions to  a 
dried  sand  mould. The sand used in these tests 
was tak en  from' th e  corem aker's bench. I t  
dem onstrates when com paring Xos. 1 and  3 
aga in s t Xos. 2 and 4 th a t  th e  am ount of w ater 
sprayed on th e  face of a  core or mould should be 
kep t to  a  m inim um  although th e  mould is going 
to  be dried .

In  th e  perm eability  tes t-resu lts  shown the  per
m eability  is m easured by no ting  th e  tim e  taken  
to  force 100 c.c.s. o f a ir  th rough  a d ried  core 
24 in . dia. by 14 in. deep. (See F ig . 7.) The 
volume of a ir  is no t corrected for tem p e ra tu re  o r 
pressure. A “ b la n k ”  tim e  is ta k e n  for each 
set of cores in  o rder to  obtain  sim ilar pressure 
for d ifferen t cores.

[A t th is  stage two cores were tested  for per
m eability  by th e  use of a red  liqu id  in  th e  
g rad u a ted  tube , th e  mem bers being able to  see 
th is  when th e  100 c.c. m ark  was reached. By 
placing a rubber stopper in  th e  o u tle t orifice a 
te s t was tak en  to  see if th ere  was anv leakage. 
A soft ram m ed core took 29 secs, for 100 c.c.s. of 
a ir to  pass th rough , sim ilarly a  h ard er core under 
sim ilar conditions took 65 secs, for th e  same tes t.]

Durability.
An equally  im portan t phase is th a t  of du ra

bility , bv which is m eant th e  ability  w ith which 
sand can  be used and re-used, and a sand which 
has a low degree of du rab ility  m ay no t be pro
fitably used even though  th e  analysis, fineness, 
perm eability , and  cohesiveness te s ts  m ay ind icate  
its  su itab ility . Sands possess colloidal m a tte r , 
and  i t  is th is  which determ ines to  a very g rea t
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ex ten t the  d u rab ility  of th e  sand. The problem 
is d is tin c t from  the  problem of refractoriness or 
the resistance to  fluxing, as i t  is conceivable th a t  
every refractory- sand  m ight have a very short 
life. The behaviour of much colloidal m a tte r is 
d is tinguished by its dependence upon w ater, th e  
co n ten t of which varies both w ith  tem pera tu re  
and  th e  neighbouring vapour pressure. Upon 
subjection to  sufficient hea t these colloids are 
destroyed. T heir ability  to  tak e  up -water and 
again  become possessed of a  bond is lost, and  the 
sand  becomes dead. If  i t  is n o t sub ject to  too high 
a tem p era tu re  i t  will rehydra te  and can be used 
fo r fu r th e r  work. The life of a bond is controlled 
by th is  critica l tem pera tu re . M any clay bonds 
will s tan d  a h igh tem pera tu re  w ithout breaking 
down, b u t a re  u n fo rtuna te ly  subject to sin tering , 
and in  th is  condition they  lose th e  colloidal pro
p e rty  of again  tak in g  up  w ater and  consequently 
w ill no t again  tak e  up bond. A com bination of 
hydra ted  colloidal iron oxide and  clay will give 
a long-lived bond and one th a t  will readily 
rehyd ra te .

F rom  h ea ting  curves tak en  on various sands 
th e  au thors found a  fla t on th e  curve a t 
110 deg. C. and  another fla t between 480 deg. C. 
and 580 deg. C., on th e  m ajo rity  of them , which 
points o u t th a t  p ractica lly  all th e  w ater in the 
clay is driven off between these tem peratures.

R eferring  to  Table IV , th ree  sands were chosen 
fo r th is  tes t, fine, coarse, and  open grades. They 
were heated  uniform ly w ith thermo-couples 
embedded in  th e  sand. Green-bond tes ts  were 
carried  o u t as previously described. A cursory 
exam ination  of the  results shows the  fac t th a t  
road  sand decreases in  s tren g th  very rap id ly , the 
loss in  bond s tren g th  being 15.3 per cent, a t 
400 deg. C.

I f  i t  is assumed th a t  th e  life or du rab ility  of a 
m oulding sand depends en tire ly  on th e  am ount 
of bonding m ateria l i t  can re ta in  a fte r being 
subjected to  high tem pera tu res, i t  would be 
reasonable to  tab u la te  th e  th ree  sands as 
follow s: —

Mansfield No. 1.—H aving  the longest life w ith 
only 2.5 per cen t, loss in bond streng th  a t 
400 deg. C.
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Manchester Coarse No. 2.—W ith  a loss in  bond 
stren g th  of 5 per cent.

Road Sand  No.  3.—W ith  a loss in bond streng th  
of 15.3 per cent.

This o rder of m erit was borne o u t in tests 
carried  o u t for dehydra tion  and rehydration . 
Sands were heated  to  the  desired tem peratures 
and weighed. A fterw ards they  were en tirely  
oovered by w ater and allowed to  soak for 24 hours. 
A t the  end of th is  period th e  samples were heated  
to  110 deg. O. to  constan t weight and th e  increase 
in  w eight tak en  as th e  w ater of rehydration .

The w riters are  fully aw are th a t  the  dye- 
absorption  te s t is frequently  used for the m easure
m en t of colloidal m aterials, b u t a tes t to  be of 
any use to  the  foundrym an m ust show the  quality  
of th e  bond. The dye-nhsorption te s t is very 
m isleading when adopted for tes ting  m aterials 
like fine silioa flour, e tc ., as a te s t figure can be 
obtained although th e  m ateria l has little  stren g th  
or rehydra tion  value.

F rom  th e  hea ting  te s t figures i t  appears th a t  
the proper blending of a  sea sand and a bonding 
sand  is a su itab le  m ix ture for investigation to 
ob tain  a su itable long life sand, and it  would be 
of g re a t in te re s t to  foundrym en to  find the 
longest life  sand o r m ix tu re  of sands th a t  can be 
ob tained  locally w ithout having to  pay heavy rail 
charges.

Before leaving th is  subject i t  m ight be of 
in te re s t to em phasise th a t  two> of the  sands sub
jected  to  a tem p era tu re  of 700 deg. C. required 
more w ater to  obtain  a medium bond streng th . 
F rom  th is  po in t, heap sand contain ing a  large 
am ount of b u rn t sand  th a t  will not rehydra te  is 
no t su itab le  for use in  sand m ixtures as excess 
w ater is necessary to' ob tain  a w orking bond.

Blackings.
B lackings are substances used to  pro tec t the 

face of the  mould from unnecessary burn ing  and 
also to  ensure th a t  th e  casting  will leave the 
mould w ithou t th e  adherence of fused sand. Thus 
th ere  is an additional m eans of assisting and 
prolonging the  du rab ility  of the  sand. Blackings 
are of several varieties and  each has its  special 
advantages. Thev can be divided in to  th e  follow
ing g ro u p s :— (1) Carbonaceous m ateria l: (2)
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m ineral m ateria ls ; and (3) m ix tures of No. 1 
and  No. 2.

In  the  first group a re  included g rap h ite , coke, 
charcoal, etc. In  the  second group th e re  a re  
g round silica, ta lc  (soapstone), ch ina clay, cem ent, 
e tc ., and  these are  m ore correctly  defined as 
m ineral facings.

The blackings in  th e  th ird  group a re  m ost com
monly used an d  consequently appear to  be the  
best for investigation . W hichever of th e  
m ateria ls is used th e re  a re  vary ing  m ethods used 
in th e ir  p rep a ra tio n  and consequently i t  is found 
th a t  in m any instances w hat may appear to  be 
insign ifican t details g rea tly  affect th e  efficiency 
of th e  substance. D uring  the past few years the 
w riters have constan tly  sought for in form ation 
upon th is  subject and are  of the  opinion th a t
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many good blackings are badly applied and con
sequently influences are not readily  recognised by 
many, and  a good deal of su rp rise  was caused on 
the occasion when g rap h ite  cones were being sub
jected  to h ea t tes ts. These cones were placed 
on small pieces of cas t iron and a fte r subm itting  
them  to  a tem pera tu re  i t  was found th a t  they 
had actually  caused a drop in th e  m elting po in t 
of the  m etal in th e  im m ediate vicinity  of the 
cone. M any surface defects upon castings can be 
d irectly  a ttr ib u te d  to  blacking troubles.

Graphite.
This is the  most im portan t re frac to ry  m aterial 

used 'for facing mould surfaces. M any varieties 
are  offered for sale, the m ineral runn ing  from the 
p u res t type, i.e., flaky Ceylon quality , which is 
so p u re  th a t  i t  is used for th e  best class of 
pencils, to  th e  more common m aterial so lacking 
in the  greasy flaky characteristics of the  purer 
m ateria l as to  alm ost shade in to  a varie ty  of 
coal. (See Table Y .) The wide varia tion  in 
sam ples from  th e  sam e locality is very noticeable 
and i t  will be seen th a t  some Ceylon plumbago 
contains 99 p e r cent, carbon. This is in a fine 
form  th a t  has a g rea t covering power combined 
w ith  a slow ra te  of burn ing . O ther plumbagos 
are obtained  from  C um berland, B avaria , Canada 
and Mexico, w ith  ash  contents rang ing  from 
2 per cent, in  M exican to  32 p er cent, in 
B avarian .

Plum bago burns slowly when heated  to  a high 
tem p e ra tu re  w ith  a ir , and leaves an ash con ta in 
ing most of its  im purities, and as it  has no 
ap p a ren t action on clay or sand  i t  is used as a 
re frac to ry  separa ting  layer between th a t and the 
molten m etal.

Ground Coke.

Good h a rd  coke w ith a low ash and sulphur 
oontent ground to extrem e fineness in a ball mill 
and afterw ards sieved, when mixed with plumbago 
and a su itab le  b inder makes a satisfactory wet 
blacking for heavy dpy-sand moulds.

Ground Gas Carbon.
Owing to  the n a tu re  of its ash, etc., i t  is be tter 

than ground coke when mixed as a  wet blacking.
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I t  is more costly, however, and from  te s ts  ca rried  
o u t i t  appears th a t  ground  coke o r an th ra c ite  is 
m ore frequently  used th an  gas carbon. Consider
able skill is requ ired  in selecting , d ry ing , g rin d 
ing and  m ixing carbon fo r b lacking m anufac tu re . 
In  selecting  carbon, th e  class of coal used has to  
be considered as th e  percen tage  an d  composition 
of th e  ash are  of p rim ary  im portance. The tem 
p e ra tu re  and period of d ry ing  th e  carbon before 
g rind ing  requ ire  sk ilfu l jud g m en t an d  is  only 
a tta in ed  a f te r  long experience.

G round Charcoal.

T his is also used in  some o f th e  m ix tu res, th e  
best v a rie ty  being th a t  m ade from  h a rd  wood.

M ineral Facings.

Talc o r soapstone is of th e  m eta-silicic class 
H ,M g3 (SiO,)^. I t s  h ig h  percen tage  of m agnesia 
gives to  i t  a  soapy touch  sim ila r to  g rap h ite , b u t 
i t  can be read ily  d is tingu ished  from  th e  la t te r  by 
its  w hitish  appearance. I t  is fusible a t  tem pera
tu re s  lower th a n  g rap h ite  an d  w ater is expelled 
on h ea tin g . F rom  th is  i t  w ill he seen th a t  no 
difficulty is experienced w hen m ixed w ith  p lum 
bago fo r th in  castings, b u t i t  is to ta lly  unsu itab le  
for use on heavy classes’ of work.

The experience of th e  au th o rs  w hen using  a 
wet blacking con ta in ing  a  h igh  percen tage  of 
soapstone is to  find slag  spots co n ta in ing  gas 
holes on  th e  face of th e  casting . F rom  th is  i t  
would ap p ear th a t  any detached b lacking of th is  
n a tu re  m ixed w ith  san d  form s a  fusible slag, and  
th e  holes a re  form ed by th e  steam  g enera ted  by 
th e  expulsion of th e  combined w ater from  the  
soapstone. W hether o r n o t th is  assum ption be 
correct th e  troub le  was e lim inated  by th e  use of a  
b lacking con ta in ing  a  less percen tage  of M g, the  
o th e r conditions rem ain ing  th e  same.

Table V I shows various te s ts  ca rried  o u t on 
d ifferen t plum bagos, etc. F rom  a  s tudy  of th is  
tab le  th e  m ateria ls  used in  th e  various sam ples 
can be ascertained.

F rom  th e  analyses in  Table V II, No. 1 is 
undoubtedly th e  best and  gave th e  best resu lts  in  
th e  foundry. No. 2, w ith  2 p e r cen t, m ore ash,
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gave less trouble in the  foundry  th an  No. 3, p ro 
bably due to  a  h igher m elting  p o in t of its  ash.

From  th e  analyses of th e  ash one can calculate 
the approxim ate m elting  points upon a basis 
suggested by P ro s t. By th is m eans th e  following 
tem pera tu res  were o b ta in e d :— No. 1, 1300; No. 2,

F i g . 8 .— S c o t c h  B r i c k .

F i g . 9 .— S i l i c a  B r i c k .

1450: and No. 3, 1100 deg. O. F rom  these figures 
i t  would appear th a t  No. 2 w ith  a  m elting  p o in t 
of 1 4 5 0  deg. O. is th e  best of th e  th ree . One 
m ust ta k e  in to  consideration , however, th a t  th e  
ash con ten t is only 5.8 per cent, in  th e  sam ple 
No. 1 (1300 deg. C.) while in  No. 2 (1 4 5 0  deg. C.) 
i t  is 35.08 p er cent, and  in  No. 3 (1 1 0 0  deg. C .)  
i t  is 33.25 per c e n t . ; in  o rder to  ob ta in  a  b e tte r  
com parison, therefore, it  is necessarv to  tak e  in to  
account both carbon co n ten t of th e  plum bago and  
fusing tem pera tu res  of th e  ash.
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I f  a  figure of m erit is employed consisting of 
the  p roduct of these two the  resu lts are  as 
follow s:—No. 1, 1300 x 94.2 =  1220; No. 2, 
1450 x 64.9 = 940; and No. 3, 1100 x 66.7 =  733 
which correspond to  the resu lts obtained in 
practice.

Refractories for the Cupola.

In  discussing the  subject of refrac to ries used 
for cupolas i t  will be well to  bear in  m ind th a t  
th e  m ateria ls  used for th e  lin ing  and  patch ing  of 
a  cupola have been and  are  still unsatisfactory . 
Two d ifferen t m ethods of refrac to ry  lin ing  are 
used fo r cupolas. (1) L in ing  w ith  ra-dial fire
bricks, and  (2) ram m ing w ith a re frac to ry  tam ped 
m ateria l, e ith e r by h an d  or by compressed a ir. 
The question as to  which is th e  more suitable and  
economical depends on local conditions and 
qua lity  of m a te ria l used before a conclusive 
opinion can be expressed.

I t  is a n  invariab le  princip le  in  ceramics th a t  
basic corrosion should he m et w ith  basic bricks, 
and  acid corrosion w ith  acid  bricks. The 
chemical actions th a t  occur when m elting an 
iron-coke-lime charge, requ ire , in  addition  to 
considerable m echanical s tren g th , a m ateria l which 
in  its  chem ical composition offers resistance to  
th e  decomposing action . To th e  foundrym an th e  
special requ irem ents of a  re frac to ry  cupola lin ing  
is “  th e  longest possible life .”  Acid linings are 
chiefly used for th e  cupola, a lthough a ttem p ts  
have been m ade to  use basic linings, h u t w ith 
unsatisfac to ry  results.

W ithou t going in to  the  characteristics of the 
basic, n eu tra l and  acid m ateria ls such as 
m agnesite, dolomite, z irk ite , a lundum  or car
borundum , chrom ite, zircon, carbon, fireclay, 
silica and  gan is te r, e tc ., i t  can  be safely said th a t  
fireclay bricks for lin ing  purposes give th e  best 
satisfaction . They, a re  less expensive, easy to 
instal, and requ ire  less care in  handling th an  any 
o ther re frac to ry  m ateria l. F o r pa tch ing  and 
repairs , gan is te r is th e  m a te ria l commonly used, 
b u t th is  m ateria l, in  th e  m ajo rity  of cases is 
carelessly p repared  and  applied. G anister should 
be prepared  24 hours before use, and  the  proper 
consistency is reached when sufficient w ater has 
been added to  cause th e  gan is ter to  form  a hall
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th a t  does n o t fall a p a r t  in the hand. Before 
applying, i t  is best to  remove all th e  slag from 
the lin ing face and wash th e  old surface over w ith 
slu rry  of the  same m ateria l as is being used; th is  
helps th e  g an is te r to adhere to  the  wall. P a tc h 
ing  a cupola w ith wet gan ister ju s t  th row n on the

F i g . 1 0 .— S c o t c h  a n d  G a n i s t e r .

F i g . 1 1 .— S c o t c h  w i t h  F ir e c l a y  a n d  S ea  S a n d .

wall is a bad practice. I t  is realised th a t  w-hen 
using these m ateria ls th e re  is a  considerable 
expense for repa irs  and stoppages, and  any 
inform ation on th is  subject is g rea tly  appreciated  
by foundrym en.

A lthough th e re  is no t a wide v a ria tio n  in these 
analyses i t  was found th a t  No. 3 (Table V III)  
gave the  m ost sa tisfac to ry  resu lts over a twelve 
m onths’ tes t. The chief 'difference between clav 
firebricks does no t lie in the clays used or the  
analyses of th e  bricks. G rind ing  and  m ixing
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operations to ensure uniform  and suitable 
m ateria l, th e  burn ing  and finishing tem peratures 
reached in  m anufacture, accuracy in th e  shape 
and  size of the  finished brick, absence of cracks 
and fissures and, when broken, absence of cavities,

F i g . 1 2 .— S c o t c h  a n d  N o . 1 C e m e n t .

F ig .  13 .—S cotch and N o . 2 Cement.

are  th e  chief po in ts which help to  form  a suitable 
and reliable brick.

E very  foundrym an knows th a t  when lin ing a 
cupola i t  is more desirable to  use blocks specially 
made for th e  purpose th an  the  o rd inary  shaped 
fire brick, bu t the  au tho rs  wish to  point ou t here 
th a t  m any would be g reatly  surprised if they 
tested  six of the  blocks a t present in th e ir  stocks 
for un ifo rm ity  and accuracy of shape. W hen 
form ing a circle w ith cupola blocks as commonly
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supplied i t  is p ractically  impossible to  avoid a 
num ber of wide jo in ts , these, together w ith  su r
face cracks on the face of the bricks, a re  th e  
s ta r tin g  points for slag p en e tra tio n , which appears 
to be the g rea te s t difficulty th a t  has to be over
come to  ob tain  a sa tisfac to ry  lin ing.

F ig .  14.-— S c o t c h  a n d  N o . 4  C e m e n t .

F i g . 1 5 .— S c o t c h  a n d  N o . 5 C e m e n t .

Lining Corrosion.
W ith  reg ard  to  th e  action of slag on th e  fu r

nace lin ing, th e  au thors have observed th a t  th in ly  
fluid lim e slags do no t a ttack  th e  cupola lin ing  
to the  same ex ten t as sem i-fluid and more 
viscous slags do. The n a tu re  and  chem ical com
position of the  fu rnace  lin ing  appears to  be of 
g re a t im portance to th e  conditions of th e  slag, 
and i t  is fully realised  th a t  it  is the  slagging and
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not th e  resistance to  heat of th e  lin ing  m aterial 
th a t  governs th e  life of th e  lin in g  In  consider- 
ing  th e  action  inside th e  cupola th e  su lphur in 
th e  coke burns in  an  excess o f a ir  to  su lphur 
dioxide in  fro n t of th e  tuyeres. This gas
decomposes an d  form s ferrous-snlphide and 
terrons-oxide w here th e  iron  has a  b rig h t red  
glow, both of these constituen ts can be absorbed 
by th e  hot m etal.

I n  te s ts  ca rried  o u t on electric  and  o ther fu r
naces w ith  acid  lin ings for steel m anufactu re , it  
is a well known fa c t th a t  desu lphurising  agents 
will not ac t sa tisfac to rily  if free silickT acid is 
present, i .e. ,  uncombined w ith  th e  clay. The p u r
pose of a basic slag is to  combine w ith  SiO; and 
to  become silicates w ith  absorbed ferrous and 
m anganous oxide. The w riters have no t been able 
to  c a rry  o u t sufficient te s ts  to  sa tisfy  them selves 
th a t  lime combines w ith  any free  silicic acid in 
the  lin ing  m ateria l, which would allow more 
su lphu r to  e n te r  th e  m etal and  also hasten  the  
decomposition o f th e  lin in g. A brick, a f te r  the  
bu rn ing  process in  th e  k iln , con tains practically  
all of th e  silicic acids combined in  th e  clay. 
W hether free silicic acid in  a  lin ing  is de trim en ta l 
o r n o t is a  m a tte r  th a t  is suggested fo r fu r th e r 
research, th e  fac t is however borne o u t th a t  
bricks con ta in ing  a  fa ir  percentage of grog have 
a  longer life  th a n  a pu re  clay brick. I t  can be 
said then , th a t  a  cupola slag is a p roduct of the 
tran sfo rm a tio n  occurring  in  th e  cupola and  con
sists of silicates o f lime, m anganous and  ferrous 
oxides, alum ina and  d iso lv ed  free silica.

A good index to  th e  possibility of lin ing  
erosion is  th e  slag composition. This is hom e 
out- bv th e  analyses o f slags from  te s ts  carried  
o u t w ith  vary ing  blast pressures, o th e r conditions 
in  th e  cupola rem ain ing  constan t. From 
Table IX  i t  w ill be seen th a tX o .  1 slag  shows the  
least lin in g  erosion, b u t u n fo rtu n a te ly  th e  melt
ing  ra te  of th e  m etal in  th e  cupola is too slow for 
economical operation . Xo. 2. w iih a blast p res
su re  of 9 ozs. and  a  volume o f a ir  of 2.-160 cub. f t . 
p e r  m in. fo r a 37-in. c-upola appears to  be the 
m eet satisfactory .

Refractors Coatings.
The technical li te ra tu re  of th e  p ast few year- 

has made reference to  the  use of th in  coatings of
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high re frac to ry  .m aterials on lower re frac to ry  
m aterials. Invariab ly  th e  la t te r  have th e  b e tte r  
bond, an d  are  used in everyday practice . Some 
m ateria ls used for th is  purpose would appear to  
be technically  useless, b u t th e  reactions which 
occur on th e  lin ing  face of a  cupola  and th e  face 
of a  mould can, in  th e  m ajo rity  of cases, only be 
assumed. C riticism  of any experim ents to  
increase th e  life  of these faces should therefo re  
be guarded. The au thors apprecia te  th e  fac t 
th a t  i t  would be fu tile  to  p u t coatings on re frac 
to ry  m ateria l when th e  co-efficient of expansion 
or th e  sh rinkage of th e  two m ateria ls  varies 
m aterially , th e  au thors also realise th a t  in  some 
cases a laboratory  experim en t which is th e  neces
sary guide, differs m aterially  when adop ted  in  the  
foundry. Any coating, if i t  is to  be a com
mercial proposition, m ust im prove density  and the  
mechanical s tren g th  of th e  su rface  and thus p ro
tec t th e  lin ing, aga in s t abrasion, th e  cu ttin g  
action of the  flames and a g a in s t p ene tra tion  by 
slag. Tests have been m ade with a  vieiv to  p ro
ducing a satisfactory  coating  m ateria l for cupola 
linings.

E xperim ents were made w ith  a  slag of No. 2 
composition plus 0.5 per oent. su lphu r laid  in 
hollows cu t in firebricks, some of which have been 
th in ly  covered w ith d ifferent re frac to ry  cements. 
The photographs show the dep th  of slag p en e tra 
tion. (Figs. 8 to  15.)

Table X gives a tab u la ted  resu lt of th e  slag 
penetra tion  tests, toge ther w ith  the  composition 
of the  re frac to ry  cem ents used in th e  experim ents. 
C om paring No. 8 w ith  No. 9, i t  will be seen th a t  
a cupola slag pen e tra ted  a silica brick very 
rapidly . No. 12 was coated w ith  No. 1 cem ent 
consisting of 66 per cent, alundum  powder and 
34 per cent, lime, whioh ap p ears  to  be a  good 
re frac to ry  cem ent. This was borne o u t in  p rac
tice, a  th in  coating  of th is  cem ent on th e  facfl 
of th e  cupola gave sa tisfac to ry  results , especially 
when used over the  brick jo in ts  of a re lined 
cupola.

The au tho rs  wish to  th an k  the  M etropolitan- 
V ickers E lectrical Company, L im ited , Trafford 
P a rk , M anchester, for perm ission to  give the 
paper.
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H ouse, B irtley , Co. D urham .

B. 1925. A rdem , W . J .  A ., 23, S t. M ichaels
H ill, H andsw orth , B irm ingham .
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N . 1921. A rm stro n g -W h itw o rth  & Co., L td ., S ir 
W . G. (Subscrib ing  F irm ), Close 
W orks, G ateshead-on-T yne.

M. 1926. A rm strong , H ., 20, S h afte sb u ry
S tree t, S tock ton-on-T ees.

N . 1920. A rrow sm ith , J .  K ., 4, D ean  R o ad , 
S o u th  Shields.

L nes. 1924. A rsta ll, J . ,  “  K en m arlean ,”  B ack ,
B ow e, H y d e , C heshire.

M. 1927. A shm ore, B enson P ease  & Co., L td ., 
(Subcrib ing  F irm ), P ark fie ld  W orks, 
S tockton-on-T ees.

L. 1925. A shwell, E . C., “ K e n w y n ,” S tafford  
R oad , W addon , C roydon.

B. 1924. A ston , A ., “ H o lly  B a n k ,”  Sedgley 
R o ad , W est T ip to n , S taffs.

L. 1911. A ston , W . H ., 46, E ag le  W h arf R o ad , 
L ondon , N .

B . 1921. A th ey  (M ajor), J .  W ., F o rd a th  E n g .
Co., L td ., H a m b le t W o rk s , W est 
B rom w ich.

N . 1918. A ynsley, W . B ., 62, B a th  L ane,
N ew castle -on -T yne.

L . 1925. B agshaw e, A. W . G., D unstab leW orks, 
D u nstab le .

B. 1920. B all, F . A ., c/o  B all B ros., S tra tfo rd - 
on-A von.

Sc. 1923. B a llan ty n e , H . D ., 91, D ru m o v er
D rive, P a rk h e a d , G lasgow.

M. 1926. B arbou r, A . R ., B on L ea  H ouse ,
T h o m a b y  -on -Tees. »

L . 1923. B argellesi, G ., v ia  M adam a, N .9  Ter- 
ra ra , M ilan, I ta ly .

B. 1922. B arnsley , W . G., T he L im es, C hurch 
R oad , N e th e rto n , n r. D udley .

L . 1911. B a r tle t t ,  A . R ., 1, L ow er P a rk  R o ad , 
B elvedere, K en t.

L. 1923. B a rtra m , J . ,  369, G rove G reen R o ad ,
L ey to n sto n e , E . l l .

M. 1926. B ashfo rd , T . E ., “  H illingdon ,”  S ou th  
R oad , N orton-on-T ees.

E .M . 1921. B a tes , W . R ., U n ited  S teel C om panies, 
L im ited , Ir th lin g b o ro ’ Iro n  W orks , 
W ellingboro’.

Year
B ’nch. of MEMBERS.

Election.
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Gen. 1926. B ax te r, J .  P ., M orro Velho, E .F .C ., 
R aposos M inas, B razil, S. A m erica.

W . & 1922. B ayley , J .  P ., “ T y-gw yn,” 4, W est- 
*'-■ field R oad , C ly tha P a rk , N ew port,

Mon.
L . 1920. B eech,A . S .,97, Queen V ic to iia  S tree t, 

L ondon , E.C.
Sc. 1910. Bell, W ., 1, George S tree t, A irdrie.
—  1922. Bell, W m . D ixon, 72, W alpole R oad ,

Itch en , S ou tham pton .
L. 1926. Belling, C. R ., 10. Glebe A venue,

E nfield, M iddlesex.
L . 1919. B enbow , M., “ O m bersley,” C arring

to n  R oad , D a rtfo rd , K en t.
L ncs. 1925. B en n e tt, A ., 112, Old R oad , F low ery 

F ie ld , H yde , Cheshire.
L . 1926. B en n e tt, F . H ., “ H o ly rood ,” 12,

K ilm arton  R oad , G oodm ayes, 
E ssex.

S. 1920. B enson, E . C., 303, Fulw ood R oad,
Sheffield.

W .R . 1922. B en tley , J .  N ., P lan ta tio n  H ouse,
of Y . H u ll R oad , Y ork.
L ncs. 1922. B en tley , L. A ., W ood E nd , B rom ley 

Cross, B olton.
B . 1924. B ethell, R . P ., 51, S u tto n  R oad ,

W alsall, Staffs.
B . 1925. B e ttin son , C. L .. N ew  B ond S tree t 

Ironw orks, B ardesley.
E .M . 1915. B igg, C. W ., Som eries, D arley  L ane, 

A llestree , n r. D erby .
S. 1918. B iggin, F ran k , R ye Lodge, A shland 

R oad , Sheffield.
S. 1921. B irchall, T .,L a teb rook  H ouse,G olden - 

h ill, S toke-on-T ren t.
N . 1921. B irtley  Iro n  C om pany (Subscribing 

F irm ), B irtley , Co. D urham .
B. 1922. B lackburn , W . A., “ W ynsill,” L ich 

field R oad , R ushall, Staffs.
L . 1927. B lackw ell, F . O., 29, W estboum e 

R oad , L u ton , Beds.

Year
B’nch' t,, °A MEMBERS.Election.
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Gen. 1919. B lair, A ., 7, D erryvolg ie  A venue,
B elfas t.

B . 1912. B oo te , E . M ., 11, L y d g a te  R o ad , 
C oven try .

L . 1912. B o o th , C. C., M ildm ay W orks, B u m - 
ham -on  -C rouch.

E .M . 1919. B o o th , J .  H ., F le tto n  Spring  H ouse , 
P e te rb o ro u g h .

L . 1920. B o o th , P . M., 4, E rc liin g h am  P a rk  
R o ad , C hurch E n d , F inch ley , X .3 .

W .R . 1922. B oyle, J . ,  Sw ann & D av idson . L td .,
of Y . C arrick  F o u n d ry , S tann ing ley ,

L eeds.
X . 1922. B ra ilsfo rd , A ., 18, E lsw ick  R ow ,

X ew castle-on-T yne.
S. 1921. B reakey , J .  E ., A bbeydale  H all,

D ore, n r . Sheffield.
L . 1926. B rendle, T . F .,  B u rm a  R ailw ay

Q uarte rs , In se in , L ow er B urm a.
Lncs. 1914. B ridge, W ., 199, D rak e  S tree t, R o c h 

dale , L ancs.
S. 1922. B righ tside  F o u n d ry  a n d  E ng ineering

Co., L td . (S ubscrib ing  F irm ), 
X ew hall Ironw orks, Sheffield.

M. 1926. B ritish  Chilled R o ll & E ng ineering  Co., 
L td . (Subscrib ing F irm ), E m p ire  
W orks, H a v e rto n  H ill, M iddles
b ro u g h .

L ncs. 1919. B road , W ., 230, D um ers L ane, R ad - 
cliffe, L ancs.

S. 1922. B row n, E . J . ,  11. X ew lyn  P lace, 
W oodseats, Sheffield.

W .R . 1917. B row n, P ., P a rk  W orks, L ockw ood,
of Y . H uddersfie ld .
S. 1919. B row n, P . B ., C arsick  G range, Sheffield
L ncs. 1924. B ruce, A ., “ R ose B a n k ,”  Sw anpool 

L ane, A ugh ton , O rm sk irk , L ancs.
B . 1926. B uchanan , G ., X iag a ra  F o u n d ry  Co.* 

L td ., B rad ley , n e a r  B ilston .
Gen. 1922. B ull, R . A ., 541, D iversey  P a rk w ay , 

Chicago, 111., U .S .A .
L . 1924. B ullers, W . J . ,  W ate rloo  Iro n  F o u n d ry , 

W illow  W alk , B erm ondsey , S .E .l .

Tear
B’nch. of M KM B K RS.

Election.
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Y ear
B’nch. of M EM BERS.

E lection .
L ncs. 1924. B ullock, T . W ., “  S h irley ,”  W arrin g 

to n  R oad , R ainh ill, L iverpool.
E .M . 1910. B u n tin g , H ., 17, M arcus S tree t, 

D erby .
E .M . 1905. B u rder, K . M., “ C lavering ,” A shby 

R oad , L oughboro’.
B . 1922. B u m , A. J .  H ., 34, Old R oad ,

L lanelly , S. W ales.
W .R . 1922. B urn ley , H .,N o rc ro ft F ound ry , L iste r
of Y . H ills, B rad fo rd , Y orks.
S. 1923. B u tle r, J . ,  63, D eepdale R oad , R o th e r

h am .
L ncs. 1926. B u tto n , L. J . ,  294, N antw ich  R oad , 

Crewo.
M. 1909. C addick, A. J . ,  18, M arton  R oad , 

M iddlesbrough.
Lncs. 1926. C adm an, E ., 69, M anchester R oad , 

Fairfie ld , M anchester.
L . 1927. Calder, N . G., 68, Conyers R oad ,

S trea th am , L ondon, S.W .16.
Sc. 1917. C am eron, J .  (C am eron & R o b erto n , 

L im ited ), K irk in tilloch .
Sc. 1919. C am eron, T . P . (C am eron & R o b e r

to n , L td .), K irk in tilloch .
S. 1922. C am m ell L aird  & Co., L td ., (S ub 

scrib ing  F irm ), Cyclops Steel and  
I ro n  W orks, Sheffield.

Sc. 1927. C am pbell, H . D ., Shaw  (Glasgow) L td ., 
M aryhill Iro n  W orks, Glasgow.

Sc. 1911. C am pion, A. (H onorary  Life), 3,
S tra th v iew  G ardens, B earsden, 
G lasgow .

S. 1923. C an trill, W . H .,249,C hatsw orth  R oad , 
C hesterfield.

N . 1912. C arm ichael, J .  D . (Life), S yden
h am  T errace , Sou th  Shields.

N . 1912. C arm ichael, J .  D ., Ju n ., O .B .E . (Life),
“ R ed lea ,” G rasm ere G ardens, 
H a rto n , South  Shields.

S. 1918. Carnegie, W ., F irs  H ill H ouse, P its-
m oor, Sheffield.

L . 1919. C arpen te r, H . C. H ., P rof. (H on.),
30, M urray  R oad , W im bledon, 
S.W .19.



B’nch. of ' M EM BERS.
Election.

S. 1921. C astle, Geo. C yril, 141, R u stlin g s  
R o ad , E ndcliffe, Sheffield.

Lncs. 1905. C hadw ick, J .  (Life), 12, N u tta l l  T e r
race, B o lton .

L ncs. 1919. C hadw ick, J .  N . (Life m em ber), School 
H ill Iro n w o rk s , B o lton .

L. 1919. C heesew right, W . F . (Col.), D .S .O ., 
“  P a d g h a m ,” D alling ton , Sussex.

L. 1925. Chell, E ., A .M .I.M ech.E ., 68, F e rn - 
dene R o ad , L ondon, S .E .24.

Gen. 1923. C lam er, G. H ., 129, So. B erkeley  
S quare , A tlan tic  C ity , N .Y .

L. 1925. C lapp, H . B ., 25a , B ro ad  B ridge
S tree t, P e te rbo rough , N . H a n ts .

Lncs. 1918. C lark, A ., 133, D en to n  R o ad , A uden- 
shaw , M anchester.

S. 1922. C lark , G., 61, W estb o u m e R oad ,
Sheffield.

L. 1915. C lark , H . S., 17, F iley  A venue, S toke  
N ew ing ton , L ondon , N .16.

M. 1926. C lark , W . H ., 90, M arton  B u m  R o ad , 
M iddlesbrough.

E.M . 1927. C larke, A. S., “ L y n d esfa rn ,”  L e i
cester R oad , L oughborough.

B. 1926. C larke, W . H ., 16, H olly  R oad ,
E d g b asto n , B irm ingham .

L. 1917, C leaver, C., 10, R in g cro ft S tree t,
H ollow ay, N .I .

W. & 1917. C lem ent, W . E ., M orfa F o u n d ry , New
M. D ock, L lanelly .

L. 1913. Coan, R ., A lum in ium  F o u n d ry , 219, 
Goswell R oad , E .C .l .

Sc. 1917. C ockbum , N ., 48, M urrayfield  G ar
dens, E d in b u rg h .

L. 1925. C ockram , G. F ., 54, M urray  R oad , 
Ip sw ich .

L. 1926. Coggon, H . F ., A u g u st’s Muffle F u r 
naces, L td ., T h o rn  T ree W orks, 
K ing  Cross, H alifax .

N. 1926. Colls, F . C., C larendon  H ouse, C lay 
to n  S tree t, N ew castle.
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Year
oE, MEMBERS.

E lection .

L. 1922. C oll, J . ,  C om andancia G eneral de
Ingenieros, Seville, Spain.

N . 1912. Collin, J .  J . ,  55, C leveland R oad , S un 
de rlan d .

N . 1916. Collin, T . S., 4, A rgyle Square, S u n 
d erlan d .

N . 1922. C onsett Iro n  Co., L td . (Subscribing 
F irm ), C onsett, Co. D urham .

B. 1904. Cook, F . J . ,  31, P op la r A venue,
E d g b asto n , B irm ingham .

Lncs. 1911. Cooper, C. D ., D olphin  F oundry ,
Chapel S tree t, A ncoats, M anches
te r.

N . 1921. Cooper, J .  H ., 5, T rin ity  R oad ,
D arlin g to n . ,

L . 1919. C orby, S. F . (R . B. D ou lton , L td .),
L am b e th  S an ita ry  Engineering 
W orks, A lbert E m bankm en t, 
L o n d o n , S .E .l.

Lncs. 1924. Cowlishaw, S. D ., 7, Tem ple S tree t, 
B asford , S toke-on-T ren t.

L. 1925. Cowper, L ., 159, E versleigh  R oad, 
L avender H ill, S .W .ll .

E .M . 1914. Cox, J .  E . (The R u tla n d  F ound ry  
C om pany, L im ited), Ilkeston .

B. 1919. Craig, A ., E arlsdon  H ouse, E arlsdon , 
C oventry .

Lncs. 1924. Craig, A.
B . 1922. C ram b, F . M., 5, T riangle Villas,

Oldfield P a rk  R oad , B a th .
L. 1910. Cree, F . J . ,  F a ir  View, H u n tley

G rove, P eterborough .
L . 1920. Creek, W ., 2, E leano r R oad , S tr a t 

ford , E .
L . 1911. C reighton, T . R ., T he F o und ry , S tep 

n ey  C ausew ay, E .
Lncs. 1927. Crewdson, C apt. R . B ., 16, N orfolk 

C rescent, H yde  P a rk , L ondon, W .
W .R . 1922. C roft, F ran k , Crofts, L td ., B radford .
of V.



B. 1920. Cross, J .  K „  152, Y ard ley  W ood
R o ad , M oseley, B irm ingham .

L. 1923. C urtis, A. L ., 39, L ondon  R o ad ,
C h a tte ris , C am bs.

M. 1926. C rosthw aite , C., T h o m a b y  H all,
T h o m a b y  -on -Tees.

M. 1926. C rosthw aite , L td ., R . W . (Subscrib ing 
F irm ), U nion F o u n d ry , T h o rn ab y  
on-Tees.

L ncs. 1925. D aniels , W ., 74, S m e th u rs t L ane, 
B o lton .

N . 1925. D arlin g to n  R a ilw ay  P la n t and
F o u n d ry  Co., L td . (S ubscrib ing  
F irm ), B a n k  T op , D a rlin g to n .

Gen. 1926. D arn is , I .  S., R am p as de U rib i ta r te  
,  2 -1 , B ilbao , S pain .

Lncs. 1926. D av en p o rt, J . ,  M yrtle  B ank , G rim - 
sa rgh , P res to n .

Gen. 1919. D avies, P . N ., 29, B runsw ick  R o ad ,
B runsw ick, M elbourne, V ic to ria , 
A ustra lia .

L. 1923. D aw es, C. E ., 26, K es to n  R o ad , 
W est G reen, N .15.

Lncs. 1924. D aw son, S. E ., 8, L y n to n  P a rk  R o ad , 
Cheadle, H u lm e, C heshire.

L ncs. 1924. D eak in , F ., 14, Belfield R o ad , R e d 
d ish , S to ck p o rt.

B. 1918. D eakin , W ., 7, G eorge S tree t, P a rad e , 
B irm ingham .

Gen. 1925. D ean , J .  P ., c/o  H oare  & Co. (E n g i
neers), L td ., P .O . B ox 22, C olom bo, 
Ceylon.

Sc. 1927. D eas, Jo h n , c/o Jo h n  D eas & Co., 
Iron founders, M arke t S tree t, 
Glasgow, E .

M. 1919. D eas, P ., 4, B lenheim  T errace , C oat- 
ham , R edcar.

L . 1925. D elpo rt, V ., (C apt.), 2 -3 , C ax ton  
H ouse, S .W .l.

B . 1924. D enham , H ., “ B irchw ood ,” W alsa ll 
R oad , A ldridge, S taffs.

S. 1917. D esch, C. H ., D .Sc., P h .D ., F .R .S .,
F .I.C ., T he U n iv e rs ity , Sheffield.

B’ncli. of MEMBERS.
Election.
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Election.

L. 1926. D ew s, H . C. (D ewrance & Co.),
165, G reat D over S tree t, S .E .l.

B . 1921. D icken , Charles, H ., 2, Ash S tree t, 
D aisy  B ank , B ilston .

S. 1924. D idden , C apt. F . G. J „  M .I.M eeh.E .,
B road  E lm s L ane, Ecelesall. 
Sheffield.

L . 1914. D obson , W . E ., “  N ew lyn ,”  G rand 
D rive , R aynes P a rk , S.W .

B . 1926. D odd , W ., 68, A llport R oad , Cannock,
S taffs.

L . D onaldson, T . (J . I .  T hom ycro ft
a n d  Co., L td .), W oolston W orks, 
S ou tham pton .

L ncs. 1918. D ough ty , E ., 54, S t. M ary’s R oad , 
M oston, M anchester.

Sc._ 1911. D ou lton , 13. (Life), 3, B erry lands,
S u rb iton . Surrey .

31. 1927. D ow ning, A. G., 2, O xford S tree t,
S tockton-on-T ees.

S. 1921. D uckenfield , W ., 47, D unkeld  R oad , 
E celesall, Sheffield.

L . 1925. D u m a n , F ., 43, Grove R oad , Mill-
houses, Sheffield.

L ncs. 1926. D u rran s, J . ,  T he C roft, Penistone.
S. 1921. E d g in to n , G., S ilverdale ,S t.M argare t’s

D rive, Chesterfield.
B . 1922. E d w ard s, A ., “ D u n b a r,”  Old B a th  

R oad , C heltenham .
N . 1921. E ld red , E . J . ,  8, F o rd  S tree t, G ates

head  -on-Tyne.
L . 1909. E llio t, A ., In g a te  Ironw orks, Beccles.
L . 1904. E llis, J . ,  20, L am boum  R oad , Ciap-

h a m  Ju n c tio n , L ondon , S .W .4.
S. 1918. E lliss, J .  A ., 217, M iddlewood Road,

Sheffield.
S. 1913. E lse, L . EL, 79, Osborne R oad,

Sheffield.
Sc. 1925. E nglish , J . ,  c/o  Miss G ranger, 9,

P rospect S tree t, Camelon, F alk irk .
L . E ph ra im , V . R ex, 21, Cromwell R oad,

L ondon, S .W .7.
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L. 1919. E step , H . Cole, T he P en to n  P u b lish 
ing  Co., P e n to n  B u ild ing , C leve
land , Ohio, U .S.A .

L. 1926. E v an s , S., 60, B rian  B o ad , N o rb u ry , 
S.W .16.

E .M . 1918. E v an s, W . T ., M ount P le a sa n t,
Sunny  H ill, N o rm an to n , D erby .

S.> 1920. F airho lm e, F . C., N orfo lk  W orks,
Sheffield.

Lncs. 1926. F a rr in g to n  S teel F o u n d ry  of L ey land  
M otors, L td . (Subscrib ing F irm ), 
L ey land , L ancs.

L. 1908. F au lk n e r, V . C., 49, W elling ton
S tree t, S tran d , L ondon , W .C.2.

S. 1910. F easey , J . ,  192, W est P a rad e , L incoln .
N . 1918. F ender, B ., 15, K en ilw orth  R oad ,

M onkseaton , N o rth u m b erla n d .
B . 1914. F ield , H ., “ G lenora ,”  R ichm ond

A venue, W o lverham pton .
B . 1904. F inch , F . W . (H onorary ), 52, D e n 

m a rk  R o ad , G loucester.
S. 1914. F ir th , A ., 50, C larendon R o ad , FuJ- 

wood, Sheffield.
S. 1914. F ir th ,  F . W ., “  S to r th  O ak s,”  R an - 

m oor, Sheffield.
M. 1926. F isher, F . E ., 2, A lb ert T errace ,

H a v e rto n  H ill, M iddlesbrough.
Gen. 1907. F lagg, S. G. (H onorary ), 1,407, M orris 

B uild ings, P h ilade lph ia , P enn ., 
U .S.A .

B . 1923. F lavel, P ., B u sh b u ry  L odge, L eam in g 
ton .

B . 1922. F le tch er, J .  E ., M .I.M ech.E . 8,
S t. Ja m e s  R oad , D ud ley , S taffs.

Lncs. 1923. F low er, E ., 7, M arlborough S tree t, 
H ig h er O penshaw , M anchester.

W. & 1907. F o n ta in e , C., D ock F o u n d ry ,N ew p o rt, 
M. Mon.

Sc. 1917. F orbes, J .  T ., 176, W est George
S tree t, Glasgow.

B . 1926. F o rd a th  E ng ineering  Co., L td . (S u b 
scrib ing  F irm ), H am b le t W orks, 
W est B rom w ich.

Year
H’ncn. of MEMBERS.

Election.
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W .R . 1922. F o rrest, H ., 43, B eaum on t R oad ,
° f   ̂ ■ M anningham , B radfo rd .
N . 1919. F o rtu n e , T . C., 76, F a lm o u th  R oad , 

H ea to n , N ew castle-on-Tyne.
B. 1919. Fosseprez, G., 3, R ue du  G rand  Jo u r , 

Mons, B elgium .
B . 1920. F oston , G. H ., Iv y  B ank , B alsall 

Comm on, B erksw ell, n r. C oventry .
1926. F ox , F . S., 5532, W ebb A venue, 

D e tro it, M ichigan, U .S.A.
W .R . 1925. F ram e, J .  Y ., 19, Sherburn  S tree t,
of Y. H u ll.
L . 1926. F rance , G. E ., 105, R ightcliffe R oad , 

C rosland Moor, H uddersfield .
L. 1920. F ra n k , A. C., “ R ozel,” K n a tch b u ll 

R oad , H arlesden , N .W .
Sc. 1920. F rase r, A. R ., C raigard, B earsden, 

Glasgow.
N. 1914. F rie r, J .  W ., 5, N o rthum berland  Villa6, 

W allsend-on-T yne.
L. 1919. F iu m sto n , A. C., H ope C o ttag e ,2 11, 

N eville R oad , L etchw orth .
W . & 1924. G alle tly , J .  P ., B en Cleuch, Pencisely  

M. R oad , Cardiff.
N . 1912. G allon, M. E ., “ T he P ines,”  L ondon 

R oad , N r. Petersfield , H an ts .
N . 1921. G ard iner, E . T ., H oppy land  H ouse, 

A lb e rt H ill, B ishop A uckland.
Sc. 1919. G ardner, J .  A ., 24, S ou th  H am ilton  

S tree t, K ilm arnock.
L . 1922. G ardom , J .  W ., 39, S t. P e te rs  R oad , 

D u nstab le , Beds.
W .R . 1922. G arfo rth , E . P ., 48, H aslingden  D rive,
of Y . T oller L ane. B radfo rd .
Lncs. 1922. G arner & Sons, L im ited  (Subscribing 

F irm ), V ictoria  S tree t, O penshaw, 
M anchester.

L n cs. 1922. G arn e tt, N ., B u ry  New R oad , K ersal, 
M anchester.

L ncs. 1919. G artside, F ., 18, George S tree t, Chad- 
d e rton , Lancs.

L. 1922. G ibbs, A. F ., 5i>, G ordon R oad , 
W anstead , E . l l .

Year
fi'nch. of MEMBERS.

Election.
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L. 1927. G ibson, F ., 257, N ew ton  R o ad , A sh 
ford , K en t.

N. 1925. Gill. C. S., W estb an k , C onse tt, C o u n ty  
D urham .

Sc. 1920. G illespie, P ., “ G leno ra ,”  F a lk irk
R o ad , B onnybridge .

Sc. 1925. G illespie, W . J .  S., U re A llan  P a rk , 
B onnyb ridge , S tirlingsh ire .

E.M . 1915. G im son, H ., “ R h o seo ly n ,” T oller
R o ad , L eicester.

E .M . 1906. G im son, S. A ., 20, G lebe S tre e t,
L eicester.

S. 1905. G oodwin, J .  T ., M .B .E ., M .I.M ecb.E .
R ed  H ouse, O ld W h ittin g to n , 
C hesterfield.

N. 1922. G ordon-L uhrs, H en ry  (E . T . W h ite  
an d  Co. (1920) L td .) , C lare H ouse, 
K ingsw ay, L ondon , W .C .2.

M. 19^6. G ore, G. E ., “  R o sed en e ,”  A ustin
A venue, S tock ton-on-T ees.

W .  & 1917. G ould, P . L ., V ulcan F o u n d ry , E a s t  
M. M oors, Cardiff.

W . & 1918. G ould , W . C., 7, B ro ad  S tree t, B a rry . 
M.

Sc. 1921. G raham , J . ,  68, Sherbrooke A venue, 
M axw ell P a rk , G lasgow.

Lncs. 1922. G randison, W . H ., 15, G ordon R oad , 
C lovelly  E s ta te , W orsley  R o ad , 
Sw inton.

L. 1926. G range, R ., S t. J o h n ’s C o ttage , 87,
S ou thend , H am p stead , N .W .3 .

Lncs. 1920. G ran t, G. C. (Sir W . G. A rm stro n g , 
W h itw o rth  & C om pany , L im ited ), 
A sh to n  R o ad , O penshaw , M a n 
chester.

N . 1921. G ray , C. R ., 14, L a tim e r S tre e t,
T y nem ou th .

L. 1926. G ray , T . H „  119, H igh  H o lb o rn ,
W .C .l.

B . 1925. G reensill, G. B ., “  L y n n ,” Jo c k e y
R o ad , S u tto n  Coldfield.

N. 1912. G reensitt, R . H ., 24, S tu a r t  T errace , 
Felling -on-T yne.

B’nch of MEMBERS.
Election.
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E.M . 1920. G reenwood, R ., The In te rn a tio n a l 
C om bustion  E ngineering  Co., 
D erby.

N . 1917. G resty , C., 101, Q ueen’s R oad , Monk- 
sea ton .

W. & 1906. G riffiths, H ., 70, P a rtrid g e  R oad , 
M. Cardiff.

S. 1910. H adfield , Sir R . A. (H on.), H adfields, 
L m u ted , H ecla  W orks, Sheffield.

E .M . 1927. H adfield , S., W hite  Lodge, K eyham , 
n ea r Leicester.

L ncs. 1906. H aigh , J . ,  “ S toneclough,” C arr L ane, 
S andal, W akefield.

W . & 1924. H aines, A. D ., P en y b ry n , T ynypw ll 
M. R oad , W hitchu rch , Glam.

W .R . 1919. H aley , G. H ., N ab  W ood H ouse, 6,
of Y . T ow er R oad , Shipley, Y orks.
L . 1926. H all, S., 31, R ob in  H ood  R o ad , 

B ren tw ood , E ssex.
Lncs. 1923. H am m ond , R ., 37, C hurch R oad , 

Sm ith ills, B olton.
E.M . 1914. H am m ond , W m ., Sam son F ound ry , 

S yston , L eicester.
Lncs. 1904. H am pson , F . R . (J . E v an s & Com 

p an y ), B ritan n ia  W orks, Cross 
S tree t, B lackfriars, M anchester.

S . 1926. H am p to n , C. W ., 5, C horley D rive, 
Fulw ood, Sheffield.

S. 1925. H ardw ick , H ., C em etery R oad , D ron- 
field, n r. Sheffield.

G en. 1910. H arley , A ., A shlea, S toke P a rk , 
C oventry .

B . 1925. H arp e r, W . E ., D ud ley  F o u n d ry  Co., 
L td ., M oor L ane, B rierley  H ill. 
Staffs.

L. 1918. H a rris , A. J .  A. (C apt.), 41, H igh 
R o ad , B a lb y , D oncaster, Y orks.

M. 1926. H a rro d , H ., 15, E gglestone T errace, 
S tock ton-on-T ees.

L ncs. 1918. H a rtley , W m . A lexr., S tonebridge 
F o u n d ry  C om pany, L im ited , Colne.



800

Gen. 1922. H arv ey , A ndré, 118, Spring R o ad , 
. K em p sto n , B edfo rd .

S. 1909. H atfie ld , W . H ., D .M et., T he B row n 
F ir th  R esearch  L ab o ra to ry , P r in 
cess S tree t, Sheffield.

N . 1921. H aw th o rn , Leslie & C om pany , R .
& W . (Subscrib ing  F irm ), S t. 
P e te r ’s W orks,N ew castle-on-T yne.

L. 1926. H earn , J .  E ., C raig-y-don, W est H ill. 
L u ton .

L ncs. 1925. H ea tle y , J . ,  146, R ed lam , B lack b u rn .
L ncs. 1918. H elm , R . W ., c/o  F ran c is  H elm , L td ., 

V ic to ria  F o u n d ry ,P a d ih a m , L ancs.
Gen. 1926. H enderson , P .C ., M .P ., T h e  R ig h t 

H o n . A r th u r  (H o norary ), 33, 
E cc le s to n  Square , L o n d o n , S .W .l.

Lncs. 1923. H ensm an , A. R ., 121, P ly m o u th
G rove, C harlton-on-M edlock , M an
chester.

N. 1913. H e rb s t, M. B ., 23, Saltw ell View, 
G ateshead  - on - T y n e .

L ncs. 1926. H esk e th , F .,  Y arrow  C ottage , B ro ad  
L ane, R ochdale .

Lncs. 1925. H esk e th , F . J . ,  23, M uriel S tre e t, 
R ochdale .

Sc. 1917. H e th e iin g to n , R ., 105, W est G eorge 
S tree t, G lasgow.

Lncs. 1926. H e th e rin g to n  & S ons,L td ., Jo h n , (S ub 
scrib ing  F irm ) V ulcan  W orks, 
P o lla rd  S tree t, M anchester.

B . 1926. H ic a tt ,  H . J . ,  S o u th  B an k , B rierley  
H ill, S taffs.

L . 1927. H ickm an , G. E ., G reensteps, P a rk
Chase, G uildford .

L. 1926. H ider, G. E ., U p to n  F o u n d ry ,T o rq u a y .
W . & 1912. H ird , B ., “ W o odco t,”  U p p e r Cwm-
M. b ran , n r. N ew port, Mon.

L. 1923. H obbs, F . W . G., S ta n d a rd  B rass 
F o u n d ry , P .O . B ox 229, B enoni, 
T ran sv aa l, S.A.

Sc. 1919. H o d g a rt, H . M ., V ulcan W orks,
P ais ley .

Lncs. 1923. H odgkinson , A ., F o rd  L ane  W orks, 
P en d le to n , M anchester.

B'nch. of MEMBERS.
Election.
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Lncs. 1914. H odgson, A ., 14, P a rk  R ange, V ictoria 
P a rk , M anchester.

L ncs. 1912. H ogg, J . ,  321, M anchester R oad ,
B urn ley , L ancs.

L ncs. 1927. H o llind rake  H . (H . H o llind rake
& Sons, L td .), P rinces S tree t,
S tockpo rt.

1919. H olm es, C. W . H ., M .M et., c/p
B irtley  Iro n  Co., B irtley , Co. D u r
ham .

1924. H om er, W . A ., 87, F rederick  S tree t, 
W alsall, Staffs.

1914. H ood, Jo h n  M cLay (Life), 54, M axw ell 
D rive, Pollokshields, Glasgow. 

Lncs. 1919. H orrocks, B ., 1, Je rsey  S tree t, A shton- 
under-L yne.

1920. H ousby , I . ,  345, N orw ich R oad , 
Ipsw ich.

Lncs. 1922. H ow ard  & B ullough , L td . (S ub
scrib ing  F irm ), A ccrington, L ancs.

1924. H u n t, N . H ., 1, A lbem arle S tree t, 
P iccad illy , W .l .

1920. H u n t, R . J . ,  “  G reenhills,” E a rls  
Colne, E ssex.

1920. H u n te r, H y ., 1, M anor T errace, T y n e
m outh .

Lncs. 1917. H u n te r, H . E ., B arto n  H a ll E ngine 
W orks, P a tr ic ro f t, M anchester.

1919. H u n te r, Sum m ers, C .B .E ., J .P .,  1, 
M anor T errace, T ynem outh .

1907. H u rren , F . H . (The R over C om pany, 
L im ited), M eteor W orks, C oventry ,

1920. H u rs t , F . A ., W oofindin A venue, 
R anm oor, Sheffield.

1927. H u rs t, H ., 35, A lice S tree t, Paisley. 
1914. H u rs t ,  J .  E ., N ew ton  C ham bers and  

Co., L td ., C hapeltow n, Sheffield.
1925. H u tto n , R . S., D .Sc., T he G reenway, 

H igh  W ycom be, B ucks.
1911. H yde, J .  R ., A .M .I.M ech.E ., 27, H a s t

ings R oad , M illhouses, Sheffield.
1922. H yde , R o b e rt & Son, L td . (Subscrib

ing  F irm ), A bbeydale F o und ry , 
W oodseats, Sheffield.

801
Year

2 d

Lncs. 1927.

N. 1919.

B. 1924.

Sc. 1914.

Lncs. 1919.

L. 1920.

Lncs. 1922.

L. 1924.

L. 1920.

N. 1920.

Lncs. 1917.

N. 1919.

B. 1907.

S. 1920.

Sc. 1927.
S. 1914.

L. 1925.

S. 1911.

S. 1922.
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Sc. 1925. H y m an , H ., P h .D ., 55, D ixon  A venue, 
Crosshill, G lasgow.

S. 1915. Jack so n , L ., E ng ineer L ieut.-C om -
m an d er, R .N ., A n trim  A venue, 
P a rk  L ane, Sheffield.

Lnes. 1925. Jad o u l, J .  E ., 28, D aisy  B an k  R o ad , 
L ongsigh t, M anchester.

L. 1925. Jam es, A. W ., 1, B room hill R oad ,
Ipsw ich .

L. 1926. Jam es, J .  A ., 101, S toke R o ad , Slough,
B ucks.

L . 1911. J a rm y , J .  R .,  “  A jaccio ,” A bbey  R o ad , 
L eiston , Suffolk.

Gen. 1927. Jen k in s , A ., 5c, S tra d a  M olins, Cos- 
p icua, M alta .

W . & 1924. Jen k in s , T ., 51, T y d v il S tree t, B a rry .
M.

S. 1917. Jen k in so n , S. D ., C rom w ell H ouse , 
W incobank , Sheffield.

L . 1904. Jew son , H ., N orw ich R o ad , E a s t
D ereham , N orfolk .

L . 1921. Jew son , K . S., 4, Coopers T errace ,
G earing R oad , D ereham , N orfolk .

E.M . 1909. Jo b so n , V ., T he D erw en t F o u n d ry  
C om pany, D erby .

L ncs. 1920. Jo lley , W ., B reeze H ill, U rm s to n
L ane, S tre tfo rd , M anchester.

Lncs. 1922. Jones , G. A ., 54, F o x  S tree t, E dgeley , 
S tockpo rt.

B . 1925. Jo n es , O. P ., 25, R a th b o n e  R oad ,
B earw ood, B irm ingham .

S. 1921. K ayser, J .  F ., 30, O akh ill R o ad ,
N e th e r E dge, Sheffield.

Lncs. 1925. K elly , A. F .,  31, W in d b o u rn e  R oad , 
S t. M ichaels, L iverpoo l, S.

L. 1917. K elly , J a s .,  74, R o therfie ld  S tree t,
N .I .

Lncs. 1922. K en t, C. W ., 16, B eech G rove, W ith - 
in g ton , M anchester.

Lncs. 1919. K enyon , W . H ., “ S unny  B a n k ,”  
W halley  R oad , A ccrington.

Year
B’nch of MEMBERS.

Election.
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Lncs. 1910. K enyon , M. S., W aterloo , W halley  
R oad , A ccrington.

Lncs. 1904. K enyon, R . W .. E n tw istle  & K enyon, 
L im ited , A ccrington.

h. 1927. K essell, C. E . (Vickers, L td .), R iver 
D on W orks, Sheffield.

Lncs. 1907. K ey , A. L ., 271, R eddish  R oad , S. 
R edd ish , S tockport.

Sc. 1927. K idston , R ., Springbank, F a lk irk .
Sc. 1914. K ing, D ., K eppock  Ironw orks, Possil

P a rk , Glasgow.
Sc. 1904. K ing , J . ,  100, W elling ton  S tree t, 

Glasgow.
W . & 1924. K insm an , W . S., 116, M iskin S tree t, 

M. Cardiff.
Sc. 1919. K in n a ird , George, 21, St. A nn’s D rive, 

G iifnock, Glasgow.
M. 1926. K innell & Co., L td ., Chas. P . (S ub

scrib ing F irm ),V ulcan  Iro n  W orks, 
T h o m ab y  -on -Tees.

S. 1925. K itch ing , W . T ., c/o Jo h n  Fow ler, 
D on F o u n d ry , Sheffield.

L. 1922. L ake, W . B ., M ount P lace, B ra in tree , 
E ssex.

L. 1921. L am b ert, W esley, “ W hite fria rs ,”  41, 
B rom ley  R oad , S .E .6.

Sc. 1907. L andale , D . (Life), 36, G reat K ing  
S tree t, E d inburgh .

B . 1919. L ane, F . H . N ., 46, H o lyhead  R oad , 
C oventry .

Gen. 1922. L ane, H . M., 333, S ta te  S tree t, D etro it, 
M ichigan, U .S.A.

L. 1927. L arke , W . J . ,  Sir, K .B .E ., “ E a s tb u rn .” 
S t. J o h n ’s R oad , Sidcup, K en t.

B . 1927. L a th e , A ., “  W estlands,”  C am pion 
R oad , W olverham pton .

W.& 1925. Law rence, E dw ard , 39, Pen-y-dre, 
M. R h iw bina, n r. Cardiff.

L . 1921. Law rence, Geo. D ., 5, Clare R oad , 
L ey tonstone , E . l l .

Lncs. 1918. Layfield, R . P ., 42, M arsden R oad , 
B urnley .

Year
B'nch of MEMBERS.

Election.

2 d 2
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B. 1909. Lee, H ow l & C om pany, E ng ineers, 
T ip ton .

S. 1920. L eetch , S., 126, P i t t  S tree t, R o th e r 
ham .

—  1922. L eonard , J .  (H on.), 41, Q uai du
C anal, H e rs ta l, B elgium .

Lncs. 1922. Lew is, A. H ., 6, C overdale A venue, 
H ea to n , B olton .

W. & 1924. Lew is, B . E ., 6, T y  G w yn R o ad , 
M. P o n ty p rid d .

W .R . 1922. L ia rd e t, A. A ., L ey lan d  M otors, L td .,
of Y . L ey lan d , L anes. •
N . 1920. L illie, G ., “ B loom field ,”  S tra th m o re  

R o ad , R ow lands G ill, D u rh am .
S. 1913. L it tle , J . ,  20, S t. A n n ’s S quare ,

M anchester.
L . 1922. L ittle to n , W . H ., 29a , W arb eck  R o ad , 

A nerley , S.E .20.
S. 1926. L iversidge, B ., 6, N elson S tree t,

R o th e rh am .
B . 1926. L loyd , W ., 285, A r th u r  S tree t, Sm all 

H e a th , B irm ingham .
N . 1918. L ogan, A. (R . & W . H aw th o rn , L eslie 

& C om pany, L td .) , S t. P e te r ’s 
W orks, N ew castle.

L ncs. 1921. L ongden, E d ., 158, M anley R o ad , 
M anley P a rk , M anchester.

S. 1904. L ongm uir, P ., D .M et., 2, Q ueens R o ad , 
Sheffield.

Lncs. 1913. L ongw orth , T. P ., M oorside, H orrocks 
F o ld , B olton .

W .R . 1913. L ox ton , H ., H ill B ros., N ev in  F oun-
of Y . d ry , Leeds.
E .M . 1913. L ucas, J . ,  “ Sherw ood,”  F o re s t R o ad , 

L oughborough .
L . 1922. L uke, C. H ., “  R o sly n ,” L yonsdow n, 

N ew  B a rn e t, H e rts .
L. 1921. L um , H a rry , 54, P a rk  R o ad , D a rtfo rd ,
Sc. 1925. M cA rthur, J . ,  “  H a w th o rn ,” Shields

R o ad , M otherw ell.
W . & 1922. M cClelland, J .  J . ,  “  D ru s ly n ,”  81, 

M. B ishops R o ad , W h itch u rch , G lam .
N . 1922. M cCrory, C., 5, S ta tio n  R o ad , W all- 

send-on-T yne.

B’nch. of MEMBERS.
Election.
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N . 1924. M cD onald, J . ,  T he V illa, W illington 
Q uay-on-T yne.

Sc. 1919. M cFedries, T ., 17, K irk tonho lm  S tree t, 
K ilm arnock.

S. 1916. M cG rah, F . E ., 19, L onsdale R oad , 
W  o lverham pton .

L . 1919. M cIn tosh , A. E ., 1, Ecclesbourne
A venue, D ufiield, D erbyshire.

Lncs. 1924. M acK ay, M., 109, E d m u n d  S tree t, 
R ochdale.

Sc. 1914. M acK enzie, A lex. D ., 35, B ra id  R oad , 
E d in b u rg h .

Sc. 1910. M ackenzie, L. P ., 5, P o lw arth  T errace, 
B alcarres S tree t, E d inburgh .

Sc. 1922. M cK innon , G avin, 1477, D u m barton  
R oad , S eo tstoun , Glasgow.

Sc. 1923. M cK in ty , J . ,  229, 82nd S tree t, B rook
lyn , N .Y ., U .S.A.

L ncs. 1921. M cL achlan , Ja s .,  2, B roadoaks R oad , 
W ashw ay R oad , Sale, n r. M an
chester.

Gen. 1922. M cLain, D . (H on.), 710, G oldsm ith’s 
B uild ings, M ilwaukee, W is., U .S.A.

N . 1923. M ackley, J .  R ., 20, Beaconsfield
A venue, Low F ell, G ateshead-on - 
T yne. ^

Lncs. 1923. M cLean, C. G ., 14, Je m m e tt S tree t, 
P reston .

N. 1918. M cPherson, T ., M .B .E ., 53, P ercy
P a rk  R oad , T ynem ou th .

B . 1910. M cQueen, D ., 6, A nchorage R oad ,
E rd in g to n , B irm ingham .

Sc. 1918. M cTurk, J .  B ., D o rra to r Iro n  C om 
p an y , F a lk irk .

B . 1925. M addock , D . W ., 21, W aterloo  R oad , 
W elling ton , Shropsh ire .

Lncs. 1917. M akem son, T ., 21, B eresford  R oad , 
S tre tfo rd , M anchester.

S. 1921. M ander, T. G., N orris D eakin  B u ild 
ings, K ing  S tree t, Sheffield.

Lncs. 1919. M ark land , T. W ., 327, Tonge Moor 
R oad , B olton.

B’nch. of MEMBERS.
Election.
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B . 1924. M arks, A ., F .I.C ., A .M .I.M ech .E .
Lncs. 1922. M arsden & Son, J .  (Subscrib ing  

F irm ) ,188,R eg en t R oad ,L iverpoo l.
S. 1922. M arshall, J . ,  “ T he W illow s,” B arrow  

H ill, C hesterfield.
L. 1922. M artin , M. J .  (M artin  & Sons), 18, 

College R o ad , Y ork  R o ad , S .E .l .
L. 1924. M ason, W . C., R ich a rd so n  & C ruddas, 

B y cu lla  Iro n  W orks, B om bay ,
In d ia .

B . 1927. M ason, W . H ., 32, L o rd  S tree t,
B rad ley , B ilston .

L. 1911. M ather, D . G. (M ather & Sm ith),
A shfo rd  F o u n d ry , S o u th  View,
G odin ton  R o ad , A shford.

S. 1915. M ather, T ., S ou th  V iew, C arholm e
R oad , L incoln.

N. 1912. M athew s, W ., 82, S t. P e te rs  R o ad , 
H o ly  Cross, W illing ton  Q uay-on 
T yne.

L. 1926. M atth ieson , R ., 37, C lareside, E nfield , 
M iddlesex.

L. 1923. M aybrey, H . J . ,  B .A ., D .I.C ., 22a, 
G loucester R o ad , S o u th  K e n s in g 
to n , S.W .7.

L . 1921. M ayhew , C. M., 60, E w esley  R o ad , 
Sunderland .

Lncs. 1917. M eadow croft, W m . H ., 10, H am ble- 
don  View, H ab erg h am , B u rn ley .

Lncs. 1919. M edcalf, W ., 265, M anchester R o ad , 
B u rn ley , L ancs.

B . 1927. Mees, J .  H „  129, K ing  W illiam  S tree t, 
A m blecote, S tourb ridge .

S. 1922. M elm oth , F . A ., “ T he C h a le t,” Iv y  
P a rk  R o ad , S an d y g a te , Sheffield.

M. 1926. M ercer, J .  E ., W indsor H ouse , C rom 
w ell T errace , T hornaby-on-T ees.

Lncs. 1912. M ilburn , J . ,  H aw k sh ead  E ng ineering  
W orks, W ork ing ton .

Gen. 1919. Miles, F . W .
S. 1921. Miles, R . (M ajor), C hapeltow n, n r. 

Sheffield.

Year
B’nch. of MEMBERS.

Election.
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Lncs. 1916. Milos, R d . A ., 46, D ean  L ane, N ew ton 
H ea th , M anchester.

Sc. 1927. M iller, J . ,  7, E ildon  V illas, M ount 
F lo rida , Glasgow.

Lncs. 1918. Mills, H ilton , 9, S tocks, A lkrington, 
M iddleton, Lancs.

Gen. 1924. Mills, R . C., 90, K elsey S tree t, W ate r - 
b u ry , Conn., U .S.A.

Gen. 1923. M itchell, A. M., 470, V ictoria A venue, 
M ontreal, C anada.

Sc. 1920. M itchell, W . W ., D arroch , F a lk irk .
L ncs. 1921. M offat, W m ., L inden  H ouse, Chapel- 

en-le-F rith .
Gen. 1910. M oldenke, D r. R . (H on. M em ber), 

W atchung , N ew  Y ork.
N . 1919. M olineux, W . J . ,  2, W hiteha ll R oad, 

G ateshead.
L . 1925. M oore, A. H ., S tan d a rd  B rass F o u n 

d ry , B enoni, S. A frica.
E.M . 1914. M oore, H . H ., H olm w ood, L eicester 

R oad , Loughborough.
L . 1926. M oorw ood, H . S., Onslow H ouse,

Sheffield.
M. 1927. M orley, S. H ., 13, Peel S tree t,

T hornaby-on-T ees.
N . 1912. M orris, A ., P allion  F o und ry , S under

land .
B . 1925. M orris, D ., c/o M orris (E ng ineers)L td ., 

G reatbridge, B irm ingham .
L . 1925. M undey, A . H ., F ry ’s M etal F o u n d ry , 

42, H o llan d  S tree t, S .E .l.
B . 1926. M urrary , J .  V ., 80, M anor H ouse

R o ad , W ednesbury .
S. 1925. N elson, C., 93, H aw ksley  A venue,

H illsb ro ’, Sheffield.
S. 1918. N ewell, E rn est, M .I.M eoh.E ., T he

T hom e, M isterton , via  D oncaster.
N . 1912. N ew ton , J .  W ., F lo ra  H ouse, Cobden 

S tree t, D arlin g to n .
L ncs. 1920. N ew ton , Sam , L ino type  & M achinery 

L td ., A ltrincham .
L. 1924. N ika ido , Y. (L ieut.-C om .), H iro

N aval W orks, K ure , Ja p a n .

Year
B’nch. of MEMBERS.

Election.
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N. 1913. N oble, H „  “ T he C edars,” Low  F ell, 
Co. D urham .

Lnes. 1924. N oor, M oham ed S., 1, Zaki P ach a  
B uild ings, G heit E l E d d a , A bdin , 
Cairo, E g y p t.

L. 1913. N orm an , A. J . ,  43, D u nvegan  R oad , 
E lth a m , S .E .

L. 1927. N orm an , G. L ., B asin g h u rs t, N ig h t
ingale R o ad , G uildford .

S. 1923. N o rth , T he H on ., J .  M. W ., “ L in d en 
h u rs t ,” Chesterfield.

N . 1921. N o rth -E a s te rn  M arine E ng ineering
C om pany L td . (Subscrib ing F irm ), 
W allsend-on-T yne.

Lncs. 1918. O akden, E ., A .M .I.C .E ., F u r th e r  H ey , 
W oodley, n r. S tockpo rt.

L . 1917. O ’K eefe, W m ., 62, S tan h o p e  S tree t, 
B irm ingham .

N . 1920. O liver, R ., 35, E d ith  S tree t, Ja rro w - 
on-Tyne.

Lncs. 1921. O rm erod, J . ,  24, B a r re t t  S tree t,
B ury .

S. 1913. O sborn, S., C lyde Steel W orks, Shef
field.

L. 1906. Oswald, J . ,  S leaford  F o u n d ry , N ine  
E lm s L ane, S.W .8.

L. 1919. O tto , C. A ., 22, O w enite S tree t, A bbey  
W ood, S.E .

B . 1918. O ubridge, W . A., M .I.M .E . (B ritish
P is to n  R in g  C om pany, L im ited ) 
H o lb rook  L ane, C oventry .

S. 1921. Oxley, G. H ., N o rto n  G range, n r  
Sheffield.

S. 1915. Oxley, G. L ., V ulcan F o u n d ry , A tte r
cliffe, Sheffield.

S. 1910. Oxley, W ., V ulcan F o u n d ry , A tte r  
cliffe, Sheffield.

N . 1921. P a lm er’s S h ipbu ild ing  & Iro n  Com
p a n y  L td . (Subscrib ing  F irm ) 
H eb b u m -o n -T y n e .

W .R . 1922. P a rk e r , W ., 11, M ayfield M ount
of Y . H alifax .

Year
B’nch. of MEMBERS.

Election.
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E.M . 1905. P ark er, W . B ., 3, M urray  R oad , 
R ugby.

W .R . 1907. P ark inson , J . ,  Shipley, Y orks.
of Y.
S. 1924. P arram ore , A ., Caledonian F o und ry , 

C hapeltow n, Sheffield.
N . 1923. Parsons, F . H ., “ A vondale,”  H ea ton  

P a rk  View, H eaton , N ew castle.
N. 1.915. Parsons, H y . F ., “  A vondale,”

H ea to n  P a rk  View, H ea ton , N ew 
castle.

N . 1912. P a tte rso n , R . O., T horneyholm e, 
W ylam -on-Tyne.

N . 1912. P au lin , W . J . ,  1, S tann ing ton  Grove, 
H ea ton , N ew castle.

E .M . 1924. Peace, A. E ., C larem ont, L ittleover 
H ollow , n r. D erby.

B. 1924. Pearce, J .  G., B .Sc., D irector, B ritish  
C ast I ro n  R esearch  A ssn., 24, 
S t. P a u l’s Square, B irm ingham .

E.M . 1913. Pearson , N . G. (L ieut-C ol.), B eeston 
F o u n d ry  Com pany, L im ited , B ees
to n , N o tts .

L ncs. 1909. P ell, J . ,  17, M ersey S tree t, R ose- 
g rove , B urn ley , L ancs.

Lncs. 1922. P e lla tt , D . L., 43, H aw tho rn  R oad, 
D eane, B olton.

M. 1926. P en n in g to n , D . G., L ea  Close, M id
d le to n  S t. George, Co. D urham .

Lncs. 1927. P enrose, J . ,  190, H orsedge S tree t, 
O ldham .

E.M . 1918. P erk ins, J .  E . S., “ H illm orton ,”
T he P a rk , P eterborough .

B . 1920. P erks, C., Phoenix Castings, L td ., 
C oventry.

Lncs. 1919. P errym an , W ., 17, H u rs t S tree t, B ury .
L . 1926. P isek , D r. M ont. F r. T echnical H igh  

School, B rno , Czechoslovakia.
L . 1926. P e tte rs , L td . (Subscribing F irm ), 

W estland  W orks, Y eovil.
—  1927. Ph illips, E . A ., L aceby, n ear G rim sby.
Lncs. 1922. P lace, J .  H ., S ta tion  R oad , Simon- 

stone , n r . P ad iham , L ancs.

Year
B ’ach oi MEMBERS.

Election.
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B ’nch of MEM BEKS.
Election.

—  1919. P lay e r , E ., Cow Lees, A stley ,
N r. N u n ea to n .

E.M . 1922. P ochin , R . E ., 246, Posse R oad ,
Sou th , L eicester.

Lncs. 1922. P o llard , J .  T ., 7, Pow ell S tree t,
B urn ley .

W .R . 1912. P o llitt, E . E . (P o llitt & W igzell),
of Y . Sow erby B ridge.
Lncs. 1924. Pollock & M acnab (Subsid iary), L td .

(Subscrib ing F irm ), B red b u ry , n r. 
S tockport.

L ncs. 1926. Poole, J . ,  “  C levelands,”  B u ry  N ew  
R o ad , W hitefield  M anor.

W .R . 1922. Poole, W . H „  K ings G rove, V illa
of Y . R oad , B ingley , B radfo rd .
S. 1923. P o rte r , H . W ., 78, R inginglow  R o ad , 

Sheffield.
B. 1919. P o tt ,  L. C., T he H ard w are  Mfg. Co., 

H ig h b u ry  L ane, C heltenham .
E.M . 1924. P o tte r , W . C., “ K en w aly n ,” Syke- 

field A venue, L eicester.
S. 1926. P ressw ood, B . A . C., S o u th  A uston , 

n r. Sheffield.
S. 1908. P restw ich , W . C., “ T he H allow es,”  

D ronfield, Sheffield.
L . 1926. P rio r, W . H ., 62, A nda lu s R o ad , 

L ondon , S .W .9.
Sc. 1920. P rim rose , Jam es M., M ansion H ouse  

R o ad , F a lk irk .
Lncs. 1927. P rim rose, J .  S. G ., 17, S a lisbu ry  R o ad , 

C ho rlton -cum -H ardy , M anchester.
B. 1924. P ritch a rd , P ., “  E a s tc o te ,”  S t. A gnes 

R oad , M oseley, B irm ingham .
E.M . 1904. Pulsford , F . C., “ K en m o re ,” San- 

dow n R oad , Leicester.
Gen. 1922. R am as, E . (H onorary ), 2, R u e  de 

C onstan tinop le  P lace  de l ’E u rope , 
Paris.

N . 1912. R ang , H . A. J . ,  2, S t. N icholas B u ild 
ings, N ew castle-on-T yne.

L ncs. 1919. R an icar, W ., 1, P a r r  S tree t, T y ldesley , 
Lancs.

Year



So. 1923. R a ttra y , W . J . ,  c /o  B u m s & Co., 
L td ., H ow rah , Bengal, In d ia .

S< 1921. R aw lings, Geo., 23, B anner Cross
R oad , Sheffield.

Sc. 1920. R ennie, A ., “ K ilnside ,” F alk irk .
Sc. 1927. R ennie , W ., “ A rden lea,”  C um ber

nau ld , D um bartonsh ire .
Lnos. 1919. R head , E . L ., P rof. (H onorary), Col

lege of Technology, M anchester.
L . 1923. R hydderch , A .,
W . & 1925. R ichards , C. E ., 53, M erches G ardens,

M. G range, Cardiff.
L ncs. 1919. R ichardson , W . B ., H ope F ound ry , 

F am w o rth , n r. B olton.
Sc. 1911. R iddell, M., D im goyne, 35, A y toun  

R oad , Pollokshields, Glasgow.
M. 1926. R id sda le , N . D ., 3, W ilson S tree t, 

M idd lesb rough .
M. 1926. R itch ie , R . J .  H ., Cam bridge H ouse, 

L in th o rp e , M iddlesbrough.
M. 1926. R obb ins, A. G., 19, N ew com er T e r

race, R edcar.
B . 1923. R o b erts , E ., 117, R ad fo rd  R oad ,

L eam ington .
B . 1919. R oberts , G. E ., “ R osedale ,” E arlsdon  

A venue, C oventry.
Lncs. 1921. R oberts , G. P ., 153, B randlesholm e 

R oad , B u ry , Lancs.
Sc. 1922. R obertson , D onald  M., G arrison C ham 

bers, F a lk irk .
L ncs. 1927. R obinson , F . O. " B raem a r,” B irch- 

field R oad . \ \  idnes.
W .R . 1908. R obinson. J .  G., 17, G ib ra lta r R oad ,
of Y . H alifax .
Lncs. 1912. R oe, S., 23,G ran tham  S tree t, O ldham .
Gen. 1909. R onceray , E . (H on.), 3. R ue  P au l 

Carle, Choisy-le-Roi, Seine, P aris, 
F rance.

Gen. 19f5. R opsy , P . A ., 27, R ue D odoens, 
A ntw erp , Belgium .

B . 192 J. R oxbu rgh , W ., 29. C lifton R oad,
R ugbv.
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S. 1918. R ussell, F ., o/o G eneral R efrac to rie s  
C om pany, L im ited , W icker A rches, 
Sheffield.

E.M . 1924. R ussell, P . A ., 88, D u lv e rto n  R oad , 
L eicester.

E.M . 1906. R ussell, S. H ., B a th  L ane, L eicester.
N . 1915. Sanderson, F ., 10, W estg a te  R o ad ,

N ew castle-on-T yne.
S. 1921. Sandfo rd , J . ,  46, Clifford R o ad , Shef

field.
N . 1915. S aunders, J . ,  B orough  R o ad  F o u n d ry , 

S underland .
B . 1921. S cam pton , C has., S o u th  A venue,

S toke  P a rk , C oventry .
M. 1927. Scholes, A ., A lm a H ouse , J u n c tio n  

R o ad , N orto n -o n -T ees.
L ncs. 1927. Seddon, W . E ., 14, Sam uel S tree t, 

R ochdale .
B . 1910. S ex ton , A. H u m b o lt (H on. L ife), 6, 

C larendon  R o a d , S t. H elier,
J e rse y , C .I.

L. 1922. Shannon, H ., 112, M adrid  R oad ,
B arnes, S.W .

Sc. 1920. Sharpe, D aniel, 100, W elling ton  S t., 
Glasgow.

S. 1906. Shaw , J . ,  M ount V ernon , 15, W este rn  
P a rad e , Southsea.

L. 1907. Shaw , R . J . ,  41, D o rse t R o ad , S ou th  
E aling , W .5.

M. 1922. Shaw , W . (Subscrib ing  F irm ),
W elling ton  C ast Steel F o u n d ry , 
M iddlesbrough.

S. 1908. Sheepbridge C. & I. C om pany, L im ited
(Subscrib ing F irm ), Sheepbridge 
W orks, Chesterfield.

B . 1922. Shenai, S. D ., E a s t  R oad , T .D .
T em ple, Cochin, E . In d ia .

L . 1927. Shepherd , H . H ., o/o C rane B e n n e tt ,
L td ., N ac to n  W orks Ipsw ich , 
Suffolk.
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Lncs. 1907. S herbum , H . (Life), c /o  R ichm ond 
Gas S tove an d  M eter Com pany, 
L im ited , G rappenhall W orks, W a r
ring ton .

Lncs. 1905. S herbum , W . H . (Life), R otherw ood, 
S tock ton  H ea th , W arring ton .

L. 1912. Shillitoe, H ., “ W estw ood,” P o tte r ’s 
B ar, N .

N . 1920. Shipley, H . J . ,  E a s t  C ottage, D elacour 
R oad , B laydon-on-T yne.

Lncs. 1907. S im kiss, J . ,  A bing ton  H ouse, H yde 
R oad , G orton , M anchester.

N . 1913. Sim m , J .  N ., 61, M arine A venue, 
M onkseaton.

Lncs. 1924. Sim pson, H ., 102, E d m u n d  S tree t, 
R ochdale.

S. 1926. S ingleton, T ., 2, W arw ick S tree t, 
Sheffield.

Sc. 1926. Skinner, F . J . ,  L ochend  H ouse, M ary- 
h ill, Glasgow.

W .R . 1921. Slingsby, W ., H ighfield  V illa, K eigh-
of Y . ley.
L . 1925. Sm all, F . G ., “  M eliden,”  B u rdon

L ane, Chearn.
N. 1921. Sm alley, O., P a rk  V illa, T hrybergh , 

R o therham .
Sc. 1927. S m art, G ., R ow allan  S tepps, Glasgow.
S. 1922. S m ith , A ., “ O akroyd ,” D odw orth

R oad , B arnsley .
S. 1922. S m ith , A. Q ualter, “ L ynw ood,” D od

w o rth  R oad , B arnsley .
B . 1925. S m ith , B . W ., 167, O rphanage R oad ,

E rd in g to n , B irm ingham .
N . 1908. S m ith , E ., Belle Vue, H a rto n , South

Shields.
S. 1921. Sm ith , F red k ., D evonshire Villas,

B arrow  H ill, n r. Chesterfield.
E .M . 1921. Sm ith , George, C avendish Place, Bees- 

to n , N o tts .
N . 1905. S m ith , J . ,  “ H a rto n  L ea,”  H a rto n ,

Sou th  Shields.
M. 1926. S m ith , J .  D ., 19, S haftesbu ry  S tree t,

S tock ton-on-T ees.
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T ear
B 'nch. o f M EM BERS.

E lection .
N . 1917. Sm ith , J .  E ., 7, L ily  A venue, Jesm ond ,

M. 1926. Sm ith , J .  L ., H o lm esda le ,” B illing-
liam , n r . S tock ton-on-T ees.

N . 1922. S m ith  P a tte rso n  & C om pany, L im ited  
(Subscrib ing F irm ), P ioneer W orks, 
B laydon-on-T yne .

N . 1913. Sm ith , I t . H ., 16, D u lv e rto n  A venue, 
S ou th  Shields.

B . 1925. S m ith , W . S ., 15, B roadfields R o ad , 
E rd in g to n , B irm ingham .

L. 1923. Snook, S. W . G., 30, L aw rence  R o ad , 
T o tten h am , N .15.

L. 1914. Som m erfield, H . G., C harterhouse  
C ham bers, C harterhouse  S quare , 
L ondon , E .C .l .

L ncs. 1926. S o u th erst, R ., 8, R a v e n  S tree t, B u ry .
S. 1925. Spafford, A rno ld  V ., Im p e ria l W orks , 

B row n S tree t, Sheffield.
L ncs. 1927. Spedding, O. L ., “  R am sg ill,”  P rin ce ’s 

R oad , H e a to n  M oor, S to ck p o rt.
E .M . 1914. Spiers, T . A ., “  D elam ere ,”  U p p in g 

h am , R o ad , L eicester.
Lncs. 1922. S taveley  Coal & Iro n  C om pany

(Subscrib ing  F irm ), S tav e ley  
W orks, n r. Chesterfield.

S. 1927. Steele, F . E „  29, M erlin W ay , l i r t h  
P a rk , Sheffield.

Sc. 1920. S teven , A. W ., L au ris to n  Ironw orks, 
F a lk irk .

E .M . 1914. S tevenson , E ., “  C harnw ood,”  A lb e rt 
A venue, C arlton  H ill, N o tts .

N . 1912. S tob ie , V ., O akfield, R y to n -o n -T y n e
L. 1915. S tone, E . G ., 20, C an tley  A venue,

C lapham  C om m on, S.W .4.
L. 1912. S tone, J . ,  106, H a r la s to n  R o ad ,

G ran tham .
Gen. 1922. S tones, J . ,  2, M arshall R o ad , A gar- 

p a ra , K a m a rh a t t i  P .O ., C a lcu tta , 
In d ia .

E .M . 1916. S tree t, W ., 20, B urleigh R oad , L o u g h 
borough.
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Lucs. 1921. S tubbs, L im ited , Jos. (Subscribing 
F irm ), Mill S tree t W orks, A ncoats, 
M anchester.

Lncs. 1912. S tubbs, O liver (H on. Life), (J . S tubbs, 
L im ited ), O penshaw , M anchester.

Lncs. 1919. S tubbs, R . W ., 209, D ickenson R oad , 
L ongsight, M anchester.

N . 1921. S to th a rd , A ., 32, G rainger S tree t, 
W est, N ew castle.

M. 1927. S tyles, W . E ., 9, Cromwell Terrace, 
T hornaby-on-Tees.

W .R . 1922. Sum m erscales, W . H . G., Rockfield,
of Y . K eighley.
E.M . 1927. Sum m ersgill, E ., (Senior) 47, S ta tion  

R oad , Long E a to n , N o tts .
W .R . 1919. Sum m ersgill, H ., S tanacre  F ound ry ,
of Y . W apping  R oad , B radford.

Gen. 1926. Sw aine, G., c/o M arshall, Sons & Co., 
In d ia , L td ., A rgarpara  W orks, 
K a rn a rh a tty , P .O . 24, Parganas, 
Bengal, In d ia .

S. 1918. Sw ift, L. J . ,  “ T he F a rm ,” H u n te r’s 
Lane, H andsw orth , Sheffield.

S. 1908. Sw inden,T ., D .M et., 26, O akhill R oad , 
N e th e r E dge, Sheffield.

W .R . 1912. Sykes, J .  W ., B irdacre H ouse, Gomer-
of Y . sail, Leeds.
Lncs. 1927. T a it, W ., Mere (near) K nu tsfo rd , 

Cheshire.
L . 1925. T a rra n t, W . J . ,  E iffeldale, Longfleet, 

Poole, D orse t.
N . 1927. T a te , C. B „ 17, T he Crescent, W hitley  

Bay.
L n cs.1924. T ay lo r, A ., 84, H o rn b y  R oad , B lack 

pool.
N . 1919. T ay lo r, C. R . R ., M anor H ouse, South  

Shields.
N. 1922. T ay lo r & Son, L im ited , C. W . (Sub

scrib ing  F irm ), N o rth  E aste rn  
Foundries, S ou th  Shields.

Lncs. 1911. T ay lo r, R . (Asa Lees & C om pany, 
L im ited), O ldham .

Year
B ' n c h o f  v MEMBERS.

Election.
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N . 1925. T ay lo r, T ., P o in t P le a sa n t H a ll,
W allsend-on-T yne.

Lnes. 1920. T hom pson , H ., 6, D obsoii R o ad ,
B olton .

N . 1923. T hom son, A ., P ercy  H ouse , P e rc y  
P a rk  R o ad , T y nem ou th .

W .R . 1922. T h o rn to n , W . G., 1,081, G rangefield
of Y. A venue, T h o rn b u ry , B rad fo rd .
L. 1924. T h o m y cro ft a n d  Co., L td ., J o h n  I .

(Subscrib ing  F irm ) (T .D onaldson), 
I ro n  F o u n d ry , W oolston  W orks, 
S o u th am p to n .

M. 1926. T ho rpe , S. P ., 14, P a rk  T errace ,
S to ck to n  -on -T ees.

L . 1925. T ib b en h am , L . J . ,  T he L im es, S tow - 
m a rk e t.

M. 1926. T o d d , H ., 26, R ockliffe  R o a d , L in - 
th o rp e , M iddlesbrough .

S. 1927. Tonge, J . ,  B ovey  C ourt, V ereeniging,
S. A frica.

—  1922. T ouceda, E . (H on.), 943, B ro ad w ay ,
A lbany , N .Y ., U .S.A .

Lncs. 1921. T ow n E n d  F o u n d ry  L td . (Subscrib ing  
F irm ), C hapel-en -le-F rith , D e rb y 
shire.

M. 1924. T oy, S. V., T he R idge, S a ltb u m -b y - 
the-Sea.

N . 1927. T ravers , D . L e., 29, C lay ton  R o ad , 
N ew castle.

L. 1922. T rem ayne , C has., 26, E v ersley  R o a d , 
C harlton , S .E .7 .

Sc. 1922. T ullis, D . R ., A illig, C am pbell D rive , 
B earsden , G lasgow.

L . 1926. T u rn e r, A. C., 10, H o lm dene  A venue, 
D ulw ich , S .E .24.

B. 1910. T u rn e r, P rof. T. (H on. M em ber), T he  
U n iv e rs ity , B irm ingham .

B. 1927. T u rn er, T . H ., M .Sc., 17, A cacia  R o ad , 
B ournv ille , B irm ingham .

Sc. 1923. T u tch ings, A ., 152, G reenhead  D riv e , 
S o u th  G ovan, G lasgow.

Lncs. 1909. Tw eedales & Sm alley , L im ited , G lobe 
W orks, C astle ton , L ancs.
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B . 1918. T yson, E . H ., 269, G illa tt R oad , 
E d g b asto n , B irm ingham .

S. 1916. U nderw ood, G. H ., P ye  B ridge H ouse, 
P ye  B ridge, A lfreton, D erbyshire.

Sc. 1913. U re , G. A., B onnybridge, Scotland.
G en. 1927. V anze tti, Comm. Im g . Carlo, C .B .E ., 

G eneral M anager, F onderia  M ilan
ese d i Acciaio, M ilan, I ta ly .

Gen. 1922. V arle t, J .  (H on.), E sperance  Longdoz 
W orks, Liege, Belgium .

S. 1924. Y an n a , J .  P ., 3, B ingham  P a rk
C rescent, Sheffield.

S. 1922. V ickers, L im ited  (Subscribing F irm ), 
R iv e r D on W orks, Sheffield.

Lnes. 1922. V ickers, L im ited  (Subscrib ing F irm ), 
B arrow -in-Furness.

B . 1917. V ickers, T ., 14, N ew  S tree t, B irm ing 
h am .

S. 1917. V illage, R ., B ireholm e, Dronfield,
n r. Sheffield.

Sc. 1911. W addell, R . C., 2, P ercy  S tree t,
Ib ro x , Glasgow.

Lucs. 1924. W ainw righ t, T . G ., The M ount, 195, 
H uddersfie ld  R oad , S ta lyb ridge .

L . 1911. W alker, C. F ., 42, W indsor S tree t, 
W olverton , B ucks.

S , 1907. W alk e r, E ., Effingham  Mills, R o th e r
ham .

L ncs. 1924. W alker, J .  S. A ., M ajor, W alke r B ros., 
L td ., W igan.

M. 1926. W alk e r, T ., 22, V a n s it ta r t T errace, 
R ed ca r, Y orks.

S. 1918. W alker, T . R ., 42, F ir th  P a rk
C rescent, Sheffield.

N . 1921. W allsend  S lipw ay & E ngineering Co., 
L td . (Subscribing F irm ), W allsend- 
on-Tyne.

Gen. 1922. W alters , A. F . (H . I . D ixon  & Com
p an y , L im ited), T he O m iar F o u n d 
ing E ng . Com pany, L im ited , Love 
L ane, M azagon, B om bay, In d ia .

N . 1927. W alton , S. H ., 73. H ighbu ry , Jesm ond, 
N  ew castle -on -T yne.

Tear
B ’nch. of MEMBERS.

Election.
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S . 1908. W ard , A. J .  (T. W . W ard , L im ited ), 
A lbion W orks, Saville  S tre e t, 
Sheffield.

S. 1914. W ard , J .  C., O ak P a rk , M ancheste r 
R oad , Sheffield.

L . 1919. W ares, F . J . ,  216, Crom w ell R o ad , 
P ete rbo rough .

E .M . 1910. W assell, A ., K ilb u m  H a ll, n r . D erb y .
S. 1915. W atson , J . ,  31, H o m to n  C ourt,

K ensing ton , W .8.
N . 1919. W atso n , J .  H ., 6, S idney  G rove,

N ew castle-on-T yne.
W .R . 1922. W atson , Jo s . J . ,  3, Springdale  A venue,
of Y . H uddersfield .
B. 1917. W ebb , B ., 531, S to u rb rid g e  R o ad ,

S co tt G reen, D udley .
L . 1925. W ebster, F . K ., D ep tfo rd  S ta r  F o u n 

d ry , R o lt R oad , D ep tfo rd ,L o n d o n , 
S.E .8.

Sc. 1920. W eir, R t. H on . L ord , T he, P .C .,
D .L ., L L .D . (L ife M em ber), G. 
an d  J .  W eir, L im ited , C a th ca rt, 
G lasgow.

N . 1912. W eir, J .  M., 7, S tan h o p e  R o ad  S ou th  
Shields.

W .R . 1908. Wei ford, R . D ., 1, H ilto n  R oad , F ri-
of Y . zinghall, B rad fo rd .
S. 1910. W ells, G. E . (E d g ar A llen & Co.,

L im ited ), Im p e ria l S teel W orks, 
Sheffield.

S. 1914. W ells, J .  A. E ., “ T h rif t H o u se ,” R ing- 
inglow  R o ad , Sheffield.

L ncs. 1926. W est, W alte r, 12, T h e  C rescent,
L ey lan d , L ancs.

S. 1921. W h arto n , E ., R osem on t, S ta tio n  R o ad , 
B rim ing ton , C hesterfield.

N . 1913. W h arto n , J . ,  M ary p o rt, C u m b er
land .

B . 1925. W lu tehouse , E . J . ,  “ T he K n o ll,”
P enn , W o lv e rh am p to n .

S. 1916. W hiteley , A ., 7, G len R o ad , N e th e r 
E dge, Sheffield.

Year
B'lich. of MEMBERS.

Election.
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Y ear
B ’nch. of M EM BERS.

Election.

Lucs. 1910. W h itta k e r , C., & C om pany, L im ited , 
D ow ry S tree t Ironw orks, A c
cring ton .

D. 1919. W ild , M., 29, B eaucham p A venue, 
L eam ington.

B. 1921. W ilkinson, D ., 1,114, B ris to l R oad  
S ou th , N orthfield , B irm ingham .

W .R . 1919. W ilkinson, G. (E . & W . H aley , L td .),
° f  Y . T h o rn to n  R oad , B radford .
L ncs. 1917. W ilkinson, R „  “  L y n d h u rs t,” W ar- 

g rave  R oad , Newton-le-W illow s, 
L ancs.

Sc. 1919. W illiam s, H ., c/o J .  C ochrane, L td ., 
B arrhead .

W . & 1924. W illiam s, R . G., 179, Crogan H ill, 
M. B a rry  D ock.

W . & 1910. W illiam s, W ., A lexand ra  B rass F ound- 
M. d ry , E a s t  D ock, Cardiff.

L . 1927. W illiam s, W . L ., 01, G renville R oad , 
B ra in tree , E ssex.

N . 1913. W illo tt, F . J . ,  17, P a rk  R oad , Clydach- 
on-T aw e, Sw ansea V alley.

M. 1912. W ilson, P . P ., “  P a rk h u rs t ,” M iddles
b rough .

N . 1922. W ilson, R . R ., “  C anonbury ,” R ow 
lands Gill, n r. N ew castle-on-Tyne.

L . 1927. W indsor, W . T ., “ P a x ,” Coggeshall 
R oad , B ra in tree , Essex.

Sc. 1900. W in te rto n , H ., “  M oorlands,” Miln- 
gavie, D um bartonsh ire .

W .R . 1912. W ise, S. W ., 110, P u llan  A venue,
of Y . E ccleshill, B radford .
B. 1925. W isem an, A lfred, L td . (Subscribing

F irm ), G lover S tree t, B irm ingham .
B . 1919. W ood, D . H ow ard  (C apt.), K ings-

w ood P a rk  R oad , Moseley, B ir
m ingham .

N . 1922. W ood, E ., C apt., B .Sc., “ O verto im ,” 
20, B everley R oad , M onkseaton.

B. 1909. W ood, E . J .  (P a te n t A xlebox and  
F o u n d ry  C om pany, L im ited),W ed - 
nesfield F o u n d ry  .W olverham pton.

L ncs. 1926* W oodcock, A ., 163, H artin g to n
S tree t, Moss Side, M anchester.
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B 'n ch . Yo T  M EM BEBS.
E lection .

B. 1914. W rig h t, E . N . (L ife), O xford  L odge, 
P en n  F ie lds, W o lverham pton .

Sc. 1919. W yllie , W ., 66, T itch fie ld  S tree t,
K ilm arnock , A yr.

L . 1925. Y a i K h a n , M. M ., 102, B e u la h  H ill, 
U p p e r N orw ood , L ondon , S .E .

Lnes. 1911. Y a tes  & T hom , L im ited , C anal E n g in 
eering  W orks, B lack b u rn .

L . 1914. Y oung , H . J . ,  F .I .C ., 3. C en tra l
B uild ings, W estm in ste r , S .W .l.



ASSOCIATE MEMBERS.
Y ear

B ’nch. of
E lection .

M. 1926. A dcock, F . H ., 7, B eech G rove,
M iddlesbrough .

Sc. 1919. Affleck, J . ,  B .Sc., 21, O verdaleA venue, 
Langside, Glasgow.

W .R . 1927. A ckeroyd, H ., B rough ton  Fields,
of Y . B rough ton , n r. Skipton.
B. 1915. A ldridge, S., 91, D ale  S tree t, W alsall.
B. 1925. A llen, W m ., C huckery F ound ry , W al

sall, Staffs.
S. 1927. A lford, A. L ., 408, W indm ill Lane, 

Shiregreen, Sheffield.
Sc. 1926. A nderson , J .  Y ., 33, Alice S tree t, 

P aisley .
L ncs. 1907. A ndrew , F ., 120, Gas S tree t, Fails- 

w o rth , M anchester.
L ncs. 1925. A nson, A ., 60, S ou th  R oyd  S tree t, 

T o ttin g to n , B ury .
L . 1925. A rm ishaw , W . J . ,  44, Comm on View, 

L e tchw orth , H erts .
M. 1926. A rm strong , G., 23, Chipchase S tree t, 

M iddlesbrough .
L . 1925. A rm strong , L . R ., 39, Lessinden

M ansions, N .W .5.
Sc. 1920. A rn o tt, J . ,  A .I.C ., G. & J .  W eir, 

L td .,  C a th ca rt, Glasgow.
Sc. 1926. A rn o tt, Jam es, 114, B room hall R oad, 

N ew lands, Glasgow.
L ncs. 1916. A shton , F ., 24, Isherw ood S tree t,

H eyw ood, Lancs.
Lncs. 1918. A shton , L ., 59, Seym our S tree t, R ad  

cliffe, Lancs.
Lncs. 1923. A sta ll D ., 380, O ldham  R oad, Lime- 

h u rs t, A shton-under-L yne.
L. 1905. A ston, D . A ., 36, B astw ick  S tree t, 

S t. L u k e’s, L ondon, E.C.
Lncs. 1922. A tk inson , A lbert, 1, Guy S tree t,

P ad iham , B urnley.
S. 1916. A tk inson , F ., “ W oodlands,” R ic h 

m ond R o a d , H an d sw o rth , Sheffield.
N . 1925. A tkinson, G., 10, Q ueen’s D rive,

W hitley  B ay.
E.M . 1923. A ustin , J .  T ., 24, D anvers R oad ,

Leicester.
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N . 1922. Askew, J . ,  20, M ount .Road, W est
S underland .

S. 1920. A vill, W m ., 44, A lbion R oad , R o th e r 
ham .

S. 1912. A yres, J .  A ., “ A ld bou rne ,”  E celes-
field, Sheffield.

Sc. 1918. B acon, A. H ., 228, S aracen  S tre e t, 
P oss ilpark , G lasgow.

S. 1924. Bacon, P ., 86, B ridge S tree t, S w in ton , 
n r. R o th e rh am .

L ncs. 1926. B agley , J . ,  34, G uest S tree t, L eigh, 
L ancs.

S. 1909. B ailey , P . T ., 17, H allow es L ane ,
D ronfield , n r. Sheffield.

Sc. 1916. B ain , W ., A rdm ore, B onnybridge ,
Scotland.

B. 1918. B aker, W ., “  K a ra  G w en t,” C oalw ay 
R oad , P en n  F ields, W o lv e rh am p 
ton .

N . 1925. B a ld e rs to n , R . A ., 21, W en tw o rth  
P lace , N ew castle-on-T yne.

L ncs. 1927. B arb er, C., 43, B irch  S tree t, W est 
G orton , M anchester.

M. 1926. B arc lay , D ., 45, E d w a rd  S tre e t,
S to ck to n  -on -T ees.

S. 1922. B arker, A. G., 26, V ic to ria  R o ad , 
B a lby , D oncaster.

B . 1919. B arker, S. B ., 34, D a rb y  R o ad , Coal- 
b rookdale , Salop.

S. 1924. B ark er, W ., 136, N idd  R o ad , A tte r -  
cliffe, Sheffield.

S. 1913. B arn ab y , N . F . (Jo h n  B row n & 
C om pany, L im ited ), S cu n tho rpe .

Lncs. 1910. B arnes, G., 16, T rem ellen  S tree t,
A ccrington.

Lncs. 1915. B aron , E ., 24, G rim shaw  L ane,
N ew ton  H e a th , M anchester.

L . 1914. B a rre tt ,  H . G ., L e tch w o rth  C astings 
Co., L e tch w o rth , H erts .

Lncs. 1924. B a rre tt ,  S., 150, C horley N ew  R oad , 
H orw ich, n r. B olton.

B’nch. of ASSOCIATE MEMBERS.
Election.



823

E .M . 1916. B arringer, E . A ., 80, L am b ert R oad , 
N arborough  R o ad , Leicester.

L . 1911. B a tch , J . ,  60, R obertson  S tree t,
Queen S tree t, B a tte rsea , S.W.

B. 1927. B a te , F ., 48, Sw eetpool R oad , W est 
H agley , S tourbridge.

B . 1904. B a th e r, H . K . (C ham berlain & H ill), 
C huckery  F o u n d ry , W alsall.

S. 1920. B a tty , F ., 62, H am p to n  R oad , P its- 
m oor, Sheffield.

E .M . 1926. B ax te r, J „  108, S tene H ill R oad , 
D erby .

L. 1921. B ax te r, P ercy  L ., 131, A m pth ill
A venue, B enoni, T ransvaa l, S. 
A frica.

N . 1923. B ean, A. S., B eresford P a rk , S under
land .

W .R . 1924. B ean, E ., 8, T he H ollies, S idm outh
of Y . S tree t, H u ll.
L. 1925. B eardshaw , A., 50, Jack m an s Place, 

L e tchw orth , H erts .
W .R . 1923. B eaum ont, G., 25, O xley S tree t,
of Y . P o n te fra c t L ane, Leeds.
E.M . 1919. B eck, H . J . ,  131, U pper D ale  R oad , 

D erby .
L ncs. 1925. B ecker, M. L ., 15, U pper L loyd

S tre e t, M anchester.
Lncs. 1927. Beech, T. L ., 86, C yprus S tree t, 

S tre tfo rd , M anchester.
S. 1920. Beeley, W . H ., C larence L ane W orks, 

off E ccleshall R oad , Sheffield.
B . 1924. B eeny, H . H ., 57, B ram ble S tree t, 

C oventry .
W .R . 1927. B eilby , A . R ., 14, Foss Is lands R oad ,
of Y . Y ork.
Sc. 1917. Bell, J . ,  60, S t. E noch  Square, Glasgow.
N. 1925. B ell, J . ,  65, P a rk  A venue, W hitley  

B ay , N o rth u m b erlan d .
Sc. 1910. Bell, T ., 2, Bellfield S tree t, B arrhead , 

Glasgow.

Year
nch- o£ ASSOCIATE MEMBERS.Election.
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Ygg,f
B-nch. of ASSOCIATE M EM BERS.

E lection .
S. 1918. B en n e tt, A . M., 12, B ran d o n  G rove, 

N ew ton  P a rk , Leeds.
W .R . 1912. B erry , F ., 125, W atk in so n  R o ad ,
of Y . Illin g w o rth , H alifax .
Lncs. 1917. B erry , R . I . ,  31, B u ry  R o ad , B am - 

fo rd , R ochdale .
B . 1926. B e ttin so n , J .  S., Cole B an k , H a ll 

G reen, B irm ingham .
Lncs. 1926. B evins, J . ,  1, L it tle  U n ion  S tree t, 

U lvers ton .
Sc. 1920. B innie, A lex., 15, C ochrane B uild ings, 

P leasance S quare , F a lk irk .
N  1919. B inns, A. E ., 534, Shields R o ad , N ew- 

castle-on-T yne.
B. 1916. B irch , H ., Inglew ood, C hester R o ad , 

S tree tley , B irm ingham .
B. 1922. B ird , J .  B ., P las-N ew ydd , S tree tley , 

n r. B irm ingham .
Sc. 1919. B lack , A ., 10, P rince  E d w ard  S tree t, 

Crosshill, G lasgow.
E.M . 1921. B lackham , E . L ., 44, M ay S tree t, 

D erby .
E.M . 1920. B lackw ell, W m ., 36, A rth u r  S tree t, 

L oughborough .
Sc. 1910. B lackw ood, R ., “ K en ilw o rth ,”  J o h n 

stone , G lasgow.
L. 1920. B lackw ood, R . W ., “  R o th e sa y ,”  T he 

A venue, E rith .
E .M . 1919. B lades C., T he V ines, W an lip  R o ad , 

S y sto n , L eicester.
W .R . 1926. B la ir, J .  W ., 13, M ilton  S tree t, H u ll
of Y . R o ad , Y ork .
N . 1920. B lenkinsop, S. D ., H illc ro ft, H igh  F ell, 

G ateshead-on-T yne.
E.M . 1924. B loor, F . A ., “  In g lem ere ,”  S tenson  

R o ad , D erby .
N. 1919. B ly th e , J .  D ., 81, N o rth u m b erla n d  

T errace , W illing ton-on-T yne.
B. 1925. B ode, C., 14, F a rm  R oad , S parkb rook , 

B irm ingham .
W .R . 1922. B oo th , G. E ., 80, In s t i tu te  R o ad ,
of Y . E celeshill, B rad fo rd , Y orks.
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X . 1915. B orthw ick , T ., C rookhall H ouse, Lead- 
g a te , Co. D urham .

Sc. 1920. B ound , W . H „  W h. E x . A .M .I.
M ech.E ., 12, D ufton  B oad ,
L in tho rpe , M iddlesbrough.

L ncs. 1921. B ow den, J . ,  72, G range R oad , Chorl- 
ton -cu m -H ard y , M anchester.

L . 1906. B ow m an, A ., 48, L a th o m  R oad ,
E a s t  H am , E .6 .

IV. & 1926. B oxall, H . A ., 33, Gellydeg S tree t, 
M. M aesycum m er-via-C ardiff.

S. 1926. B rad b u ry , J . ,  14, L ittlem o re  Cres
cen t, X ew bold , C hesterfield.

S- 1916. B rad ley , H ., “ C otsw old ,”  Booking
L ane , W oodseats, Sheffield.

X . 1918. B rad ley , J .  H ., 7, Craw ley R oad ,
W  allsend-on-T yne.

B . 1925. B radshaw , J .  H . D ., 4, Foley  S tree t, 
W ednesbu ry , Staffs.

L ncs. 1922. B ra n d re tt,  T ., 35, R y a ll S tree t,
R eg en t R o ad , Salford, M anchester.

X . 1921. B rass , A ., 44, H ay d n  T errace, G ates- 
head-on-T yne.

Lncs. 1921. B rassing ton , H ., 16, E a s t  S tree t,
H ollinw ood P a rk , S tockport.

L ncs. 1923. B re re to n , C. F ., c/o  Mrs. O ldham , 
25, M anchester R oad , C horlton- 
cum -H ardy , M anchester.

L ncs. 1917. B rierley , A ., 21, Miln row R oad;
R ochdale .

L ncs. 1923. B rockbank , A. H ., 3, H aw kens S tree t, 
O ld T rafford , M anchester.

W .R . 1926. B rook, J . ,  10, E lfo rd  T errace, R ound-
o f Y . h a y  R oad , Leeds.
L . 1917. B rookfield, D ., 285, C am den R oad , 

H ollow ay, X .7.
L ncs. 1925. B rough ton , H ., 1, Chip H ill R oad , 

D eane, B olton.
X . 1917. B row n, C. H y ., 57, W hiteha ll R oad , 

G ateshead-on-T yne.
L 1917. B row n, E . H ., 91, D evonshire R oad , 

F o res t H ill, S .E . 23.
Lncs. 1923. B row n, G. H ., 95, D erbysh ire  L ane, 

S tre tfo rd , M anchester.

Tear
B’nch. of ASSOCIATE MEMBERS.

Election.
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B'nch. " if"  ASSOCIATE M EM BERS.
E lection .

L ncs. 1017. B row n, J . ,  227, M ilnrow  R oad , R o c h 
dale.

S. 1909. B row n, T . W ., 9, Coupe R o ad ,
B urng reave , Sheffield.

Sc. 1914. B ruce, A ., 52, A sh ley  T errace , E d in 
bu rgh .

Sc. 1926. B ruce, W . T ., (S. & S. B row n V .
B lanchard ), T a lle r M inerva, P u n ta  
A renas, S tra its  of M agellan, Chile, 
S o u th  A m erica.

Sc. 1927. B ryden , W a lte r  M yreton , B onny-
bridge, S tirlingsh ire .

L ncs. 1926. B uck, A ., 9, S t. P a u l’s R o ad , B lack 
pool, N .S.

N. 1920. B uckham , G. H .. “ H a re  w ood,”
G range R o ad , N  ewe a s t 1 e - on - T y n e .

L. 1926. B uck ingham , F . A . T ., 114, R ic h 
m ond  R o ad , G illingham , K e n t.

B . 1925. B ullow s, W . D.,  c/o C astings, L td .,  
Selbourne S tree t, W alsall, S taffs.

N . 1920. B ureham , J . ,  35, A lvertho rpe  S tree t, 
Sou th  Shields.

S. 1924. B urk inshaw , J .  W ., 13, L a v e ra c k
S tree t, H an d sw o rth , Sheffield.

N . 1925. B u m , R . D ., B .Sc., A .I.C ., “  A slo ,” 
Irw in  A venue, W allsend-on-T yne,

Sc. 1917. B urns, J .  K ., 77, S andy  R o ad , R e n 
frew .

N . 1925. B urre ll, J . ,  2, B ede C rescent, W illing- 
to n -o n -T y n e .

W .R . 1921. B u tte rfie ld , P .,  10, E astfie ld  P lace,
of Y . S u tton -in -C raven , K eigh ley ,Y orks,
Lncs. 1923. B u tte rw o rth , A. W ., 214, F red e rick  

S tree t, W ern e th , O ldham .
L ncs. 1919. B u tte rw o rth , J . ,  40, C lem ent’s R oyds 

S tree t, R ochdale .
W .R . 1921. B u tte rw o rth , Jo h n , 19, N eville  S tree t,
of Y . C lare M ount, H alifax .
Lncs. 1920. B u x to n , J . ,  68, L uke L ane , H u rs t ,  

A sh ton-u .-L yne.
L ncs. 1926. C aim s, F .,  59, B lodw ell S tree t,

Seedley, M anchester.
B . 1924. C allaghan, G. M., 6, F oxgrove, A cocks 

G reen, B irm ingham .
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S. 1920. C am eron, N ., C avendish V illas, D evon
sh ire  R oad , T o tley  R ise, N r. 
Sheffield.

L ncs. 1926. C am pbell, A. B ., 125, S tam ford  R oad , 
A udenshaw , M anchester.

Sc. 1912. C am pbell, D . M cGregor, T orw ood 
F o u n d ry , L arbert.

L . 1914. C am pbell, J . ,  9, W estern  G ardens, 
E aling , W .

L ncs. 1918. C am pbell, W ., 12, D enbeigh S tree t, 
S tockport.

S. 1927. Carlisle, E . A ., 3, S ilver H ill R oad, 
Ecclesall, Sheffield.

Lncs. 1925. C arr, H ., 7, L ord  S tree t, S talybridge. 
L. 1921. C arrell, H y . A lfred, 6 J, P eabody  

B uild ings, F arrin g d o n  R oad , E.C. 
Lncs. 1914. C arter, E ., 59, Chief S tree t, O ldham , 
W .R . 1927. C arter, S., Cowley L ane, L ep ton , nr. 
of Y . H uddersfie ld .
W .R . 1923. C arver, W ., 112, V alley R oad ,
of Y . P udsey , n e a r Leeds.
W .R . 1922. Causer, L. W ., 79, F itz ro y  R oad , 
of Y . B ark eren d  R oad , B radford .
S. 1925. C ham bers, J .  F ., 31, D uke S tree t, 

S taveley , Chesterfield.
W .R . 1922. C happelow , T hos., 181, T ay lo r S treet, 
of Y . B a tley , Y orks.
Sc. 1921. C harters, J . ,  12, W alw orth  Terrace, 

Glasgow.
L ncs. 1925. C heetham , E ., 5, E ldon  R oad , E dge- 

ley, S to ck p o rt.
S. 1911. Chope, H . F ., 38, Church S tree t, 

Sheffield.
N. 1920. C lark, J .  W ., 133, S t. T hom as’ Terrace, 

B laydon-on-Tyne.
L. 1923. C lark, W ., 9, Jub ilee  R oad, B asing

stoke.
M. 1919. C larke, A. S., L eicester R oad , L ough

borough.

Year
ncł>. „  of ASSOCIATE MEMBERS.

Election.
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N. 1912. C larke, J . ,  D ro sto n , T a y p o rt, F ife .
N . 1920. C lem ents, H . F .,  c/o  W m . Ja c k s  & Co.,

L td ., O cean B uild ings, P rin ce  
S tree t, S ingapore, S tra its  S e tt le 
m en ts.

Sc. 1922. C leverley, A .M ., B .Se., 45, K en n a rd  
S tree t, F a lk irk , S co tland .

Lncs. 1922. C lew orth , A lf., 25, W a ln u t S tree t,
B olton .

Lncs. 1921. Colem an, J .  I . ,  W est D ene, B rook lyn  
R o ad , W ilpsh ire , B lack b u rn .

W . & 1926. Coles, F . L ., 46, B u rn a b y  S tree t,
M. Cardiff.
S. 1920. Coles, W . H ., 2, G ordon  A venue.

W oodseats, Sheffield.
S. 1916. Collins, B. L ., F o lds C rescent, A bbey  

L ane, Sheffield.
W .R . 1926. Collinson, K . H ., 11, G randm ere
of Y . P lace, H alifax .
S. 1907. Cook, A. H ., W . Cook & Sons, L td ., 

W ashfo rd  R o ad , Sheffield.
E.M . 1916. Cook, F ., 168, W oods L ane, D erb y .
S. 1914. Cook, W . G., W ashfo rd  R o ad , S h e f

field.
Lncs. 1927. Cooke, J . ,  116, D erbysh ire  A venue, 

S tre tfo rd , M anchester.
L ncs. 1926. Cooke, T ., 15, F in ch ley  R o ad , H a le , 

C heshire.
M. 1926. Cooper, A ., 50, U p p er O xford  S tree t, 

S o u th  B ank .
S. 1914. Cooper, J .  F .,  176, A tterc liffe  R oad ,

Sheffield.
L. 1925. Cooper, M. J . ,  H e a th  W ay , N o r th u m 

be rlan d  H e a th , E r ith ,  K en t.
B . 1915. Cooper, W ., 123, W yley  R oad ,

C oventry .
N . 1919. C o rbett, W . A ., “  D m g u a rd i,” B u n g a 

low 19, H ig h  F a rm  E s ta te , W alls- 
end-on-T yne.

S. 1914. Coupe, B ., 317, B ellhouse R o ad ,
Shiregreen, Sheffield.

Lncs. 1926. Coupe, W m ., ju n r ., 36, K ittlin g b o rn e , 
H ig h  W alto n , n r. P res to n .

B’nch. of ASSOCIATE MEMBERS.
Election.
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Sc. 1919. Cree, A ., 160, M ount A m nan D rive, 
K in g ’s P a rk , C atlicart, Glasgow.

E .M . 1926. Creese, H . J . ,  46, K en sin g to n  S tree t, 
L eicester.

L ncs. 1910. C ritchley , P ., 631, S t. H elens R oad , 
B olton.

S. 1912. C ritchley , T ., 52, L im psfield R oad ,
B righ tside, Sheffield.

L ncs. 1927. C ullinm ore, G., 15, L incoln Square, 
F a rn w o rth , W idnes.

B. 1906. C um ow , M. H ., 41, C em etery Lane, 
W est B rom w ich.

Sc. 1926. C urrie, J . ,  1, S u th e rlan d  C rescent, 
B a th g a te .

S. 1914. C urrie, J .  A ., “ R ose C o ttage ,” Grin- 
d leford , D erbyshire.

B. 1907. D alrym ple , D ., 20, Beeches R oad , 
W est B rom w ich.

S. 1920. D arb y , A ., 5, D obb in  H ill, G reystones, 
Sheffield.

S 1909. D arley , F .,  187, B urngreave  R oad, 
P itsm oor, Sheffield.

S. 1915. D arley , G. F ., Cawwood & Co., L td ., 
W estg a te  F o und ry , R o therham .

E.M . 1923. D arrin g to n , L. G., 27, K ingston
A venue, H allam  F ields, Ilkeston .

Sc. 1922. D avidson , W . B ., (Jas. K e ith  & B lack 
m an  Co., L td .), A rb roath .

W . & 1924. D avies, E . H ., 224, Cardiff R oad , 
M. A beram an.

B. 1925. D av is, A ., 3/247, G t. R ussell S tree t, 
B irm ingham .

L. 1916. D avis, E . J . ,  11, Beclair S tree t,
B elfast.

L ncs. 1923. D avis, J . ,  50, Old R oad , D ukinfield, 
Cheshire.

Sc. 1926. D avis, T hos., 633, D u m b arto n  R oad , 
Particle, Glasgow.

L. 1914. D avis, W . H ., 8, P ye  S tree t, P o r ts 
m outh .

Year
B’neh. of ASSOCIATE MEMBERS.

Election.
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S. 1922. D ay , A. B ., 19, S carsdale  R oad ,
D ronfield, n ea r Sheffield.

Lnes. 1925. D ean , J . ,  48, N o rth g a te  R o ad , S to ck 
p o rt.

Lncs. 1924. D eeley, F v 52, B ew sey S tree t, W a r
ring ton  .

L ncs. 1918. D em aine , F . C., 9, R isin g  S un  L an e , 
G arden  S uburb , O ldham .

L ncs. 1922. D em aine  ( ju n .) , F . C., 9, R isin g  S un  
L ane , G arden  S u b u rb , O ldham .

L ncs. 1926. D en ison , H ., 20, Second A venue ,
K id sg ro v e , S to k e -o n -T ren t.

M. 1926. D enw ood, W ., 7, P e a rl S tre e t,
H a v e r to n  H ill, M idd lesb rough .

W .R . 1922. D erring ton , H ., 6, V ic to ria  T errace ,
of Y . H opw ood L ane, H alifax .
L. 1909. D erry , L. B ., 3, P re s to n  R o ad , Y eovil, 

Som erset.
E .M . 1924. D e V ille, J .  C., 16, C o-operative

S tree t, D erby .
B. 1925. D ex te r, B. J . ,  80, N ew  R ow ley  S tree t, 

W alsall.
S. 1915. D ickinson, J . ,  49, Y a rb o ro ’ R o ad ,

L incoln.
N . 1916. D ickinson, S ., 103, B ede S tree t, R o k er,

S underland .
B . 1920. D icks, G. E ., 110, R ich m o n d  H ill,

L angley , n e a r B irm ingham .
S. 1914. D ixon, A. F ., 9, B ris to l R o ad ,

Sheffield.
L . 1916. D obson, J . ,  3, B ond  Is le  T errace ,

S tanhope, Co. D urham .
N. 1924. D odds, J . ,  64, Scotsw ood R o ad , S ou th

B enw ell, N ew castle-on-T yne.
Lncs. 1921. D o lph in , J .  H ., 201, E sk rick  S tree t, 

H alliw ell, B o lton .
W . & 1924. D om ville , S., 301, R a ilw ay  S tree t, 

M. Cardiff.
Sc. 1919. D onaldson , J .  W ., B .Sc., S c o tt’s

Shipbu ild ing  an d  E ng ineering  
C om pany, L im ited , G reenock.

B'nch. o£ ■ ASSOCIATE MEMBERS.
Election.
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Sc. 1919. D orsie, J .  C., M aplewood, K irk in 
tilloch .

B. 1920. D ubberley , F ., 44, G rea t A rth u r
S tree t, Sm ethw ick, Staffs.

Lncs. 1925. D uckw orth , J .  A ., 42a, O rm erod
S tree t, A ccrington.

Lncs. 1924. D udley , W m „ 11, B arlow  S tree t, 
Low er O penshaw, M anchester.

Sc. 1917. D uncan , J . ,  78, Jellicoe S tree t, D al- 
m iiir.

Lncs. 1921. D unkerley , Jam es, 10, Old H all 
D rive, G orton, M anchester.

L . 1920. D unn , J .  W ., 144, Coulson R oad,
C oventry .

L ncs. 1913. E as tw o o d , J .  H ., 83, P rincess S tree t, 
C astle ton , n r. M anchester.

L. 1912. E cco tt, A. E ., The E lm s, 68, Sm ithies 
R oad , P lum stead , S.E.

N . 1923. E ck fo rd , J .  W ., 34, T ynedale Avenue, 
M onkseaton.

S. 1925. E d g in to n , J . ,  3, Coupe R oad , B um - 
g reave , Sheffield.

Sc. 1911. E dm iston , M., R ose Vale, W indsor 
R oad , R enfrew .

W .R . 1922. E dm ondson , J . ,  107, W oodroyd R oad ,
of Y. W est B owling, B radford .
B . 1922. E dw ards, F . C., 32, Q ueen’s H ead  

R oad , H andsw orth , B irm ingham .
E.M . 1925. E ld e r, A ., 90, S tenson  R oad , D erby .
Sc. 1927. E lder, P ., 10, N ap ier Crescent, Bains- 

ford , F alk irk .
E.M . 1909. E llson , J . ,  M anor View, R ip ley , D erby.
S. 1924. E m m o tt, J . ,  33, Bowood R oad ,

Sheffield.
Sc. 1920. E rsk ine , N . A. W ., M orton C ottage, 

Camelon.
Lncs. 1924. E v an s, H ., 93, Second A venue, T raf- 

fo rd  P a rk , M anchester.
B. 1927. E verest, A. B ., B .Sc., P h .D ., Chad 

H ill, H arbo rne  R oad , E dgbaston , 
B irm ingham .

Year
B nch. of ASSOCIATE MEMBERS.

Election.
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W .R . 1922. F a rra r , L evi, 22, Springsw ood A ve.,
of Y . S hipley , Y orks.
Lnes. 1919. F a rro w , C., 84, L ou isa  S tree t, O pen- 

shaw , M anchester.
L ncs. 1922. F au lk n er , T hos., 95, B an k  S tree t, 

C lay ton , M anchester.
Lncs. 1924. F ellingham , T . R ., 81, H enshaw

S tree t, S tre tfo rd , M anchester.
Lncs. 1923. Fellow s, F ., 21, B rig h t S tre e t, G orton , 

M anchester.
L . 1924. F enn , J .  H ., 25, F ra n c e m a ry  S tree t, 

B rock ley , S .E .4.
Sc. 1912. F erlie , T ., S teel an d  I ro n  F o u n d er, 

A uch te rm u ch ty , F ifesh ire .
S. 1927. F ir th , T . C., S to r th  O aks, R anm oor, 

Sheffield.
L. 1926. F ish , F . W ., 166, G lebe S tre e t,

L e tc h w o rth , H e r ts .
Lncs. 1922. F is t, T hom as, 127, H ughes S tree t, 

H allew ell, B olton .
N. 1922. F lack , E . W ., 3, F a ls h a w  S tree t,

W ash ing ton  S ta tio n , Co. D u rh am .
B. 1927. F lave l, S. W . B ., 11, A venue R oad ,

W arw ick  S tree t, L eam ing ton  Spa.
B. 1918. F lavell, W . J . ,  C a rte r’s G reen P assage , 

W est B rom w ich.
Lncs. 1923. F lin t, W . H ., 225, Peel G reen R o ad , 

P a tr ic ro f t, M anchester.
Lncs. 1919. F litc ro ft, E ., School H ill Ironw orks , 

B o lton .
E.M . 1925. F ood , F . H ., 108, U p p er C ondu it 

S tree t, L eicester.
N . 1912. F o rd , H ., 14, O akw ellgate  C hare,

G ateshead-on-T yne.
W .R . 1924. F o s te r, H ., 10, H ig h fie ld  P lace ,
of Y . B ram ley , Leeds.
L. 1912. Fow ler, T . E ., 72, S ta tio n  R o ad , N ew  

S o u th g a te , N . l l .
1923. F ox , F . S., 6333, T u x ed a  A venue,

D e tro it, M ichigan, U .S.A .

B’nch. T  ASSOCIATE MEMBERS.
Election.
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B . 1909. F raser, A ., 1, B ridge S tree t, Chilvers 
C oton, N uneaton .

Lnes. 1924. F r i th ,  W ., 8, B uckley  S tree t, A shton 
N ew  R oad , C layton, M anchester.

N . 1920. F u te rs , R . W m ., 107, Sandw ich R oad , 
S ou th  Shields.

E .M . 1925. G ale, B ., 15, R idgw ay  S tree t,
N o ttin g h am .

Sc. 1904. G alt, J . ,  H en ry  & G alt, Sneddon
F o undry , Paisley.

B. 1920. G aun t, J .  W ., 101, Beeches R oad ,
W est B rom w ich.

L . 1927. G errard , J .  N orbreck, A lexandra R oad , 
P eterborough .

E .M . 1 9 2 6 . Gill, F ., 4 7 0 a , B en n e tt R oad, M ap- 
perley , N o ttingham .

Sc. 1927. G illepsie, H . Me. K ., “ Stenliouse,” 
C arron, F a lk irk .

Lncs. 1923. G ilpin, W ., “ Sunnyside,” B ircb
G rove, R usholm e, M anchester.

E.M . 1924. G ilson, A. J . ,  15, M arcus S tree t, 
D erby.

M. 1926. G leave, J . ,  1, V ic to ria  S tree t, H a v e r - 
to n  H ill, M iddlesbrough .

Lncs. 1922. G ledhill, F ., 205, E a s t View, B radford  
R oad , B righouse, Y orks.

B . 1917. G lyn, T. A ., 67, G reen L ane, H ands- 
w o rth , B irm ingham .

W .R . 1922. Goff, R . M., 78, Low er R u sh ton  R oad ,
of Y . T h o m b u ry , B radford .
L ncs. 1924. G oodwin, G. W ., 11, W ycliffe R oad , 

U n n s to n , M anchester.
E .M . 1919. G oodw in, T ., B raeside S tree t, New 

B ed fo rd , D erby .
B . 1922. G ospel, W ., G u tta  P e rch a  Co., c/o 

T he  S taffordsh ire  S tain less Iro n  
Co., L td ., B aldw in  S tree t, B ilston , 
S taffs.

Sc. 1919. G raham , R ., 116, S tra tfo rd  S tree t, 
M aryhill, Glasgow.

E.M . 1917. G ran t, George, 62, L eicester R oad , 
Q uom , n r. Loughborough.

Sc. 1912. G ray, J . ,  2, S ta tio n  R oad , D um barton .
2 e

Year
B'nch. of ASSOCIATE MEMBERS.

Election.
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S. 1925. G reaves, H . A ., 25, R a v e n  R o ad , 
N e th e r  E d g e , Sheffield.

S. 1924. G reaves, J.-, 3, N ew  H ouses, P iccad ily , 
C hesterfield.

S. 1919. G reaves, J .  B ., 121, U p p e rth o rp e , 
Sheffield.

S. 1924. G reen, A ., 31, B room  G rove, R o th e r 
ham .

Lncs. 1924. G reen, A. E ., 60, W olseley R o ad , 
P reston .

S. 1917. G reen, E . N ., B rook  H ouse , E ecles- 
field, Sheffield.

S. 1926. G reen, J .  W ., 16, L ittlem o o r C rescent, 
N ew bold, C hesterfield.

S. 1914. G reen, P ., 54, R o lle s to n  R o a d ,
F ir th  P a rk , Sheffield.

Lncs. 1927. G reenhalgh, A ., 36, Jo h n  S tree t,
H eyw ood. L ancash ire .

Lncs. 1920. G reenhalgh, W ., 86, C rosby R o ad , 
B olton .

M. 1926. G reenw ell, O ., 12, A ngle S tre e t,
G rove H ill, M idd lesb rough .

L ncs. 1924. G reenw ood, T ., 1, Schofield S tre e t, 
T o d m o rd en .

Lncs. 1926. G reenwood, W m ., 44, Cecil R o ad , 
Eccles, n ea r M anchester.

L . 1926. G regory, A . W ., 98, A sh ton  R oad , 
L u ton .

L. 1918. G regory, E ., 16, M ansfield R o ad ,
B eech H ill, L u to n .

B. 1926. G riffiths, A . G ., 2, T ilb u ry  G rove, 
K in g ’s H e a th , B irm in g h am .

E.M . 1924. G riffiths, S., 94, S tenson  R oad , D erby .
M. 1926. G riffiths, W ., V alley  V iew, S ta tio n  

R oad , A m ersham , B ucks.
Lncs. 1925. G rieve, J .  E ., 24, T in d a ll S tree t, 

R edd ish , S to ck p o rt.
L ncs. 1919. G rim w ood, E . E . G ., 129, G lebe-

lands R o a d , A sh ton-on-M ersey .
L ncs. 1912. G ru n d y , H . V ., P e n tr ic h , C am pbell 

R o ad , B ro o k lan d s , C heshire.
L. 1920. G urney , S. J . ,  11, B u rn s R oad ,

B a tte rsea , S.W .

B'nch. of ASSOCIATE MEMBERS.
’ Election.
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M. 1926. H ackw ood , J . ,  52, B yelands S tree t, 
M iddlesbrough .

Sc. 1920. H aig , J . ,  7, V ic to ria  R o ad , L a rb e rt, 
v N .B .

Sc. 1920. H aig , T ., 23, L iv ingston  T errace,
L a rb e rt, N .B .

S. 1909. H a ll, E . D ., 50, N ap ier S tree t, 
Sheffield.

L . 1921. H all, Geo., “ G len thorne,” Sw an H ill, 
O xton, B irkenhead.

N . 1914. H all, J .  J . ,  Clyde Vale, R ow lands 
Gill, Co. D urham .

E.M. 1925. H allam ore , J .  C., O ak F a rm , B u rton  
R oad , L ittleover, n r . D erby.

Sc. 1925. H am il, W ., 50, W oodhead A venue, 
K irk in tilloch .

W .R . 1927. H am m ond , D . W ., 63, W averley
° f  Y . R oad , G reat H o rto n , B radford .
B . 1924. H am m ond , G, A ., 13c, H ill Top, 

W est Brom w ich, Staffs.
L . 1921. H am m ond , L ., 27, N o rth  W ay, N o rth  

H ea th , E rith .
E .M . 1925. H ancock , D ., 43, D rew ry  L ane,

D erby .
B . 1927. H an d , A. F ., 18, H o lyhead  R oad , 

O akengates, Salop.
L. 1918. H an d , H . E ., 189, M anwood R oad , 

C rofton P a rk , S.E .4.
E.M . 1924. H anson , C. H ., 285, A bbey S tree t, 

D erby.
W . & 1924. H ard in g , J .  W ., 14, W elford S tree t, 

M. B arry .
Gen. 1927. H ares, A ., P a rk  Crescent, 648, S tap le

to n  R oad , B risto l.
L . 1927. H a rfo rd , A. E ., 85, S um atra  R oad , 

W est H am pstead , N .W .6.
L ncs. 1926. H a rg rav es , R . C., 114, C hapel

S tree t, L evensliu lm e, M an
cheste r.

Lncs. 1919. H arg raves, R . R . (G randridge and 
M ansergh, L td .), W heath ill S tree t, 
Salford , M anchester.

Year
B nch- of ASSOCIATE MEMBERS.

Election.
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M. 1927. H arp e r, F . A ., 17, B ran k in g h am
T errace, S tock ton-on-T ees.

Lncs. 1911. H arp e r, H ., 28, A lex an d ra  S tree t,
C astle ton , n r. M anchester.

B . 1927. H a rp e r, J . ,  113, M ansfield R o ad ,
A ston , B irm ingham .

L. 1925. H arrin g to n , W . T ., 21, V ernon  R o ad , 
S tra tfo rd , L ondon , E .15 .

Lncs. 1922. H arris , F ., 18, H o llan d  S tree t, P ad i- 
ham , L ancs.

S. 1926. H arris , R . S., C allyw hite  L ane, D ron-
field, Sheffield.

M. 1926. H a rr iso n , A . G ., 11, B ev an  T errace , 
N o rto n  R o ad , S to ck to n -o n -T ees .

Sc. 1916. H arrow er, J .  (B o’ness Iro n  C om pany), 
B o ’ness, S co tland .

L. 1927. H a r t ,  W . F ., 5, B ishops A venue,
B ra in tree , E ssex .

Lncs. 1924. H a rtle y , R ., 15, O xford  R o ad , B oo tle , 
L iverpool.

Sc. 1914. H a rtle y , R . F ., L ondon  R o ad  F o u n d ry , 
E d in b u rg h .

M. 1926. H a rv e y , D ., 4, R y d a l R o a d , S to c k 
to n -on -T ees.

S. 1926. H a tto n , W . H ., B room hall L ane, 
Sheepbridge, C hesterfield.

E.M . 1925. H aw ley , T . H „  53, W illow  B rook  
R o ad , L eicester.

Sc. 1910. H ay , J . ,  120, B row nside R o ad , Cam- 
b uslang , G lasgow.

B. 1910. H ay w ard , G. T ., 8, T he L aurels, 
M arrow ay S tree t, B irm ingham .

L ncs. 1923. H ay w ard , R ., 39, B elgrave R o ad , 
N ew  M oston, M anchester,

E .M . 1922. H a y w a rd , W m ., F a irh a v e n , P a s 
tu re s  R o ad , S tap le fo rd , n r . N o t 
tin g h a m .

L ncs. 1925. H e a tle y , H ., 146, R ed lam , B la c k 
b u rn .

W .R . 1925. H e a to n , B ., M essrs. H a ll & S te ll,
of Y . D a lto n  L an e , K eigh ley .

B-nch. of ASSOCIATE MEMBERS.
Election.
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B . 1906. H eggie, C., 79, H o lly  L ane, E rd ing- 
to n , B irm ingham .

L ncs. 1922. H enderson , G., 1120, E lev en th  S tree t, 
T rafford  P a rk , M anchester.

L . 1910. H enderson , G. B ., 23, College R oad , 
W oolston, S ou tham pton .

N . 1923. H enderson , J .  W ., c/o Singapore
H arb o u r B oard , K eppel H arb o u r, 
S ingapore, S tra its  Settlem en ts .

Sc, 1911. H enderson , R ., 67, Love S tree t,
Paisley .

Sc. 1921. H en ry , Jo h n , 75, A lm a S tree t, Gra- 
h am sto n , E alk irk .

Lncs. 1922. H enshaw , J .  E ., 427, S tockpo rt R oad , 
L ow er B redbu ry , S tockport.

E .M . 1920. H ey , Jam es W m ., 43, Howe S tree t, 
D erby.

B. 1927. H ib b e rt, J .  C., 39, M ontague R oad , 
E rd in g to n , B irm ingham .

L. 1922. H ib b e rt, J . ,  138, B urling ton  R oad , 
T h o rn to n  H ea th , Croydon.

L . 1925. H ickenbo ttom , W . J . ,  50, W aterloo 
R oad , D unstab le .

L ncs. 1915. H ill, A ., 114, M iddleton R oad , H ey- 
w ood, Lancs.

L ncs. 1925. H ill, H . G ., 495, S tre tfo rd  R o ad , 
O ld T raffo rd , M anchester.

E .M . 1917. H ilto n , H . J .  S., 29, W est A venue, 
D erby.

Lncs. 1909. H ilto n , T . G ., 171, Rose H l l  R oad , 
B urn ley .

B . 1921. H in ley , Geo. H ., 53, P a rk  L ane E a s t, 
T ip ton , Staffs.

W .R . 1922. H ird , W ., T he C om er, H ard en ,
of Y . B ing ley , Y orks.
B . 1918. H older, E . W ., 131, E agle S tree t,

C oventry .
E .M . 1926. H o llan d , G ., C ostock, n r . L o u g h 

borough .
S. 1920. H o lland , G. A ., R ed  H ouse, Clay

Cross, n ea r Chesterfield.
L ncs. 1922. H o llan d , W ., 1151, C hester R oad , 

S tre tfo rd , M anchester.

Year
B'nch. of ASSOCIATE MEMBERS.
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E .M . 1925. H o llo ran , J . ,  162, B ro o k  S tre e t,
D erb y .

Lncs. 1924. H o lt, A ., 41, C arm en S tree t, A rdw ick, 
M anchester.

B . 1917. H om er, W . C., 51, Lodge R o ad , W est 
B rom w ich.

B . 1924. H opk ins, O. W ., 72, A bbey  R o ad , 
B earw ood, B irm ingham .

L ncs. 1925. H opw ood , A ., 154, C h este rg a te ,
S to ck p o rt.

L. 1921. H o tchk is , J .  D ., 29, R om berg  R oad , 
L ondon , S.W .17.

B . 1922. H o u g h to n , J . ,  15, M ayfield R o ad , 
C oventry .

L ncs. 1924. H o w ard , E . J .  L ., 8, Q ueens T errace , 
C larence R o ad , L o n g sig h t, M a n 
chester.

Lncs. 1921. H ow croft, J . ,  5, S t. J a m e s ’ S tree t, 
N ew  B u ry , F a rn w o rth , n r. B o lton .

W . & 1922. H ow e, C. A ., G. I .  P . Loco W orks, 
M. P arc l. B om bay , In d ia .

L . 1927. H ow ell, L . H ., 67, F o y le  R oad , 
B lackhea th , L ondon , S .E .3.

W .R . 1917. H oy , R . E ., 33, B runsw ick  A venue,
of Y . B everley  R o ad , H u ll.
N . 1923. H udson , F ., 28, C urtis R o ad , F en h am , 

N ew castle-on-T yne.
Lncs. 1926. H udson , R ., 39, S t. A ndrew  A venue, 

D roylesden, L ancash ire .
B. 1924. H u lse , j .  C., 8, Cecil S tree t, W alsa ll, 

Staffs.
S. 1925. H u n t, A ., 18, H ollingw ood Com m on, 

B arrow  H ill, n r. C hesterfield.
S.C. 1926. H u n te r , J .  M ., 77, P re s tw ic k  R o a d , 

A yr.
Sc. 1923. H u n te r , R . L ., N ew lands H ouse, 

Po lm on t, S tirlingsh ire .
L. 1922. H usselbU ry, E ., R osem ead , W inifred  

R o ad , B edford .
L . 1924. H u tch ings , T. C., 10, L open R o ad , 

S ilver S tree t, E d m o n to n , L ondon , 
N.18.

B. 1925. H yde , S idney, 25, Inhedge, G ornal, 
near D udley.

B ’nch. of ASSOCIATE MEMBERS.
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Lncs. 1917. In sk ip , A ., 992, A shton  O ld R oad , 
O penshaw , M anchester.

Sc. 1920. Irv in e , A ., T he P o in t, K ing  S tree t, 
L a rb e rt , N .B .

W .R . 1925. Jack so n , A ., 73, F ir s t  S tree t, Low
of Y . Moor, B rad fo rd .
Lnes. 1925, Jack so n , A ., 27, M arlboro’ S tree t, 

A ccrington.
Lncs. 1923. Jacq u es , T ., T he C ottage, H ill Top, 

R om iley , n r. S tockport.
B. 1914. Jam es, W ., 96, G rove L ane, H ands- 

w o rth , B irm ingham .
L . 1925. J a rv is , B ., 30, P rinces S tree t, D u n 

s ta b le , B eds.
N . 1919. J a y , H . C., 32, B aysw ater R oad, 

W est J  esm ond,N ew castle-on-Tyne.
Sc. 1927. Jeffrey , R . S. M., L ithgow  A venue, 

K irk in tilloch .
N . 1921. Jo b es , G. B ., 18, Sou th  S tree t,

G ateshead-on-T yne.
B. 1919. Jo hnson , J .  B ., 27, B all F ields, T ip ton .
M. 1926. Jo h n so n , L ., 45, L anehouse  R oad , 

T h o rn a b y  -on -T ees.
N . 1925. Jo h n so n , N ., 17, C hester R oad , S un 

d erland , Co. D urham .
B. 1924. Jo h n s to n , W . L ., 49, Gough R oad, 

Coseley, n r. B ilston , Staffs.
L ncs. 1916. Jones , J .  H ., “  E lle ray ,” Tem ple 

D rive, Sw inton, M anchester.
L ncs. 1919. Jo w e tt , H ., 53, T urf H ill R oad , 

R ochdale.
L . 1927. K a in , C. H ., 7, V ictoria S tree t,

B ra in tree , Essex.
L ncs. 1922. K ay , W m ., 9, E as tb an k  S tree t, B olton, 

L ancs.
W .R . 1922. K aye, H ., 6, F ry erg a te  T errace, New
of Y . Scarboro’, W akefield.
L ncs. 1907. K em lo , R . W ., “  D u n o tta r ,”  C am p

b ell R o ad , B rook lands , C heshire.
Sc. 1927. K ennedy , D ., 23, C opland R oad,

G ovan, Glasgow.

Year
B'nch. of ASSOCIATE MEMBERS.
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Sc. 1912. K ennedy , J . ,  “ D u n a rd ,”  H ow ieshill, 
C am buslang.

E.M . 1918. K erfoo t, Jo h n , 23, C um berland  R oad , 
L oughborough.

Sc. 1914. K e rr, W ., 101, A rdgow an S tree t,
Glasgow.

L ncs. 1925. K ersh aw , J / ,  31, B irk d a le  S tre e t, 
C h ee th am  H ill, M ancheste r.

L ncs. 1927. K idd , S. (Jun io r) , 4, S t. S tephens 
S tree t, O ldham .

Sc. 1927. K ilp a trick , A ., 463, Cullen T errace , 
C arron R o ad , F a lk irk .

N . 1925. K irb y , A . D ., 6, F a lsh aw  S tree t,
• W ash ing ton  S ta tio n .

Lncs. 1924. K irkham , J . ,  13, G t. Ja m e s  S tree t, 
W . G orton , M anchester.

W .R . 1922. K irk b rid e , A. D ., 24, Springsw ood
of Y . A venue, Shipley , B rad fo rd , Y orks.
Sc. 1920. K irkw ood, J . ,  102, B alg ray liill R oad , 

S pringburn , G lasgow.
B. 1922. K itch en , B ., 1, H ughes A venue,

B irches B arn  R o ad , . W o lv e r
ham p to n .

B . 1919. K ly v er, F . D ., 45, F a rm a n  R o ad , 
C oventry .

S. 1908. K now les, J .  (c/o. W alkers), M anchester 
R oad , S tocksbridge, Sheffield.

B. 1927. Lafford, T. W ., 8, P e n sn e tt R oad , 
B rierley  H ill.

L . 1922. L aidlow , W m ., 9, Griffin R o ad , P lum - 
s tead , S .E .

L ncs. 1923. L aing , J . ,  23, A spley R oad , B edford .
L ncs. 1927. L ally , W ., la ,  D uchy  S tree t, Seedley 

R oad , P en d e lto n , M anchester.
Sc. 1922. L ang , W m ., 64, Second A venue, 

R a d n o r P a rk , C lydebank .
Sc. 1907. L aw rie, A lex ., 40, G lebe R o ad , 

K ilm arnock .
Sc. 1919. L aw rie , R . D ., 49, Thorncliffe L ane, 

C hapeltow n, Sheffield.
S. 1920. L aycock , E .,213 , G rim estho rpe  R o ad , 

Sheffield.

B’nch. of ASSOCIATE MEMBERS.
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L ncs. 1914. L eaf, J .  W ., D is tr ic t B an k  H ouse, 
C astle ton , n r. R ochdale .

E .M . 1925. Lee, H ., 20, Moss S tree t, D erby .
N . 1913. Lee, J . ,  38, P o in t P leasan t T errace, 

W allsend-on-T yne.
Gen. 1921. L eech, W m . C reighton (N .S.W . Gov.

R ailw ays), W en tw o rth  an d  R u t 
ledge S tree t, E astw ood , Sydney, 
N .S .W . >

S. 1925. L evesley , W m ., 32, W estboum e 
R o ad , B room hill, Sheffield.

>S. 1920. Lewin, H ., “  W estb rook ,” S t. J o h n ’s
R oad , N ew bold, Chesterfield.

B . 1919. Lewis, D . (Jo h n  H a rp e r & C om pany, 
L im ited), A lbion W orks, W illen- 
ha ll, Staffs.

B. 1925. Lewis, E . J . ,  61, G rafnan t, Church 
V ale, W est Brom w ich.

B . 1910. Lew is, G., S tra th m o re , P ag e t R oad , 
W  o lv erham pton .

W .R . 1926. L iddem ore , A. E ., Cliffe T errace,
of Y . Ing row , K eighley .
Sc. 1925. L iddle, R ., 117, R oseberry  S treet, 

O atlands, Glasgow.
L ncs. 1927. L iley, M., 64, B ux ton  Crescent,

T u rf H ill E s ta te , R ochdale.
E .M . 1 9 2 3 .  L im b e rt, H ., 1 5 b ,  F a c to ry  S tree t, 

L oughborough .
L ncs. 1925. L ineker, A . W ., R u d d in g to n  H ouse, 

B eaconsfield , C .P ., Sou th  A frica.
L . 1919. L isby, T ., 7, M eanley R oad , M anor 

P a rk , E .
N . 1919. L ittle , J .  E . O., 1, G ibson T errace, 

M ary hill, D undee.
Sc. 1910. L ittle jo h n , A ., 11, E sm ond S tree t, 

Y orkhill, Glasgow.
L. 1922. L ittle to n , W . H ., 29a, W abeck R oad, 

A nerley, S.E.20.
Lncs. 1925. L ockett, E ., 38, Jackson  S tree t,

G orton, M anchester.

Year
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Sc. 1922. Longden, J . ,  11, D ru m ry  R o ad ,
C lydebank.

W .R . 1922. Low e, E ., 35, F o s te r  R o a d , In g ro w ,
of Y . K eigh ley , Y orks.
Lncs. 1927. Lowe, J . ,  175a, D ill H a ll L ane,

C hurch, n ea r A ccrington.
Lncs. 1910. Luptipn & Sons, H . E ., Scaithcliffe 

W orks, A ccrington.
W .R . 1927. L ox ton , C. R ., 26, E lm e t A venue,
of Y . R ou n d h ay , Leeds.
B. 1908. M ace, C., 64, P o r t  S tree t, M anchester.
Sc. 1926. M cA rthur, J .  N ., 24, B an k  S tre e t,

H illhead , Glasgow.
N . 1919. M cB ride, T . B ., 3, K ingsley  A venue, 

W h itley  B ay.
Sc. 1910. McCall, J .  J . ,  162, C am bridge D rive , 

N . K elv inside, G lasgow.
S. 1922. M cCleallan, C. J . ,  110, C arver S tree t, 

Sheffield.
Sc. 1919. McConnell, W ., 136, C arsaig D rive , 

C raigton, Glasgow.
Sc. 1925. McCulloch, W ., 174, N ew lands R o ad , 

C a th ca rt, G lasgow.
M. 1927. M cCusker, C. B ‘., 3 2 ,L an eh o u seR o ad , 

T ho rn ab y -o n -T ees.
M. 1927. M cCusker, M. S., 6, W ood S tree t,

S tockton-on-T ees.
Lncs. 1924. M cD erm ott, J .  P ., 118, B riersill

A venue, R ochdale.
S. 1913. M acdonald , W . A., 219, R inginglow  

R oad , Ecclesall, Sheffield.
E.M . 1924. M cD onald, D . M., 45, S ten so n  R o ad , 

D erby.
Sc. 1913. M cD onald, W . F ., 5, H u tch in so n

Place, C am buslang.
Sc. 1917. M acD ougall, Miss E ., 22, C larendon 

S tree t, S t. G eorge’s Cross, G lasgow .
Sc. 1911. M cE achen, J . ,  R eg en t S tree t, K irk in 

tilloch .
Sc. 1910. M acfarlane, J . , 51, K ings P a rk  A venue, 

C a th ca rt, Glasgow.
B. 1904. M cFarlane, T ., F a rm  R oad , H orsehay , 

Salop.

B.nch. of ASSOCIATE MEMBERS.
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Sc. 1914. M cG avin, R ., 5, M cK enzie A venue, 
C lydebank.

Sc. 1920. M cG ovan, A., G9, B attlefie ld  A venue, 
Langside, Glasgow.

Sc. 1910. M cGowan, R . R ., C olliston-by-
A rb roa th .

Sc. 1910. M ackay, G., 103, Glasgow R oad ,
Paisley.

S. 1916. M ackley, A ., 151, M alton S tree t,
Sheffield.

Lncs. 1923. M cKenzie, W m ., c/o  J .  Hodgkinson", 
L td ., F o rd  L ane W orks, P end le
to n , M anchester.

Sc. 1922. M cK innon, J .  C., Leaside C ottage, 
Cogan S tree t, B arrhead .

L ncs. 1922. M aclachlan , J .  R ,, 7, N ew all M ount, 
O tley , Y orks.

Sc. 1910. M cLachlan, W ., 5, D aw son T errace,
C arron, F alk irk .

N . 1922. M cLaughlin, P ., 9, Polm aise S treet, 
B laydon-on-Tyne.

W . & 1925. M cLean, J . ,  D onella, 12, D inas S tree t, 
M. G range, Cardiff.

Sc. 1915. M cN ab, J „  Bells W ynd , F a lk irk .
Sc. 1925. M cN iven, A lex, 13, D aw son S tree t,

F a lk irk .
Sc. 1910. M cPhie, H ., 40, P h ilip  S tree t, F a l

k irk .
L ncs. 1927. McVie, J . ,  Glen View, 23, Infirm ary  

R oad , B lackburn .
Sc. 1926. M cW hirter, A ., 74, Ochie S treetj

Tollcross, Glasgow.
Gen. 1925. M ah ind ra , J .  C., 6 an d  7, Clive

S tree t, C a lcu tta , In d ia .
Lncs. 1921. M allett, E ., 1152, Chorley Old R oad, 

B olton.
N . 1924. M arch, T ., 25, Clifford S treet, B lay 

don-on-Tyne.
B. 1909. M arks, J . ,  73, Crosswells R oad , L ang

ley, B irm ingham .
L ncs. 1923. M arlow , E ., 53, F lix to n  R oad ,

'«feUrmston, M anchester.
Sc. 1910. M arshall, G., “ Fereneze,” Russell

S tree t, B u m b an k , L anarksh ire .

Year
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L. 1922. M arshall, H . C., 29, W estw ard  R oad ,
S. C hingford, E .4.

Sc. 1912. M arshall, W . G., “ K y le a k in ,”  L ark - 
ha ll, Sco tland .

Lncs. 1925. M arsland , J . ,  205, M anchester R o ad , 
D roy lesden , M anchester.

Lncs. 1913. M arsland, T ., 401, M anchester R oad , 
D roylesden , M anchester.

Gen. 1924. M ason, A., 2, L indsey  S tree t, F rod - 
ingham , S cun thorpe , L incs.

W .R . 1922. M artin , F „  67, N ow ell T errace ,
of Y . H areh ills  L ane, Leeds.
Lncs. 1927. M artin , W ., 34, S t. G eorge S tree t, 

W ith in g to n , M anchester.
B . 1925. M assey, J .  S., 49, H aw kes L ane, 

H ill T op, W est B rom w ich.
Lncs. 1917. M asters, J . ,  “ T he H o llin s,” V ane

R o ad , L ongden  R o ad , Shrew s
b u ry .

B. 1922. M asters, T . J . ,  12, G lover S tree t, 
W est B rom w ich.

B. 1909. M athew s, J . ,  20, E a rl S tree t, W alsall. -
B. 1921. M auby, R . A ., H o p sto n e , B r id g n o r th ,

Salop.
Lncs. 1926. M azarachi, A . C., 42, U lle t R oad , 

L iverpool.
Lncs. 1925. M eadow croft, H . ,14, W o rceste r S tree t, 

R ochdale .
Sc. 1914. M earns, A ., B engal Iro n  Co., K u lti , 

E . I . R ., In d ia .
Lncs. 1926. M ellors, W .,166, W est S tree t, O ldham .
M. 1926. M enzies, A ., 2, P o p la r R oad , T horna- 

by-on-Tees.
Lncs. 1926. M erigold, J .  J . ,  67, Sw ans L ane, 

B o lton .
B. 1921. M eston, J .  M., P rio ry  H ouse , P rio ry  

S tree t, C oventry .
S. 1913. M iller, A ., 90, B aw try  R o ad , T insley , 

Sheffield.
S. 1918. M ilner, H ., 163, Cross H ill, Eccles- 

field, n r. Sheffield.
W .R . 1923. M ilner, J .  W ., 29, W elbeck  S tree t,
of Y . S andal, W akefield.

B'nch. of ASSOCIATE MEMBERS.
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Sc. 1927. M itchell, W . C. 2, L ang S tree t, 
Paisley .

Sc. 1922. M itra , S. B ., c/o  B engal Iron  Co., L td ., 
K u lti , E . I. R ., Ind ia .

Lncs. 1918. M offat, J . ,  12, D ryden  S tree t, Pad i- 
harn, Lancs.

W .R . 1927. M offitt, R ., 172, D evonshire S tree t,
of Y . K eighley, Y orks.
Sc. 1916. Moir, J .  D ., B o’ness Iro n  C om pany, 

L td ., B o’ness, S co tland .
Sc. 1926. M oir, T ., 10, A lm a S tree t, F alk irk , 

N .B .
B. 1916. Mole, T ., 7, D elville R oad , Church 

H ill, W ednesbury .
E.M . 1921. M oodie, Colin, 169, S ta tion  R oad, 

B eeston, N o tts .
L ncs. 1926. M oore, R . C., 61, F itzw arren  S tree t, 

Seedley, M anchester.
B. 1916. M oore, W . H ., D evonia, M oat R oad , 

L angley Green, B irm ingham .
N. 1920. M oorhead, H . A., 22, M oorland Cres'- 

cen t, W alker E s ta te , N ew castle.
Sc. 1909. M orehead, J .  S., 98, W ilton  S tree t,

K elvinside, Glasgow.
B. 1919. M orewood, J .  L ., 37, P aign ton  R oad, 

R o tto n  P a rk , B irm ingham .
B . 1926. M organ, E . S., 22, C lipton R oad,

Saltley, B irm ingham .
W . & 1922. M organ, W ., B ryn  D erwen, B ryn  

M. T errace, P o rth , G lam ., So. W ales.
S. 1924. M orris, T . R ., 3, A lbert S treet,

M asboro’, R o therham .
Lncs. 1925. M orris, W ., 16, B ird  S tree t, P res ton .
N . 1924. M udie, T ., 34, Beech Grove, M onk-

seaton.
Sc. 1927. M uir, W ., “ B ellevue,” Carronshore,

F a lk irk .
N. 1913. M urray, J . ,  5, Elm w ood A venue,

W illington, Q uay-on-Tyne.
S. 1914. N aylor, A ., 239, Abbeyfield R oad ,

P itsm oor, Sheffield.

Year
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Lncs. 1915. N ay lo r, F ., 26, N owell C rescent,
H areh ills  L ane, Leeds.

B . 1926. N ea th , F . K ., 16, Sarehole R o ad , 
H a ll G reen, B irm ingham .

Lncs. 1925. N eedham , G. A ., 11, N ew bridge
L ane, S tockpo rt.

W .R . 1925. N eild , G ., 3, B aden  T errace , H ough
of Y . E n d , B ram ley , Leeds.
N . 1914. N ekerv is, J . ,  14, B ro u g h to n  R o ad , 

S ou th  Shields.
Gen. 1921. N ew land, J .  E ., 37, P ro v o s t S tree t, 

H o lbeck , L eeds.
Lncs. 1920. N ew port, F .,  1428, A sh ton  O ld R o ad , 

H ig h er O penshaw , M anchester.
W .R . 1926. N ichol, W . E ., 19, College R o ad ,
o f  Y . C rosland M oor, H uddersfie ld .
Lncs. 1912. N icholls, J . ,  146, H u lto n  S tree t,

T raffo rd  R o ad , Salford.
N . 1921. N icholson, J .  D ., 13, T ay lo r S tree t, 

S ou th  Shields.
Sc. 1918. N isbet, H . L ., L ily b u m , H illen d  R o ad , 

L am b h ill, G lasgow.
Lncs. 1920. N oble, A ., 42, C en tra l R oad , G orton , 

M anchester.
Lncs. 1924. N oble, J . ,  53, R edd ish  L ane, G orton , 

M anchester.
B . 1924. N o rth c o tt, L ., 9, K irk  L ane, P lum - 

s tead  Com m on, L ondon , S .E .18.
S. 1921. Offiler, G ., 9, W ard  P lace, H ighfields, 

Sheffield.
Lncs. 1920. O ldham , R ., 191, D ill H a ll L ane , 

C hurch, Lancs.
Lncs. 1923. O ilier, A. L ., 53, G orse S tree t, S tr e t

fo rd , M anchester.
N . 1910. O lsen, W ., Cogan S tree t, H u ll.
Sc. 1920. O rm an, W in ., 55, S unnyside S tree t,

C am elon, F a lk irk .
E .M . 1927. O rm e, R . F ., A rdo rn  H ouse , S ydney  

R oad , H illm orton , R ugby .
S. 1924. O’Shea, D . B ., V ickers, L td ., B ro a d 

w ay  H ouse , W estm in ste r, S.W .
E.M . 1922. O ttew ell, H ., T he  M ead, Sw anw ick, 

A lfreton, D erby.

B’nch. of ASSOCIATE MEMBERS.
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B. 1922. Owen, A. C., G ladstone H ouse, 
K etley  B ank , n ea r W ellington, 
Salop.

Lncs. 1924. Owen, W ., 33, G ranville R oad , G or
to n , M anchester.

S. 1914. Oxley, C., 101, M ontgom ery R oad , 
Sheffield.

B . 1924. P a lm er, A ., 14, M arsh H ill, S tock land  
G reen, B irm ingham .

L ncs. 1923. P a lm er, T ., 5, M arm aduke S tree t,
O ldham .

B. 1925. P arkes , I ., 157, W hitehall R oad ,
G reets G reen, W est Brom w ich.

L. 1920. P a rn e ll, H ., “ F red a  V illa,” 25,
Q ueen’s R oad , B u rnham  - on - 
Crouch.

L ncs. 1925. P a rr in g to n , P ., 30, V ernon S tree t, 
B ury .

B . 1926. P arsons, D . J . ,  23, Im peria l Avenue,
K idderm inster.

Sc. 1914. P a tr ic k , A ., 65, M ungalhead R oad , 
F a lk irk .

B . 1925. P a tr ick , J . ,  5, S t. M argare t’s S tree t, 
C an te rbu ry , V ictoria, A ustralia .

L . 1925. P a y to n , T . G., 33, K ing S tree t, D u n 
s tab le , Beds.

N . 1925. P earson , C. E ., 2, P ea rl S tree t, Salt- 
bum -by-S ea .

E.M . 1906. P em b erto n , H ., 15, W olfa  S tree t, 
D erby.

Lncs. 1919. P erk in s, F . S., 55, S laney S tree t, 
N ew castle-under-L ym e, Staffs.

L . 1927. P e rry , A. E ., 153, D artm o u th  P a rk  
H ill, H ighgate , L ondon, N.19.

L ncs. 1922. Ph illips, A ., 38, Gorse Crescent,
S tre tfo rd , M anchester.

B . 1927. Ph illips, H . ,“ F a irho lm e,” P arkva le  
A venue, W ednesbury , Staffs.

B. 1918. P icken , J . ,  L ilac C ottage, Doseley, 
D aw ley, Salop.

L. 1920. P ierce, G. C., 11, A thelney  S tree t, 
B ellingham , S .E .6 .

B’uch. Yo fr ASSOCIATE MEMBEES.
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S. 1926. P o lla rd , C. D „  392, F ir th  P a rk  RoacI, 
Sheffield.

L ncs. 1918. P o tts , W ., 1, F a r  L ane, H yde  R o ad , 
G orton , M anchester.

W .R . 1922. P o u lte r , H ., 4, B eech G rove, U nder-
of Y . cliffe, B rad fo rd , Y orks.
Lncs. 1922. P re sco tt, J . ,  3, L ou isa  S tree t, B e lto n , 

L ancs.
Lncs. 1922. P rie s tley , Jo s ., 258, W ate rloo  S tree t, 

B o lton , L ancs.
Lncs. 1922. P rie s tley , T hos., 185, K a y  S tree t, 

B o lto n , L ancs.
L. 1912. P rim rose , H . S. (C am pbell & G ifford), 

17, V ic to ria  S tree t, S .W .l.
B . 1909. P u g h , C. B ., R a m se y  H o u se , B esco t, 

W alsall.
S. 1917. Pugsley , T . M ., 45, Leslie S tree t,

V ereeniging, T ran sv aa l, S ou th  
A frica.

M. 1926. R am sey , J .  E ., 95, P rinces R o ad ,
M idd lesb rough .

M. 1926. R an d , T ., 11, P ea rl S tree t, S a ltb u m - 
by-Sea.

L. 1926. R an d le , L . A ., 45, N ichols S tree t, 
C oventry .

Sc. 1904. R a n k in , R . L . (S harp  & C om pany),
L ennox  F o u n d ry , A lexand ria , 
S co tlan d .

L^ 1920. R asb ridge , W . J . ,  160, E v e ly n  S tree t, 
D ep tfo rd , S .E .

Lncs. 1910. R aw linson , W ., “ F a irh a v e n ,”  P o r t la n d  
R o a d , E llesm ere  P a rk , E ccles, 
M ancheste r.

L . 1917. R eam an , H ., 13, A delaide R o ad ,
B rock ley , S .E .4.

S. 1907. R ed m ay n e , L ., L it tle  L ondon  R o ad , 
Sheffield.

E .M . 1916. Reffin, J .  J . ,  79, B arc lay  S tree t, Fosse 
R o ad  S ou th , L eicester.

L ncs. 1927. R eyno lds, J .  A ., “ N irv a n a ,” Eecles- 
to n  P a rk , n e a r P resco t.

B’nch. Yofar ASSOCIATE MEMBERS.
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L ncs. 1907. R eynolds, W ., 13, P a rk  View Terrace, 
O ldham .

W .R . 1922. R hodes, W ., 20, H ope View, Carr
of Y . L ane, W indhill, Shipley, Y orks.
S. 1922. R hodes, W m ., B eech H olm e, Eccles- 

field, n r. Sheffield.
L . 1925. R ichards , W . S., 68, B eatrice  A venue, 

K ey h am  B arto n , D evonport.
W . & 1924. R ichardson , R . J . ,  L lanb le th ian  H ouse, 

M. n r. Cowbridge.
N . 1912. R ichardson , W ., 204, S ou th  F rederick  

S tree t, South  Shields.
M. 1926. R ichardson , J .  W ., 424, L in thorpe 

R oad , M iddlesbrough.
L. 1924. R ichm an , A. J . ,  “  S tra th a v e n ,” B rooks 

H a ll R oad , Ipsw ich.
Lncs. 1927. R id y ard , A ., 26, A stonw ood R oad, 

H igher T ranm ere, B irkenhead.
L ncs. 1911. R iley , J . ,  M.Se., A .M .I.C .E ., A .M .I.

M ech.E ., M .I. & S .I., 3, Glen R oad , 
off Lees R oad , O ldham .

S. 1912. R o b erts , G. E ., 149, Sharrow  Vale 
R oad , Sheffield.

N . 1921. R obertson , H ., 60, R yhope R oad ,
G rangetow n, Sunderland.

Sc. 1920. R obinson , C. H ., 42, Sm ith  S tree t, 
H illhead , Glasgow.

Lncs. 1920. R obinson , F ., 369, W igan R oad ,
D eane, B olton.

B . 1925. R obinson , J . ,  8, E sp lanade E ast,
C a lcu tta , In d ia .

M. 1917. R obinson, J .  H ., c 'o . R . W. Crosth-
w aite, L td ., U nion F oundry ,
T ho rnaby  - on - Tees.

N . 1919. R obson, F ., 44, S tann ing ton  Place, 
H ea to n , N ew castle-on-Tyne.

S. 1913. R odgers, F ., B righ tside  F ou n d ry
& E ngineering  Co., L td ., Newhale 
Iro n  W orks, Sheffield.

S. 1913. R odgers, J .  R . R ., 362, F ir th  P a rk  
R o ad , Sheffield.
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Sc. 1924. R odgers, P .,  Ju b ile e  P lace , B o n n y  - 
bridge.

B . 1917. R oe. H . J . ,  29, P a rk  R o a d , M oseley, 
B irm ingham .

E.M . 1913. R oe , J . ,  G lobe F o u n d ry , S to res R o ad , 
D erby .

Gen. 1920. R ogers, C. F ., 28, M aycock R o ad , 
C oven try .

Sc. 1926. R o lland , W ., 10, V ic to ria  D riv e ,
S eo ts toun , G lasgow .

Sc. 1922. R oss, E . J . ,  12, A fto n  S tre e t, L ang- 
side , G lasgow .

L nes. 1922. R ow e, F . W ., 41, M oorside A venue, 
C rosland  M oor, H uddersfie ld .

E.M . 1924. R ow ell, E . L ., 1, R a th b o n e  P lace , 
M iddle H ill, X o ttin g h am .

W .R . 1922. R ow n tree , F ., 28, C am pbell S tre e t,
of Y . B ow ling B a c k  L an e , B rad fo rd ,

Y orks.
S. 1927. R o x b u rg h , J . ,  720, A bbeyda le  R o ad , 

Sheffield.
M. 1926. R u th e rfo rd , C., “  Ing lefie ld ,”  E ag les- 

clifie, n e a r  Y arm ., S.O .
X. 1925. R u tled g e , W . B ., 61, X o rth  View,

H ea to n , X ew castle-on-T yne.
L ncs. 1924. R y d in g , F ., 52, B a rn s ley  R o ad ,

W igan , L ancs.
W .R . 1927. R y n er, A . S ., W est B an k , H ew o rth ,
of Y . Y ork .
L . 1913. Sam son, A , 18, M artin  R o ad , Ip sw ich .
L. 1923. S anders , H . H ., 21, E th e rle y  R o ad ,

H a rrin g ay , X .15.
S. 1921. S anders , H orace  L ., 72, M u rray

R o ad , E ccleshall, Sheffield.
B . 1905. S ands, J . ,  27, V ic to ria  S tre e t, W est 

B rom w ich.
M. 1926. S au lt, A ., 10, P in e  S tree t, X o rto n - 

on-Tees.
V .R . 1922. Sayers, H ., 53, A cre R o ad , M iddleton,
of Y . n e a r  Leeds.
S; 1927. Scholes. A ., 35, B rom w ich  R o ad , 

W oodseats, Sheffield.

850

Tear
B’nch. of ASSOCIATE MEMBERS.

Election.



L ncs. 1924. Scholes, W . H ., 15, H ope P a rk  R o ad , 
B en t H ill, P restw ick , M anchester.

Sc. 1923. S co tt, C., 7, L a  F rance  A venue,
Bloom field, New  Jersey , U .S.A.

N . 1916. S co tt, G. W ., 1, N o rthum berland
V illas, W allsend-on-Tyne.

N . 1921. S co tt, H ., 41, G reenhow Place, E ls- 
w ick, N ew castle-on-Tyne.

N . 1918. S co tt, W ., 7, L ynw ood A venue, B lay- 
don-on-Tyne.

M. 1926. Seam an, A ., 1, Cowper Bewley R oad ,
H av e rto n  H ill, M iddlesbrough.

L ncs. 1925. Self, D ., 11, C roft S tree t, F ailsw orth , 
M anchester.

S. 1921. Senior, George, 305, U ppertho rpe ,
Sheffield.

V

L ncs. 1925. Service, J . ,  78, H ighfield R oad ,
Seedley, M anchester.

W .R . 1913. Shackleton , H . R ., U pper P ea r Tree
of Y . F a rm , H ainsw orth  Shay, K eighley.
W .R . 1922. Shaw, A ., 28, M arlboro’ R oad ,
of Y . Shipley, B radford .
L. • 1924. Shaw yer, G. H ., 81, E dw ard  S tree t,

D ep tfo rd , S .E.8.
L . 1926. Shaw yer, ju n r ., G. W ., 81, E dw ard  

S tree t, D ep tfo rd , S .E .8.
B . 1924. Shearm an, F . E ., 63, Sum m erfield

C rescent, B irm ingham .
L ncs. 1926. Shepherd , F . L ., 215, T o tting ton  

R oad , B ury .
S. 1923. S h e rra tt, W ., 39, H orndean  R oad ,

P itsm oor, Sheffield.
E .M . 1925. Sherriff, C., 62, H erb e rt S treet,

L oughborough .
B . 1925. Shore, A. J . ,  “ B rad d a ,” Q uinton H ill, 

B irm ingham .
B. 1920. Shorthouse, W . H ., 60, E dw ard  S treet, 

W est Brom w ich.
B . 1927. Shw albe, S., 62, M ilverton R oad,

E rd ing ton , B irm ingham .

b 1
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W . & 1925. Silverw ood, H . W m ., 320, N ew p o rt 
M. R oad , Cardiff.

Lnos. 1922. S im kiss, H ., 28, E n erg y  S tree t, B ra d 
fo rd  R oad , M anchester.

S. 1917. S im pson, C. D ., 17, W illis R oad ,
H illsb ro ’, Sheffield.

S. 1925. S im pson, F . A ., 110, E d w ard  S tree t, 
Sheffield.

B. 1914. Sim pson, H ., G reenhu rst, D oseley,
D aw ley, Salop.

W .R . 1925. Sim pson, J .  A ., 3, Je sm o n d  P lace ,
of Y . H u n s le t H a ll R o ad , Leeds.
N . 1916. S inclair, J . ,  25, G ranv ille  S tree t, Mill- 

field, S underland .
Lncs. 1905. Skelton , H . S., “  L in d sey ,” O ld

L ane, E cc les ton  P a rk , P re sco t,
Lancs.

S. 1925. Skerl, J .  G. A ., M .Se., D e p t, of
A pplied  Science, S t. G eorge's 
Square, Sheffield.

L. 1925. Skidm ore, B ., 2, Ja c k m a n s  P lace ,
L e tch  w o rth , H erts .

E.M . 1925. S lade, R . H ., 254, S t. T hom as R oad , 
D erby.

L. 1911. S la ter, H . O ., “ Sunny  H ill ,”  Leseners 
P a rk , B elvedere, K en t.

Lncs. 1906. S m eth u rs t, J .  H ., B rie ry  C roft, L odge 
L ane, W arrin g to n .

L . 1927. S m ith , A. C., 9, G reenw ay G ardens, 
London, N .W .3.

L ncs. 1925. S m ith , P . ,  85, G reenbahk  R o a d , 
R ochdale .

Gen. 1919. S m ith , F . G ., 15, C herry  S tree t,
C oventry .

S. 1913. S m ith , J . ,  A bney  H ouse , G leadless 
R oad , Sheffield.

Sc. 1921. Sm ith , J . ,  6, K en n a rd  S tree t, F a lk irk .
N . 1914. S m ith , J .  M ., B rass F o u n d ry , E lsw ick 

W orks, N ew castle.
B . 1917. S m ith , S., 114, T e tley  R o ad , H all, 

G reen, B irm in g h am .
L ncs. 1909. S m ith , S. G ., 86, B a rto n  R o ad , S tr e t

fo rd , M anchester.

B’ncli. of ASSOCIATE MEMBERS.
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Lncs. 1924. S m ith , W ., 358, H alifax  R oad , 
T odm orden.

E.M . 1925. S m ith , W . F ., 152, S t. T hom as R oad , 
D erby.

E.M . 1926. Sm ith , W . H ., 9, Leopold S tree t, 
D erby.

W .R . 1924. Sm ith , W m ., 10, B ell S tree t, Newsome
of Y . R oad , H uddersfield .
Sc. 1924. Sneddon, F . M., 28, F o res t S tree t, 

Mile E n d , Glasgow.
S. 1924. Somerfield, H ., 146, S andygate  R oad , 

Sheffield.
L. 1904. Sperring , B. F ., 244, L ake R oad ,

P o rtsm ou th .
Sc. 1920. S p itta l, J . ,  82, N orham  S tree t, Shaw- 

lands, Glasgow.
L ncs. 1926. S tacey , C. W ., 5, H arco u rt S tree t, 

Gorse H ill, S tre tfo rd , M anchester.
Lncs. 1926. S tan ley , F ., 16, F ir  S tree t, P a tric ro ft.
B . 1927. S tan to n , L ., 8, Low-wood R oad ,

E rd ing ton , B irm ingham .
Sc. 1918. S ta rk , W . C., 37, Sum m ertow n R oad , 

G ovan.
B . 1917. S ta rr , F . G. S., 128, Selw yn R oad , 

R o tto n  P a rk , B irm ingham .
Lncs. 1917. S tead , H ., 1st' 36, C heetham  H ill R oad , 

S talybridge.
S. 1914. Steggles, A. L ., 240, Bellhom e R oad ,

Sheffield.
B. 1914. S tephen , S. W . B ., T he W oodlands, 

H ag ley  R oad  W est, B irm ingham .
L . 1921. S tevens, W m ., “ N ew land ,”  Church

R d ., R odboum e, Cheney, Swindon.
Lncs. 1921. S tevenson, M., 9, F o im tain s A venue, 

F irw ood, B olton.
Sc. 1925. S tirling , E ., Y ork  P lace, K irk in tilloch ,
N. 1914. S tobbs, R ., 199, S tanhope R oad .

S ou th  Shields.
S. 1919. S tocker, W . E ., 109, E llesm ere R oad, 

P itsm oor, Sheffield.
L. 1915. S tone, E . G., 20, C autley  A venue,

C lapham  Comm on, S.W .
Lncs. 1920. S to rer, W . H ., 255, S ettle  S tree t, 

G reat L ever, B olton.
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W .R . 1926. S to t t .  E ., 4, O rchard  S tree t, O tley ,
of Y . Y orks.
L . 1925. S tu b b s , R . G ., 290, C om m ercial R o ad , 

P eckham , S .E .15.
L . 1922. Sum m ers, H . G., 35, P e rry  H ill, 

C atford , S .E .6 .
E .M . 1927. Sum m ersgill, E . (Ju n io r) , 47, S ta tio n  

R oad , L ong  E a to n , N o tts .
L ncs. 1910. Sutcliffe, A ., 1, F irw ood  G rove, T onge 

M oor, B olton.
W .R . 1922. Sutcliffe, A ., “ T hom cliffe ,”  W elling-
of Y . to n  R o ad , T odm orden , Y orks.
Lncs. 1919. Sutcliffe, W ., 3, B irk d a le  R o ad ,

T u rf  H ill, R ochdale .
L ncs. 1923. Sw ann, H ., 31, A lex an d ra  R o a d , 

P a tr ic ro f t, M anchester.
Sc. 1927. Sym e, T . R ., 90, R o llan d  S tree t,

M aryhill, G lasgow.
N . 1922. T a it , A. H ., A rm agh  H ouse, W allsend- 

on-T yne.
S. 1913. T a it , E ., 47, T yzack  R o ad , W ood-

sea ts , Sheffield.
L ncs. 1922. T a te , C. M., B rook  R o y d , T o d 

m o rd en  R oad , B urn ley .
Gen. 1906. T ay lo r, A. (F ield ing & P la t t ,  L im ited ), 

A tlas Ironw orks, G loucester.
B . 1925. T ay lo r, A ., T he W illow s, G ipsy  L ane, 

W illenhall.
B . 1925. T ay lo r, E . R .,  148, S o u th  R o ad , 

H a n d sw o rth , B irm ingham .
W . & 1905. T ay lo r, F . (T ay lo r & Sons, L im ited ), 

M. B rito n fe rrv , S o u th  W ales.
B . 1926. T ay lo r, F . , J .P . ,  ‘-T h e  W illow s,”  G ipsy

L ane, W illenhall, S taffs.
Lncs. 1921. T ay lo r, Jam es, 3, T rem ellen  S tree t, 

A ccrington.
S. 1926. T ay lo r, R . J .  S., H ill C rest, B room -

h a ll L ane, O ld W h ittin g to n , 
Chesterfield .

L. 1925. T easdale , I . ,  H om eland , N o rto n
Village, L e tchw orth .

N . 1921. T em ple, G, T ., 35, G rosvenor D riv e , 
W h itley  B ay .
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Sc. 1926. T en n an t, A. McA., 2, U nion R o a d , 
B a th g a te .

L ucs. 1922. T ha tcher, E . H ., T he N ew port F o u n 
d ry  Co., Mill P arade , N ew port.

N . 1924. T hom , J . ,  11, M oorland C rescent, 
W alker, N ew castle-on-Tyne.

L. 1909. T hom as, E ., 41, K ingsh ill R oad , 
Sw indon.

W .R . 1922. T hom pson, E ., T h rybu rg  S tree t,
of Y . Leeds R oad , B radfo rd .
L. 1926. T hom pson , J .  S., 21, E r ith  R oad , 

B elvedere, K en t.
Sc. 1925. T hom son, D . B ., 1 K now e Terrace, 

H illend  R oad , L am bhill, Glasgow.
S. 1921. T hom son, T . A ., 8, Clifton Dale, 

Y ork.
S. 1923. T h o rn ton , A. E ., 34, H am p to n  R oad , 

P itsm oor, Sheffield.
Lncs. 1911. T im m ins, A. E ., 133, R oose R oad , 

B arrow -in-Furness.
Lncs. 1924. T im perley , T ., 30, V entnor R oad, 

H ea to n  M oor, S tockport.
E .M . 1927. T om pkin , S. E ., 332, E a s t P a rk  

R oad , Leicester.
Sc. 1925. T onagh, Chas., 70, S tevenson S tree t, 

C alton, Glasgow.
Lncs. 1919. T oplis, H ., H ans R enold , L im ited , 

B um age  W orks, D idsbury , M an
chester.

Lncs. 1914. T opping, G., 17, B ebbington  S tree t, 
C layton, M anchester.

L . 1925. T orode, G. F ., 537, O xford R oad , 
R eading .

B . 1909. Toy, J .  H ., 87, E dgbaston  R oad , 
Sm ethw ick, Staffs.

Sc. 1920. T rap p , P ., K ilnside  C ottage, F a lk irk .
E.M . 1924. T unnicliffe, F . J . ,  9, A ugusta  S tree t, 

D erby.
Sc. 1923. T u rnbu ll, Alex. W ., P rim rose C ottage, 

B onnybridge.
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B'nch. of ASSOCIATE MEMBERS.

Election.
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S. 1918. T u rn er, W ., 90, E d g ed a le  R o a d ,
Sheffield.

B . 1923. Tw igger, T . R ., P o s t Office, B ubben- 
hall, n r . K en ilw orth .

L . 1925. U nderw ood , W . G ., 9, Sears S tree t, 
N ew  C hurch  R oad , C am berw ell, 
S .E .5 .

Sc. 1920. U re, R ., S tenhouse  H ouse , C arron,
F a lk irk .

E .M . 1921. V aughan , B enj. H ., 25, H o lm es S tree t, 
D erby .

B . 1917. V aughan , G. A ., P en  G len, T ivedale
R oad , B u rn t T ree, T ip ton .

Lncs. 1921. V ernon, G. W ., 11, A shfield R o ad , 
B urn ley .

N. 1914. W ain fo rd , E . H ., H igh  R o w , G ain fo rd , 
D arling ton .

Lncs. 1925. W alker, A ., 117, R o b e r t  S tree t,
N ew ton  H e a th , M anchester.

S. 1921. W alker, A lex. W ., 113, D a lto n  G reen 
L ane, H uddersfield .

Sc. 1920. W alker, D ., 5, N ew  H ouses, A nderson  
S tree t, B onnybridge .

L. 1922. W alker, F . D ., 153, G reenvale R o ad , 
E lth a m , S .E .

Sc. 1920. W alker, G., 21, N ap ie r P lace , B ains- 
fo rd , F a lk irk .

E.M . 1920. W alke r, Geo. H ., 2, C am p S tree t, 
D erby .

Sc. 1920. W alker, Jo h n , 130, W allace  S tree t, 
F a lk irk .

Sc. 1920. W alker, W m ., 10, L a rb e rt R o ad , 
B onnybridge, F a lk irk .

Lncs. 1915. W alw ork, R . N ., W este rn  R o ad , 
W ilm slow , Cheshire.

E.M . 1924. W ard , J .  C., 56, D an v ers  R o ad , 
L eicester.

B . 1919. W areham , H ., 37, B roadw ay , C oven
try .

E.M . 1925. W arn er, A m os, 252, S t. T hom as R oad , 
D erby .

S. 1911. W asteney , J . ,  V ulcan F o u n d ry , E ck- 
in g to n , n r. C hesterfie ld .

B’ncii, of ASSOCIATE MEMBERS.
Election.
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G en. 1914, W atson , R ., Saxilley H ouse, 49, 
Y ork  S tree t, R ugby.

Sc. 1919. W a tt ,  R ., E tn a  Ironw orks, F a lk irk .
L. 1927. W a tts , W ., 23, B o lt S tree t, D eptford ,

L ondon, S .E .8.
Sc. 1920. W augh, W m ., 21, D undas Crescent, 

L aurieston , Falk irk ,
N . 1921. W eathers, J .  H ., 76, S tan to n  S tree t, 

N ew castle-on-Tyne.
B . 1923. W ebb, A. W . J . ,  1, S idney S tree t,

G loucester.
B . 1927. W ebb, A. E ., 45, B re tte l S treet, 

D udley, W orcester.
E .M . 1921. W ebb, E rn e s t A lfred, 109, W arw ick 

S tree t, Leicester.
S. 1909. W ebster, C., 34, M ilton R oad , R o th e r

ham .
B. 1922. W ebster, H . E ., 46, D ovey R oad ,

M oseley, B irm ingham .
B. 1926. W ebster, W ., 74, H orseley R oad , 

T ip to n , S taffs.
B . 1911. W estw ood, J .  H ., 1583, S tra tfo rd  

R oad , H all G reen, B irm ingham .
Lncs. 1925. W h arto n , L ., 4, R idehalgh  S treet, 

Colne, Lancs.
W .R . 1913. W hitak e r, E ., 145, S t. E noch R oad ,
of Y . W ibsey , B rad fo rd .
M. 1926. W hitehead , A ., “  A vondale,” St.

L u k e ’s A venue ,T hom aby  -on -Tees.
L. 1911. W hiting , A ., B rynbella , Pem broke 

R oad , E rith , K en t.
L . 1924. W hiting , A. F ., 56, B a tt le  R oad , 

E r ith , K en t.
S. 1925. W ild, A. J „  M idland B rass F oundry , 

A tterc liffe , Sheffield.
E .M . 1926. W ild, H ., 14, A lbert P rom enade, 

L oughborough, Leicestershire.
M. 1926. W ilkes, R ., 39, P earl S tree t, H aver- 

to n  H ill, M iddlesbrough.
B. 1920. W ilkins, A. J .  R ., 149, Toll E nd  

R oad , O cker H ill, T ip ton .
M. 1910. W ilkinson, T ., S tock ton  S tree t, M id

dlesbrough.

Year
B’nch. of ASSOCIATE MEMBERS.

Election.
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S. 1919. W illiam s, A ., 31, B urng reave  B ank , 
Sheffield.

B . 1919. W illiam s, A. M organ, 43, Q ueen’s 
R o ad , C oventry .

L ncs. 1925. W illiam s, 0 . ,  25, T h irlm ere  A venue, 
S tre tfo rd , M anchester.

B . 1923. W illiam s, R ., 166, Cross R o ad , Foles- 
h ill, C oventry .

Sc. 1911. W illiam son, H ., 3, N ain  S tree t, D al- 
m uir.

Sc. 1920. W illiam son, J . ,  I l l ,  S tirling  S tree t, 
D enny , S tirlingsh ire .

L. 1920. W illsher, W . H ., “ B rey d o n ,” O ak- 
h ill G ardens, W oodford  G reen, 
L ondon , E .18.

Lncs. 1919. W ilson, A. E ., 84, D ew h u rs t R oad , 
Syke, R ochdale .

L . 1925. W ilson, A. M., E lm  V illa, M iklm ay 
R o ad , B urnham -on-C rouch .

L. 1927. W ilson, C. H . V ., 31* K in g ’s A venue, 
C lapham  P a rk , L ondon, S .W .4.

W .R . 1923. W ilson, H . T ., 34a, C om m ercial S tree t,
of Y . T hornes L ane, W akefield.
Lncs. 1904. W ilson, W . R ., 15, Sackville  S tree t, 

L iverpool.
E .M . 1921. W infield, F ., “  A m bleside ,” O sm aston  

P a rk  R o a d , D erb y .
W .R . 1926. W in te r, N .F .S ., G reen H ayes, H alifax .
of Y.
S. 1924. W in te rto n , H . T ., W m . C um m ing & 

Co., W h ittin g to n  Mills, C h este r
field.

B . 1924. W isem an, A. A ., 149, Toll E n d  R oad , 
T ip to n , Staffs.

Lncs. 1912. W olstenholm e, J . ,  I l l ,  C arlton  T er-
x-ace, B u ry , an d  B o lto n  R o ad , 
R adcliffe, M anchester.

B . 1922. W ood, A ., 30, T o ll E n d  R o ad , Toll 
E n d , T ip to n , S taffs.

B. 1927. W ood, A ., Sunny  B an k  H ill, C rest
A venue, B rierley  H ill.

S. 1926. W ood, E . A ., 30, D ixon S tree t,
R o th e rh am .

B'nch, of ASSOCIATE MEMBERS.
' Election.



E.M . 1921. W ood, Jam es H r, 18, A lcester R oad , 
Sheffield.

W .R . 1922. W ood, Jo h n , 6, H udsw ell S tree t,
of Y . Sandal, W akefield.
M. 1926. W oolley, H . E ., 5, A lbion T errace, 

S a ltb u m  -by-Sea.
W .R . 1914. W orcester, A. S., 162, V ictoria R oad ,
of Y . L ockw ood, H uddersfield .
B . 1927. W orley, S. C., “ A shm ore,” 153, 

B earw ood R oad , Sm ethw ick, B ir
m ingham .

Lnes. 1917. W orra ll, J .  N „  77, A nsdell R oad . 
T u rf H ill, R ochdale.

W . & 1926. W ren , J . ,  “ W estho lm ,” E dw ard
M. S tree t, G riffithstow n, Mon.

L ncs. 1925. W righ t, H . G., 78, L loyd S tree t, 
H e a to n  N orris, S tockport.

W .R . 1923. W rig h t, L. L ., 168, O xford R oad ,
of Y . G om ersall, n ea r Leeds.
B . 1927. W rig h t, R . E ., O xford Lodge, M ary- 

h ill, Glasgow.
Sc. 1913. W righ t, W ., B u rn b an k  F ound ry , 

F a lk irk .
L ncs. 1924. W ylie, J .  F ., 206, S to ck p o rt R oad , 

B red b u ry , S to ck p o rt.
Lncs. 1925. Y ates , J . ,  37, K ing E dw ards Avenue, 

N o rth  Shore, B lackpool.
Lncs. 1926. Y ates, W ., 38, Clifford S treet, Leigh, 

L ancashire.
L ncs. 1924. Y eom an, R o b ert, 18, L ord  S treet, 

S tockport.
Lncs. 1926. Y eom an, S., 18, L ord  S tree t, S tock 

p o rt.
Sc. 1919. Y oung, J . ,  45, Cochrane S tree t,

Paisley .
N . 1921. Y oung, Jam es, 72, Carlisle S tree t,

Folling-on-Tyno.
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Year
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N . 1925. A dam s, F ., 98, A vondale  R o ad ,
B yker, N ew castle.

N . 1926. A insw orth , L. H ., 3, A lb ert A venue, 
W allsend-on-T yne.

B. 1925. A ndrew s, E ., 214, H ighfield  R o ad ,
S altley , B irm ingham .

S. 1920. A yres, S idney, 299, B ellhouse R o ad , 
Sh ireg reen , Sheffield.

B. 1925. B ache, T . R ., 181, W alsa ll S tree t,
W est B rom w ich.

N . 1925. B adsey , R . C., 5, L ovaine  T errace ,
N o rth  Shields.

N . 1920. B anks, V. L ., S t. C u tlib e rt’s V icarage, 
N ew castle-on-T yne.

Sc. 1926. B ell, W . M., 2, B elliield  S tree t,
B arrhead .

N. 1921. B en th am , J .  W ., 9, C um berland  S tree t, 
G ateshead-on-T yne.

N . 1924. B e th am , W . S., 9, S o u th  F red erick  
S tree t, S o u th  Shields.

N . 1925. B lackw ell, J . ,  113, George S tree t,
W illing t on-Q uay-on-T  y n e .

Sc. 1926. B lackw ood, W . S., 12, N ap ie r S tree t, 
L inw ood, N .B .

S. 1924. B lades, H ., 37, P e tre  S tree t, P its-
m oor, Sheffield.

Sc. 1926. B ly th e , N . C., 11, D anes D rive , Scots- 
to u n , Glasgow.

S. 1924. B olsover, C. A ., 27, P e a r S tree t,
Sheffield.

B . 1922. B oudry , C., 46, H o lly  L ane, S m e th 
wick.

N . 1922. B ow den, F ., 5, H olm w ood G rove,
W est Je sm o n d , N ew castle-on- 
T yne.

B. 1914. B oyne, W ., 157, W ood E n d  R oad , 
E rd in g to n , B irm ingham .

M. 1926. C annon, W . R ., 9, S o u th  View,
B illingharn , S tock ton-on-T ees.
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N. 1917. C arr, S., 44, S tan ley  S tree t, R osehill, 
W allsend  - on - T yne .

L. 1924. C ham berlain , E . E ., 75, A lbert S tree t, 
S lough, B ucks.

N . 1923. C hapm an, L. B ., D aisy  C ottage, Dene 
V illas, C hester-le-S treet, Co. D u r
ham .

Sc. 1926. C lark, J . ,  28, K ing S tree t, Paisley.
S. 1920. C oates, L ., 30, O akwood R oad,

R o th e rh am .
W . & 1925. Coles, H ., 101, W oodlands R oad , 
M. B arry  D ock.

Sc. 1925. Coubrougli, W . J . ,  68, G uthrie  S tree t, 
M aryhill, Glasgow.

L. 1926. Cum m ings, F . C., 3, W aller R oad, 
New Cross, L ondon, S.E.14.

G en. 1918. C urrie, E . M., 3, S tock ton  R oad , 
C oventry .

N. 1924. C u thbertson , J . ,  81„ D unsm uir G rove, 
G ateshead-on-T yne.

L ncs. 1927. D a in tith , R ., 286, R ish ton  L ane, 
G t. L ever, B olton.

S. 1927. D alton , W . E ., 310, Owler Lane, 
Sheffield.

N . 1924. D avidson , T . H ., 156, C roydon R oad , 
N ew castle-on-T yne.

N . 1923. D avison, R ., 79, Second A venue,
H ea to n , N ew castle-on-Tyne.

N . 1924. D ickinson, B ., 9, South  F rederick  
S tree t, S ou th  Shields.

N . 1924. D odd , C., 6, R e lton  T errace, M onk- 
seaton .

B. 1925. D ubberley , W ., 27, Lew isham  R oad , 
Sm ethw ick, B irm ingham .

N . 1926. D unbar, J . ,  16, B urn  Terrace, W illing- 
to n  Q uay-on-Tyne.

N. 1918. E glen , T ., 22, Morley S tree t, H eaton , 
N ew castle-on-Tyne.

L. 1922. E llis, J .  P ., 20, L am bourn  R oad , 
C lapliam  Ju n c tio n , S.W .4.

Year
B’neh. of ASSOCIATES.

Election.



Y e a r
B'nch. of ASSOCIATES.

E le c t io n .

B. 1925. E v an s , E . H ., 100, B runsw ick  R o ad , 
H an d sw o rth , B irm ingham .

Sc. 1927. E w en, G., 29, O akbank  T errace ,
Glasgow.

N. 1923. F a rre ll, T. P ., 6, S t. M ary ’s T errace , 
W illing ton  Q uay.

N . 1917. F erguson , J . ,  62, S o u th  P a lm ersto n  
S tree t, S o u th  Shields.

S. 1922. F ir th , T om  L ., 191, F o x  S tre e t,
Sheffield.

N . 1925. F leck , J . ,  75, L am b  S tree t, W alk e r- 
on-T yne.

N. 1913. F o rd , A ., 43, Moore S tree t, G ateshead .

S. 1926. F re tw ell, J . ,  153, Sheffield R oad ,
S tonegravels, Chesterfield.

B. 1924. F ro s t, C., 55, W avnerley  R o ad , Sm all
H e a th , B irm ingham .

N. 1923. G ould, M ., 42, E lsw ick  E a s t  T errace,
N ew castle-on-T yne.

Sc. 1924. G raham , T ., 25, W illiam  S tree t,
D um barton .

L. 1924. G raves, J .  H ., 38, Solw ay R oad ,
W ood G reen, N .22.

S. 1926. G ray, H ., 337, Sheffield R o ad , W h it
tin g to n  Moor, C hesterfield .

N. 1925. G reen, S., 67, C o ttenham  S tree t,
N  ew castle -on-T yne.

B. 1925. G reenw ay, J .  F ., 43, D ouglas R oad ,
H an d sw o rth , B irm ingham .

N. 1925. G rigor, R ., 38, G rey S tree t, W all-
send-on-T yne.

B. 1925. H ad ley , E . T ., 207, H orsley  H e a th ,
T ip to n , Staffs.

B. 1909. H am ilton , G ., 18, A nderson R o ad ,
T ip ton .

862
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W . & 1925. H arding,. W . L., -14, W elford S tree t, 
M. B arry .

N. 1923. H arle , J .  E ., 162, South  P alm erston  
S tree t, S ou th  Shields.

M. 1926. H arv ey , E . J . ,  4, R y d a l R oad , S to ck 
ton-on-T ees.

N. 1924. H arv ey , J .  E . B ., 96, M arshall W allis 
R oad , S ou th  Shields.

Sc. 1927. H arv ie , R ., 21, Campbell S tree t,
M aryhill, Glasgow.

S. 1926. H a tto n , A ., 15, L ittlem oor Crescent, 
N ew bold, Chesterfield.

S. 1921. H eeley , Jo h n  Ja s ., 36, G ertrude
S tree t, O w lerton, Sheffield.

Sc. 1924. H iggins, N ., 7, P o rtlan d  Rows, H url- 
fo rd , A yrshire.

Sc. 1920. H ill, T ., 9g , M itchell S tree t, A irdrie.
Lncs. 1925. H ind ley , W ., 13, Charles S tree t,

F a rn w o rth , n ear B olton.
W . & 1926. H ird , J . ,  “ W oodcot,” U pper Cwm- 
M. b ran .

N . 1925. H odgkinson, H . D., 5, Leopold S treet, 
Jarrow -on-T yne.

E.M . 1917. H olm es, A ., 87, A lbert Prom enade, 
L oughborough .

Lncs. 1926. H o lt, Sam uel (Junior), 83, R idgw av 
S tree t, B radford  R oad , M anches
ter.

Lncs. 1923. H opkins, W ., 70, T ootal D rive,
W easte, M anchester.

E .M . f916. H ughes, J .  O., A lm a Lodge, Caris- 
brooke R oad , Leicester.

N . 1927. H u n te r, R . W ., 104, Shrew sbury
Crescent, H um bledon H ill, S un
derland .

M. 1926. Jam eson , J .  R ., 9, Olive S tree t,
H artlepool.

B. 1919. Johnson , J .  B ., ju n r ., S la te r S tree t, 
G rea t B ridge, T ipton.

N. 1925. Jones, J . ,  21, Cooper S tree t, S u n d er
lan d  R oad , G ateshead-on-T yne.

L. 1924. Jones, T. H ., 40, G lengall R oad, 
C ub itt Town, E .14.



Sc. 1922. Jo n es , W . C., B la ir T errace , H u rlfo rd , 
A yrsh ire .

N . 1922. K elly , F . J . ,  1545, W alke r R o ad ,
N ew castle-on -T yne.

Sc. 1924. L augh land , H ., 15, B urnside  S tree t,
K ilm arnock .

N . 1925. L aven , J . ,  140, R ich a rd so n  S tree t,
W  allsend -on -T yne.

N . 1920. L indsay , A. W ., 16, P h illip son  S tree t,
W illing ton  Q uay-on-T yne.

N . 1924. Lowes, W ., 1, B aden  S tree t, C hester -
le -S tree t.

Lncs. 1914. L ucas, G. W ., 36, L angfo rd  S tree t, 
L eek, Staffs.

Sc. 1926. M cA llister, W . C., 144, D rtim oyne
R oad , S ou th  G ovan, G lasgow.

N . 1924. M cD onald, C. R ., T he V illa, W illing  -
ton -Q uay-on-T yne.

N . 1925. M cD ougal, T . D ., 3, W estm ore land
S tree t, W allsend-on-T yne.

Sc. 1924. M cGowan, V. M., 1, A lb ert S tree t,
P aisley .

Sc. 1926. M cG um aghan , M., 206, G allow gate ,
G lasgow.

Sc. 1913. M cLeish, J . ,  7, B u ch an an  T errace ,
Paisley .

Sc. 1924. M acN ab, R ., 13, W alker S tree t,
Paisley .

Sc. 1926. Mc.Phee, J .  McA., 70, H igh  S tree t,
Paisley .

N . 1926. M cQ uillan, J . ,  1, L odge T errace ,
W allsend-on-T yne.

Sc. 1925. M agee, J . ,  83, L ounsdale  D rive,
Paisley .

Sc. 1927. M ain, J .  W ., 175, H o lm  S tree t,
Glasgow, C.2.

B ’nch. of ASSOCIATES.
Election.
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Sc. 1924. M artin , A. L ., 31, George S tree t, 
C ity , Glasgow.

M. 1926. M artin , J .  H ., 7, South  View, Cargo 
F lee t, M iddlesbrough.

B. 1924. M ason, J .  L ., 11, K en tish  R oad ,
H andsw orth , B irm ingham .

L . 1925. M ata , C. H ., 51, G rosvenor R oad , 
C anonbury, N .5.

N . 1923. M atthew s, G. W ., 82, S t. P eter-
R oad , H o ly  Cross, W illington- 
Q uay-on-Tyne.

L ncs. 1923. M eadow croft, H ., 10, H am bledon,
View, H abergham , B urn ley .

Sc. 1924. M eikle, A. S., 207, K en t R oad ,
Glasgow.

B. 1925. M eredith , C., 4, T hom as S tree t, S m eth 
w ick, B irm ingham .

N. 1922. Miller, J .  G., 79, Clarence S tree t,
N ew castle - on -Tyne.

N . 1925. M orland, R . H ., 106, Clifford S tree t, 
B yker, N ew castle-on-T yne.

N . 1925. N esb it, G. L ., 4, C oben A venue, Mex- 
borough.

N . 1925. N esb itt, I ., 26, B ede Crescent, H oly  
Cross E s ta te , W illington-Q uay- 
on-T yne.

N . 1924. N ichol, J . ,  131, George S tree t,
W illington-Q uay-on-Tyne.

N . 1925. N u tta ll ,  G., 88, H igh S tree t E a s t, 
W al lsend - on - T yne .

N . 1925. O sborne, G. F ., 39, F ran k lin  S tree t, 
Sunderland .

N . 1922. P a te rson , J .  W ., 108, Corbridge S tree t, 
B yker, N ew castle-on-Tyne.

N. 1923. Peacock, J .  E ., 40, B olam  S tree t,
N ew castle - on -T yne.

N . 1923. Peacock, S., 12, Jo h n  S tree t, South  
Shields.

N . 1922. P icken , A. D ., 87, C u thbert S treet, 
H ebburn-on-T yne.

2 t
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N . 1922. P it tu c k , M. D . (Miss), c /o  H . J .  Y oung.
3, C en tra l B uild ings, W estm in ste r. 
S .W .l.

L ncs. 1926. P o lla rd , W m , 7, Pow ell S tre e t, 
B u rn ley , L ancs.

W .R . 1926. Poole, F . T . L ., 85, S ta r r  H ill, W vke , 
o f Y . B rad fo rd .
N . 1926. P ra t t ,  S., 29, R an d o lp h  S tree t, J a r -  

row -on-T yne.
E .M . 1916. R ad fo rd , H . P ., 151, B arc la y  S tree t.

Fosse R o ad  S o u th , L eicester.
N . 1917. R ang , E . J . ,  M .Se., 8, B a th  T errace . 

T ynem ou th .
N . 1926. R eay , T ., 27, P ercy  S tree t, W allsend- 

on-T yne.
N . 1922. R e d p a th , J . ,  25, B u rn ley  S tree t.

B laydon-on-T vne.
W . & 1925. R ees, L. W ., 158, H o lto n  R o a d . 
M. B a rry  D ock.

Sc. 1923. R eid , J .  N . (jun r.), E lm b an k , L a rb e rt.
Sc. 1923. R idde ll, J . ,  113, C oven try  D rive,
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